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Abstract A rare earth ytterbium complex with 2,4,6-pyridine-
tricarboxylic acid (Hspta) has been synthesized by hydrother-
mal method, the formula is {[Yb,(pta),(H,O);]'H,O},. The
complex crystallized in monoclinic system, P2,/c space group
with lattice parameters a=11.6556(19)A, b=7.8364(12), c=
22.020(4), x=y=90°, $=92.120(3), Z=4, GOF=1.026, R1=
0.0334, wR2=0.0660. The pta anions connect four rare earth
Yb(III) ions with two different coordination modes. The com-
plex exhibit intense characteristic near-infrared luminescence
of Yb(IIT) ions at 990 nm with excitation of UV-rays.

Keywords 2,4,6-pyridinetricarboxylic acid - Fluorescence -
Near infrared - Ytterbium

Introduction

The Metal organic frameworks (MOFs) synthesized from
trivalent lanthanide cations and aromatic carboxylic acids
have attracted much attention due to their unique luminescent
properties and potential applications in the field of lumines-
cent materials [ 1-4]. Among them the photoluminescent prop-
erties in visible region of Sm(III), Eu(Il), Tb(III) and Dy(III)
complexes have received a huge amount of attention. Some of
them have good luminescent properties and attractive topo-
logical structure [5—10]. In recent years, the luminescent
materials with the emissions in near-infrared region attracted
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more and more researchers [11-16]. The emission of Nd(III)
and Yb(III) complexes is at about 1,064 and 980 nm, respec-
tively. They are promising probe for bioassays [17, 18] be-
cause human tissue is relatively transparent to near-infrared
light around 1,000 nm. The Er(Ill) complexes usually have
emission at about 1,550 nm. They have possible use in optical
amplifiers and datacom applications [19, 20]. The pyridinedi-
and tri-carboxylic acids are important organic linkers for con-
structing MOFs as the nitrogen atom can also coordinate with
center metal ions besides the oxygen atoms of carboxyl
groups. Much attention has been paid to this field [21-26].
Two series of lanthanide complexes with 2,4,6-pyridinetricar-
boxylic acid have been reported a few years before [27, 28]
and a 1D chain Yb(III) conplex has been reported [27].

In this paper, we used ytterbