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A family of ternary p-diketonate lanthanide(Ill)-cored complexes based on the combination of 2-(5-
bromothiophen)imidazo[4,5-f][1,10]phenanthroline (5-Br-TIP)/2-thiophenimidazo[4,5-f][1,10]phenan-
throline (TIP) and 2-thenoyltrifluoroacetonate (TTA) ligands have been described herein, i.e. Ln(TTA);
(5-Br-TIP) [Ln = Eu (1), Dy (2), Er (3), Tb (4), Sm (5), Yb (6)] and Eu(TTA)s(TIP) (7). According to the fluo-
rescence spectra of complexes 1, 3, 5, 6 and 7, characteristic luminescence of the Ln>" ions in the visible
and near-infrared band ranges is observed, which is attributed to efficient energy transfer from the
ligands to the metal centers. The room-temperature luminescence intensity of 7 is analogous to that of
the strong fluorescent complex Eu(TTA);(phen), but the fluorescence intensity of 1 is much weaker. In
addition, complexes 1 and 7 show 1.1 and 1.4 times greater fluorescence intensity at 77 K compared with
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the fluorescence spectra at room temperature.
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1. Introduction

In recent years, luminescent ternary p-diketonate lanthanide
complexes have attracted great interest in applications such as
materials for fluorescent probes in bioassays, flat panel displays,
UV sensors and so on, because of their distinguishable luminescent
properties [1-5]. In particular, Eu(Ill) and Sm(IIl) complexes are
distinguished by their very sharp fluorescence emissions and the-
oretically high quantum efficiencies up to 100% [6-9]. A number
of mononuclear lanthanide complexes have been applied in elec-
troluminescent (EL) studies and other related fields [10-15].

1,10-Phenanthroline (phen) derivatives with extended m-sys-
tems have been widely used as neutral chelating ligands in ternary
p-diketonate lanthanide complexes. It has been found that the
presence of different substituent groups in phen can significantly
affect the EL performances of devices based on these complexes
[16,17], which in turn depends on the efficiency of intramolecular
energy transfers. Imidazo[4,5-f][1,10]phenanthrolines grafted by
different heteroaromatic rings have become an important class
among phen derivatives because of their luminescence sensitivity,
originating from their extended m-systems and molecular planarity
as well as symmetrical/asymmetrical structures. Moreover,
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imidazole-containing phenanthroline ligands are constituted by
parts of both electron acceptors and electron donors, which may
tune the photoluminescence properties of the related lanthanide
(Ln) complexes [18-23].

In order to exploit their luminescence potential, lanthanide ions
must be coordinated by a properly selected ligand environment to
saturate the coordinating positions of the metal centers as well as
to play as a light-harvesting unit (antenna) for the sensitization of
the ion itself [24,25]. In this work, 2-thiophenimidazo[4,5-
fl[1,10]phenanthroline  (TIP) and 2-(5-bromothiophen)imi-
dazo[4,5-f][1,10]phenanthroline (5-Br-TIP) have been selected as
the synergistic ligands to synthesize seven new tris(2-thenoyltri-
fluoroacetonato) lanthanide(Ill) complexes (Scheme 1), formulated
as: Eu(TTA);(5-Br-TIP) (1), Dy(TTA);(5-Br-TIP) (2), Er(TTA);(5-Br-
TIP) (3), Tb(TTA);(5-Br-TIP) (4), Sm(TTA)3(5-Br-TIP) (5),
Yb(TTA)3(5-Br-TIP) (6) and Eu(TTA);(TIP) (7), and their single-crys-
tal structures and photophysical properties have been discussed.

2. Experimental
2.1. Materials and physical measurements

All the reagents were of analytical grade from commercial
sources and were used without any further purification. The li-
gands 5-Br-TIP and TIP were prepared according to the literature
method in high yields [26].
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Scheme 1. Schematic illustration for the synthesis of complexes 1-7.

Elemental analyses were performed with a Perkin-Elmer
1400 °C analyzer. A Nicolet FT-IR 170X spectrophotometer at
25 °C was used to obtain the IR spectral data on KBr disks. Electro-
spray ionization mass spectra (ESI-MS) were recorded on a Finni-
gan MAT SSQ 710 mass spectrometer in the scan range 100-
1200 amu. UV-Vis spectra were measured on a Shimadzu UV-
3600 double-beam spectrophotometer using a quartz glass cell
with a path length of 10 mm at room temperature. Fluorescence
spectra were performed on an F-4600 fluorescence spectropho-
tometer with a double grating 0.22 m Spex 1680 monochromator
and a 450 W Xe lamp as the excitation source, using the front face
mode at room temperature (25°C). Powder X-ray diffraction
(PXRD) measurements were performed on a Philips X'pert MPD
pro X-ray diffractometer using Cu Ko radiation on crushed single
crystals in the 20 range 5-50°, in which the X-ray tube was oper-
ated at 40 kV and 40 mA at room temperature.

2.2. Crystal structure determination and refinement

Single-crystal samples of 1-4 and 7 were covered with glue and
mounted on glass fibers for data collection at 291(2) K. The X-ray
single-crystal diffraction data were collected on a Bruker SMART
1K CCD diffractometer using graphite monochromated Mo Ko
radiation (1=0.71073 A). The crystal systems were determined

by Laue symmetry and the space groups were assigned on the basis
of systematic absences using XPREP. Absorption corrections were
performed on all data and the structures were solved by direct
methods and refined by the full-matrix least-squares method on
Fobs» using the sHeLxTL-pc software package [27]. All non-H atoms
were anisotropically refined and all hydrogen atoms were inserted
in calculated positions, assigned fixed isotropic thermal parame-
ters and allowed to ride on their respective parent atoms. A sum-
mary of the crystal data, experimental details and refinement
results for 1-4 and 7 is listed in Table 1. Selected bond distances
and bond angles related to the central metal ions for 1-4 and 7
are given in Table SI1, while O—H- - -N, C—H. - .F, O—H.--O,N-H- - -0,
C—H---0 and O—H-- S types of hydrogen bonding interactions in
1-4 and 7 are listed in Table SI2.

2.3. Syntheses of compounds 1-7

Ln(TTA)3-2H,0 (0.06 mmol) was dissolved in 10 mL methanol
and a solution of 5-Br-TIP/TIP (0.06 mmol) dissolved in 10 mL eth-
anol was added. The mixture was refluxed for 3 h to get a clear yel-
low solution, and then it was cooled to room temperature and
filtered. The filtrate was placed undisturbed for 4 days and yellow
block crystals of 1-4 and 7 suitable for X-ray diffraction analysis
were isolated.

Table 1

Crystallographic data and structural refinements for lanthanide(Ill) complexes 1-4 and 7.
Compound 1 2 3 4 7
Formula C4oH,7BrEuFgN,40gS,4 C43H29BrDyFoN40gS4 C43H,9BrErFgN40gS4 C43H,9BrTbFgN,40gS,4 C4oHogEuFgN405S,
Formula weight 1246.79 1271.38 1276.14 1267.81 1167.88
T (K) 291(2) 291(2) 291(2) 291(2) 291
Crystal size (mm) 0.08 x 0.10 x 0.12 0.10 x 0.11 x 0.12 0.10 x 0.11 x 0.11 0.10 x 0.11 x 0.12 0.08 x 0.10 x 0.10
Crystal system monoclinic monoclinic monoclinic monoclinic monoclinic
Space group P2,/c P2,/c P24/c P2,/c P2,/c
a(A) 10.4381(19) 10.4947(14) 10.505(4) 10.504(8) 10.5143(16)
b (A) 20.733(4) 20.805(3) 20.816(8) 20.792(15) 20.334(4)
c(A) 22.968(5) 22.969(3) 22.860(9) 22.978(18) 22.850(4)
o (deg) 90.00 90 90 90 90
B(°) 104.056(4) 104.235(5) 104.180(6) 104.250(13) 103.437(3)
y(®) 90.00 90 90 90 90
V (A3) 4821.8(16) 4861.1(12) 4847(3) 4864(6) 4751.6(14)
Pealca (g cm™3)/Z 1.717/4 1.737/4 1.749/4 1.731/4 1.633/4
F(000) 2456 2500 2508 2496 2320
1 (mm~') 2.392 2.620 2.818 2.536 1.585
Maximum/minimum 11<hg-12 12<h<g-11 12<h<g-12 11<hg-12 7<h<-12

19<k<-24 24 <k<-24 23<k<-24 24<k<-24 24<k<-24
27 <1< -26 23 <1< -27 27 <1< =27 26 <1< -27 27 <1< =27

Collected Refs. 26723 24495 24522 22639 43652
Unique Refs. 8469 8527 8503 8395 8139
Refs. with [I>20(1)] 3961 3558 3539 3481 5354
Parameters 594 603 609 596 614
Ry, WRy [I>2a(D)]? 0.0872/0.2152 0.0525/0.1009 0.0505/0.1033 0.0602/0.1300 0.0719/0.1797
Ry, WR; (all data)? 0.1605/0.2355 0.1284/0.1136 0.1378/0.1185 0.1367/0.1459 0.1112/0.2043
Goodness-of-fit (GOF) on F? 0.93 0.74 0.77 0.80 1.06
Maximum/minimum Ap[e A—] 2.54/-1.26 1.54/-1.14 1.05/-0.95 2.28/-1.27 1.13/-1.06

? Ru = Z||Fol —IFdI/ZIFol, WRz = [Z[W(Fo*~FE 1/ EW(Fo* )],
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Eu(TTA)s(5-Br-TIP) (1): (32.7 mg, yield: 44%). Main FT-IR absorp-
tions (KBr pellets, v, cm~1): 3433 (b), 3095 (w), 1596 (s), 1539 (m),
1501 (w), 1458 (w), 1409 (m), 1355 (w), 1309 (s), 1247 (m), 1230
(w), 1184 (s), 1139 (s), 1060 (w), 933 (w), 860 (w), 788 (m), 734
(m), 682 (w), 642 (w). Elemental Anal. Calc. for C4;H,7BrEuFgN4Og.
S4: C, 40.46; H, 2.18; N, 4.29. Found: C, 40.24; H, 2.36; N, 4.21%.
UV-Vis (CH2CL): Amax (nm) = 340, & (L mol~! cm~") = 80900. Fluo-
rescence in 2-methyltetrahydrofuran at room temperature: Apay,
em (NM) =614, /nax ex (Nm)=375. Positive ESI-MS peak (m/z):
1218, [Eu(TTA)3(5-Br-TIP)(H,0)+H]".

Dy(TTA)3(5-Br-TIP) (2): (31.2mg, yield: 41%). Main FT-IR
absorptions (KBr pellets, v, cm™1): 3419 (b), 3085 (w), 1623 (s),
1600 (s), 1539 (s), 1508 (m), 1460 (w), 1409 (s), 1355 (m), 1309
(s), 1247 (m), 1230 (m), 1184 (s), 1139 (s), 1085 (w), 1060 (w),
935 (w), 860 (w), 813 (w), 788 (m), 734 (m), 723 (m), 682 (w),
642 (W) Elemental Anal. Calc. for C43H29BrDyF9N40854: C, 40.62;
H, 2.30; N, 4.41. Found: C, 40.44; H, 2.46; N, 4.23%. UV-Vis (CH,.
Cly): Amax (nm) =339, ¢ (Lmol~' cm™!) = 104700. Positive ESI-MS
peak (m/z): 1229, [Dy(TTA);(5-Br-TIP)(H,0)+H]".

Er(TTA)3(5-Br-TIP) (3): (34.5 mg, yield: 45%). Main FT-IR absorp-
tions (KBr pellets, v, cm~!): 3448 (b), 3089 (w), 1650 (m), 1625 (m),
1600 (s), 1577 (m), 1541 (m), 1506 (w), 1411 (m), 1357 (w), 1311
(s), 1249 (w), 1232 (w), 1191 (m), 1141 (s), 1062 (w), 935 (w), 860
(w), 786 (m), 734 (m), 642 (w). Elemental Anal. Calc. for C43Hzg.
BrErFgN40gS4: C, 40.47; H, 2.29; N, 4.39. Found: C, 40.25; H, 2.57;
N, 4.21%. UV-Vis (CHyCly): Jmax (nm)=337, ¢ (Lmol'-
cm™') =99400. Positive ESI-MS peak (m/z): 1229, [Er(TTA)s(5-Br-
TIP)(CH30H)(C,HsOH)+H]".

Tb(TTA)3(5-Br-TIP) (4): (35.1 mg, yield: 46%). Main FT-IR absorp-
tions (KBr pellets, v, cm™!): 3433 (b), 3085 (w), 1062 (m), 1598 (s),
1575 (m), 1539 (m), 1508 (w), 1488 (w), 1409 (m), 1355 (w), 1309
(s), 1247 (w), 1230 (w), 1184 (m), 1141 (s), 1060 (w), 933 (w), 788
(m), 734 (m), 682 (w), 642 (w). Elemental Anal. Calc. for C43Hq.
BrTbFgN,40sS4: C, 40.74; H, 2.31; N, 4.42. Found: C, 40.62; H,
2.57; N, 4.26%. UV-Vis (CH,Cly): Jmax (nm)=339, ¢ (Lmol ' -
cm ') =81300. Positive ESI-MS peak (m/z): 1226, [Tb(TTA)s(5-Br-
TIP)(H,O0)+H]".

Sm(TTA)3(5-Br-TIP) (5): (31.5mg, yield: 42%). Main FT-IR
absorptions (KBr pellets, v, cm~'): 3431 (b), 3090 (w), 1595 (s),
1537 (m), 1506 (w), 1456 (w), 1410 (m), 1356 (w), 1311 (s),
1247 (m), 1230 (m), 1184 (s), 1139 (s), 1062 (w), 932 (w), 856
(w), 788 (m), 734 (m), 682 (w), 642 (w). Elemental Anal. Calc. for
C43H29BrSmFgN,405S4: C, 41.01; H, 2.32; N, 4.45. Found: C, 40.93;
H, 2.56; N, 4.31%. UV-Vis (CH,CL): Amax (nm) =340, ¢ (Lmol ™! -
cm~ ') =97585. Fluorescence in 2-methyltetrahydrofuran at room
temperature: Amax, em (NM)=648, lmax ex (NmM)=374. Positive

(@)

Fig. 1. ORTEP plots of metal complexes 1 (a) and 7 (b). The thermal ellipsoids are drawn at 30% probability (hydrogen atoms and solvent molecules are omitted for clarity).

ESI-MS peak (m/z):
TIP)(CH3OH)2(C2H5OH)+Na]+

Yb(TTA)3(5-Br-TIP) (6): (33.6 mg, yield: 45%). Main FT-IR absorp-
tions (KBr pellets, v, cm™!): 3409 (b), 3085 (w), 1600 (s), 1539 (m),
1508 (w), 1460 (w), 1411 (m), 1357 (w), 1313 (s), 1247 (m), 1230
(m), 1184 (s), 1139 (s), 1062 (w), 935(w), 860 (w), 788 (m), 734
(m), 682 (w), 642 (w). Elemental Anal. Calc. for C43H29BrYbFgN4Og.
Sa: G, 40.29; H, 2.28; N, 4.37. Found: C, 40.44; H, 2.51; N, 4.49%.
UV-Vis (CHxCly): /max (nm)=336, ¢ (Lmol 'cm ')=75771.
Positive ESI-MS peak (m/z): 1332, [Yb(TTA);(5-Br-TIP)(C;H50H),
(Ho0)+H]".

Eu(TTA)s(TIP) (7): (31.0 mg, yield: 44%). Main FT-IR absorptions
(KBr pellets, v, cm™!): 3402 (b), 3085 (w), 1598 (s), 1577 (m), 1539
(m), 1508 (w), 1458 (w), 1411 (m), 1357 (w), 1307 (s), 1247 (m),
1230 (w), 1190 (m), 1141 (s), 1062 (w), 933 (w), 786 (w), 725
(W), 642 (W) Elemental Anal. Calc. for C42H28EUFQN40gS4Z C,
43.19; H, 2.42; N, 4.80. Found: C, 42.97; H, 2.62; N, 4.66%. UV-
Vis (CH5Cly): Amax (nm) =338, ¢ (Lmol ' cm~') = 67300. Fluores-
cence in 2-methyltetrahydrofuran at room temperature: Amax, em
(nm) = 614, Zmax, ex (Nm) =379. Positive ESI-MS peak (m/z): 1212,
[Eu(TTA)3(TIP)(CH30H)(H,0),+Na]".

1331, [Sm(TTA)3(5-Br-

3. Results and discussion

3.1. Structural characterizations of five ternary B-diketonate
lanthanide complexes

The molecular structures of mononuclear complexes 1 and 7,
with the atom-numbering scheme, are shown in Fig. 1. The com-
plexes 1-4 and 7 all crystallized in the monoclinic space group
P24/c and they are isomorphous structures, with every asymmetric
unit containing one Ln(IIl) ion, eight-coordinated by three biden-
tate TTA anions and one bidentate 5-Br-TIP/TIP ligand, together
with one uncoordinated methanol and one free water molecule
in 1 and one ethanol molecule in 2-4 and 7. The dihedral angles
between adjacent imidazole and thiophene rings of the ligand 5-
Br-TIP in 1-4 are 6.2(2)°, 4.7(2)°, 5.3(2)° and 5.9(2)° respectively,
which are smaller than that of the ligand TIP in 7 (11.1(2)°), exhib-
iting good planarity. Moreover, every TTA ligand in 1-4 and 7 is
also essentially planar, with a dihedral angle between the thio-
phene ring and the acetonate unit in the range 3.2(2)-7.4(2)°. In
addition, strong m-m and p-7 stacking interactions are found be-
tween neighboring thiophene, imidazole and phen molecules in
1-4 and 7. As can be seen in Fig. 2, similar dimeric packing
structures are formed for all the complexes, with analogous cen-
troid-to-centroid separations in the range 3.534(7)-3.817(4)A.

) G
e o
-t d

(b)
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Fig. 2. m-mt/p-m Stacking interactions in complexes 1 (a) and 7 (b) (hydrogen atoms
and solvent molecules are omitted for clarity).

X-ray powder diffraction studies were carried out to ensure the
purity of all the samples. As illustrated in Fig. SI1, the pure phase
of complexes 1-4 and 7 is also confirmed by their PXRD patterns,
which are in good agreement with the single-crystal diffraction
simulated data. In addition, complexes 5 and 6 are suggested to
have the same structures as 1-4 and 7, although attempts to obtain
their single-crystal structures were not successfully.

3.2. UV-Vis spectral analysis

The UV-Vis absorption spectra of complexes 1-7 in dichloro-
methane (1 x 10~ mol/L) are shown in Fig. SI2, together with
the ligands 5-Br-TIP and TIP for comparison in the inset. The
absorption bands of 5-Br-TIP are observed at 298 and 342 nm
and those for TIP are found at 284 and 334 nm, which are obviously
red-shifted compared to phen (Amax =290 nm), due to their ex-
tended molecular conjugation system. As for the lanthanide(IIl)-
cored complexes 1-7, two sets of typical UV-Vis absorption peaks
at 299 and 336-340 nm are observed with a higher absorption
intensity as compared with Eu(TTA);(phen). The former is attrib-
uted to the m-7* electron transition of the core phenanthroline
moieties and the latter is assigned to a combination of singlet-sin-
glet m-mt* transitions of 5-Br-TIP/TIP and TTA ligands. In addition,
similar UV-Vis absorption bands of the ligands suggest that there
is almost no significant influence on the m-m* state energy after
Ln>* ion complexation and Br~ ion substitution.

3.3. Photoluminescent properties

Fluorescence spectra of the ligands 5-Br-TIP and TIP and their
respective Eu®>* complexes 1 and 7, in the solid state at room tem-
perature, are shown in Fig. 3. Complexes 1 and 7 display several

3000
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—1
S 2000 /i 7T 3
8
>
K]
c
9 1000
£
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Fig. 3. Fluorescence spectra of the ligands 5-Br-TIP and TIP and their lantha-
nide(Ill)-cored complexes 1 and 7 in the solid state at room temperature.
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Fig. 4. Emission spectra of the complexes 1, 7 and Eu(TTA);(phen) in CH,Cl,
(1 x 107> mol/L), exciting at 340 nm at room temperature. Inset, maximum
emission spectra (Amax, ex = 337, 335 and 271 nm) of three complexes in CH,Cl,.

characteristic emission bands corresponding to the *Dg — F
(J = 0-4) transitions of the Eu>* ion upon excitation at 409 and
397 nm, respectively. The lack of residual ligand fluorescence at
375-485 nm suggests an efficient energy transfer between the li-
gands and the central metal ions. Among them, the °Dy — ’F, tran-
sition at 2 =614 nm is the strongest emission, that is an induced
electric dipole transition and is responsible for the brilliant red
emission of Eu*" complexes. In contrast, the emission bands at
581 and 654 nm are very weak because their corresponding
5Dg — ’Fg_3 transitions are forbidden both for magnetic and elec-
tric dipoles. The intensity of the emission band at 593 nm
(°Dg — "Fy) is relatively strong and independent of the coordina-
tion environment due to its magnetic dipole nature.

Furthermore, one can see the fluorescence intensity of 7 is
nearly the same as Eu(TTA)s(phen) at both a uniform excitation
wavelength of 340 nm (Fig. 4) and their respective maximum exci-
tation wavelengths (the inset of Fig. 4) by comparing the emission
spectra of complexes 1, 7 and Eu(TTA)s(phen) in CH,Cl, (1 x 107> -
mol/L). The fluorescence intensity of 1 is much weaker because of
the electron-withdrawing property of the bromine atom, which
will result in a lower triplet energy level of the 5-Br-TIP ligand [28].

According to the emission spectra of 1 and 7 in 2-meth-
yltetrahydrofuran at room temperature, the fluorescence intensity
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—1at 77K

Intensity(a.u.)

600 700 600
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Fig. 5. Fluorescence emission spectra of 1 (left) and 7 (right) at room temperature
(black line) and 77K (red line) in 2-methyltetrahydrofuran (blue brackets in
excitation profile indicate an omitted peak due to overtone bands of the monitored
emission wavelength).

is increased significantly after they are cooled to 77 K. As can be
seen in Fig. 5, the fluorescence intensity for 1 and 7 at 77 K is 1.1
and 1.4 times those at room temperature, which is attributed to
the reduction of thermal non-radiative transitions that can reduce
the emission intensities. In addition, the narrow and strong
5Dy — ’F, emission band for 1 and 7 has experienced a slight red
shift from 614 to 618 nm.

The fluorescence emission spectra of 3, 5 and 6 in CH,Cl, solu-
tion at room temperature were obtained on excitation at 350 nm
(Fig. 6). Under this effective excitation, the three complexes show
characteristic fluorescence emissions which are analogous to those
reported in literature [29-31]. For complex 3, a large emission
band located at 1536 nm is attributed to a transition from the first
excited state (“;3/2) to the ground state (*I;5.2) of the Er(IIl) ion.
The full width at half maximum (FWHM) of the *I;3/; — *I;5p, tran-
sition for complex 3 is 51 nm, which may enable a wide-gain band-
width for optical amplification [29,32]. The fluorescence emission
spectrum of complex 5 consists of a series of characteristic narrow
emission peaks of the Sm*" ion, corresponding to *Gs; — ®Hsp
(566 nm), 4G5/2 - 6H7/2 (610 nm), 4G5/2 - GHg/z (650 nm) and

2F5,~>2F 3
4 —64d. A a4 A4 eea--
Gy, >°Hg / i3> 1512 o
2 A S [ — 6
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c ]
Q H
e "
= "
° "
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i .
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600 800 1000 1200 1400 1600 1800
Wavelength(nm)

Fig. 6. Fluorescence spectra of 3, 5 and 6 in CH,Cl, at room temperature.

4Gsj2 — ®Hy152 (716 nm) transitions. Here the three expected peaks
for the “Gsjz — ®Hspp_op2 transitions are well resolved and the
intensity (I) sequence of the peaks is 1 (*Gsjz — ®Hgp2) > 1 (*Gs;
2 = ®Hyp2) > 1 (*Gsjz — ®Hsp2) > 1 (*Gspz — ®Hiqpa).

As we know, the Yb>" ion plays an important role in laser emis-
sion because of its very simple f-f energy level structure: besides
the 2F7/2 ground multiplet, there is only the 2F5,2 excited multiplet
at around 10,000 cm~'. There is no excited state absorption on
reducing the effective laser cross-section, no up-conversion and
no absorption in the visible range. So the intense absorption and
intense emission of Yb®* complexes make them attractive for var-
ious photonic applications in laser diode pumping [33], glasses
[34] and bioprobes [35,36]. In this work, the NIR fluorescence
emission spectrum of complex 6 has a strong emission band in
the range 900-1100 nm, which makes it a promising candidate
for photonic applications. A sharp peak at 976 nm, as well as a
broader vibronic component at longer wavelength, is found in
Fig. 6, which can be assigned to the characteristic ?Fs;; — ?F7p2
transition of the Yb3* ion [37].

4. Conclusions

In summary, we have described herein seven new ternary j-
diketonate lanthanide(IIl)-cored (Ln = Eu, Dy, Er, Tb, Sm, Yb) mono-
nuclear complexes based on a combination of 5-Br-TIP/TIP and TTA
ligands. Structural characterization of five complexes, 1-4 and 7,
reveal small dihedral angles in the range 4.7(2)-11.1(2)° between
adjacent imidazole and thiophene rings in the 5,6-extend phen li-
gands 5-Br-TIP and TIP. The room temperature luminescence
intensity of 7 is analogous to that of the strong fluorescent complex
Eu(TTA)3(phen), but the fluorescence intensity of 1 is much weaker
because of the electron-withdrawing property of the bromine
atom, which results in the lower triplet energy level of the 5-Br-
TIP ligand. In addition, compared with the room-temperature fluo-
rescence spectra, the fluorescence emissions of the Eu* complexes
1 and 7 at 77 K are found to have an increase in intensity of 1.1 and
1.4 times, respectively. Further work is being undertaken on stron-
ger luminescent lanthanide(Ill)-cored complexes having new li-
gands with larger delocalized molecular m-systems based on N-
alkylation and cross-coupling derivatives of 5-Br-TIP.
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Appendix A. Supplementary data

CCDC 916914-916918 contain the supplementary crystallo-
graphic data for the lanthanide(IlI)-cored complexes 1-4 and 7.
These data can be obtained free of charge via http://www.ccdc.ca-
m.ac.uk/conts/retrieving.html, or from the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: +44 1223 336 033; or e-mail: deposit@ccdc.cam.ac.uk.

Selected bond distances (A), bond angles () and hydrogen bond-
ing parameters (A, ) for complexes 1-4 and 7, and powder X-ray
diffraction patterns of complexes 1-7.

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.poly.2013.04.036.

References

[1] K.A. Gschneidner Jr., ].C.G. Bunzli, V.K. Pecharsky, Handbook on the Physics and
Chemistry of Rare Earths, Elsevier Amsterdam 35 (2005) 107-272 (Chapter
225).



Q.-Q. Liu et al./Polyhedron 59 (2013) 52-57 57

[2] L.D. Carlos, Adv. Mater. 21 (2009) 509.

[3] G. Yu, Y.Q. Liu, X. Wu, D.B. Zhu, Chem. Mater. 12 (2000) 2537.

[4] J.C.G. Biinzli, S. Comby, A.S. Chauvin, C.D.B. Vandevyver, ]. Rare Earths 25
(2007) 257.

[5] T. Cardinaels, K. Driesen, T.N. Parac-Vogt, B. Heinrich, C. Bourgogne, D. Guillon,
B. Donnio, K. Binnemans, Chem. Mater. 17 (2005) 6589.

[6] J.C.G. Biinzli, C. Piguet, Chem. Soc. Rev. 34 (2005) 1048.

[7] M. Sun, H. Xin, K.Z. Wang, Y.A. Zhang, L.P. Jin, C.H. Huang, Chem. Commun. 6
(2003) 702.

[8] R. Reyes, M. Cremona, E.E.S. Teotonio, H.F. Brito, O.L. Malta, Thin Solid Films
469-470 (2004) 59.

[9] ES. Liang, Q.G. Zhou, Y.X. Cheng, L.X. Wang, D.G. Ma, X.B. Jing, F.S. Wang, Chem.
Mater. 15 (2003) 1935.

[10] M.D. McGehee, T. Bergstedt, C. Zhang, A.P. Saab, M.B. O'Regan, G.C. Bazan, V.I.
Srdanov, AJ. Heeger, Adv. Mater. 11 (1999) 1349.

[11] P.P. Sun, ].P. Duan, H.T. Shih, C.H. Cheng, Appl. Phys. Lett. 81 (2002) 792.

[12] S.I. Klink, G.A. Hebbink, L. Grave, F.CJ.M. Van Veggel, D.N. Reinhoudt, L.H.
Sloott, A. Polman, J.W. Hoftraat, J. Appl. Phys. 86 (1999) 1181.

[13] B.S. Harrison, T.J. Foley, M. Bouguettaya, J.M. Boncells, J.R. Reynolds, K.S.
Schanze, J. Shim, P.H. Holloway, G. Padmanaban, J.R. Krishnan, Appl. Phys. Lett.
79 (2001) 3770.

[14] Y. Kawamura, Y. Wada, Y. Hasegawa, M. Iwamuro, T. Kitamura, S. Yanagida,
Appl. Phys. Lett. 74 (1999) 3245.

[15] L.H. Slooff, A. Polman, F. Cacialli, R.H. Friend, G.A. Hebbink, F.CJ.M. Van Veggel,
D.N. Reinboudt, Appl. Phys. Lett. 78 (2001) 2122.

[16] J.F. Fang, H. You, J. Gao, W. Lu, D. Ma, J. Lumin. 124 (2007) 157.

[17] P.P. Sun, J.P. Duan, JJ. Lih, C.H. Cheng, Adv. Funct. Mater. 13 (2003) 683.

[18] D. Tzalis, Y. Tor, Angew. Chem., Int. Ed. 36 (1997) 2666.

[19] J. Frey, T. Kraus, V. Heitz, ]J.P. Sauvage, Chem. Commun. (2005) 5310.

[20] B. Schdfer, H. Gorls, S. Meyer, W. Henry, J.G. Vos, S. Rau, Eur. ]. Inorg. Chem.
(2007) 4056.

[21] C. Gozel, C. Sabatini, A. Barbieri, F. Barigelletti, R. Ziessel, Eur. J. Inorg. Chem.
(2008) 1293.

[22] F. Xu, Y.X. Peng, B. Hu, T. Tao, W. Huang, CrystEngComm 14 (2012) 8023.

[23] T. Cardinaels, ]. Ramaekers, P. Nockemann, K. Van Hecke, L. Van Meervelt, S.B.
Lei, S. De Feyter, D. Guillon, B. Donnio, K. Binnemans, Chem. Mater. 20 (2008)
1278.

[24] N. Sabbatini, M. Guardigli, I. Manet, Handbook on the Physics and Chemistry of
Rare Earths, Elsevier B.V., vol. 23, 1996, pp. 69-119.

[25] M. Pietraszkiewicz, Luminescent probes, in: D.N. Reinhoudt (Ed.),
Comprehensive Supramolecular Chemistry, Pergamon, Oxford, 1996, p.
225.

[26] RM.F. Batistaa, S.P.G. Costaa, M. Belsleyb, C. Lodeiroc, M.M.M. Raposo,
Tetrahedron 64 (2008) 9230.

[27] Siemens, SHELXTL, Version 6.10 Reference Manual, Siemens Analytical X-Ray
Systems, Inc., Madison, Wisconsin, USA, 2000.

[28] Y.X. Zheng, ]. Lin, YJ. Liang, Q. Lin, Y.N. Yu, Q.G. Meng, Y.H. Zhou, S.B. Wang,
H.Y. Wang, HJ. Zhang, ]. Mater. Chem. 10 (2001) 2615.

[29] R. Van Deun, P. Nockemann, C. Gorller-Walrand, K. Binnemans, Chem. Phys.
Lett. 397 (2004) 447.

[30] G.M. Davies, RJ. Aarons, G.R. Motson, J.C. Jeffery, H. Adams, S. Faulkner, M.D.
Ward, Dalton Trans. 9 (2004) 1136.

[31] H.Y. Li, J. Wu, W. Huang, Y.H. Zhou, H.R. Li, Y.X. Zheng, ].L. Zuo, J. Phys. Chem. A
208 (2009) 110.

[32] O.H. Park, S.Y. Seo, B.S. Bae, J.H. Shin, Appl. Phys. Lett. 82 (2003) 2787.

[33] G.Boulon, A. Collombet, A. Brenier, M.T. Cohen-Adad, A. Yoshikawa, K. Lebbou,
J.H. Lee, T. Fukuda, Adv. Funct. Mater. 11 (2001) 263.

[34] C. Reinhard, H.U. Giidel, Inorg. Chem. 41 (2002) 1048.

[35] C.L. Maupin, R.S. Dickins, L.G. Govenlock, C.E. Mathieu, D. Parker, J.A.G.
Williams, J.P. Riehl, J. Phys. Chem. A 104 (2000) 6709.

[36] M.H.V. Werts, R.H. Woudenberg, P.G. Emmerink, R.V. Gassel, ].W. Hofstraat,
J.W. Verhoeven, Angew. Chem., Int. Ed. 39 (2000) 4542.

[37] P. Lenaerts, K. Driesen, R. Van Deun, K. Binnemans, Chem. Mater. 17 (2005)
2148.



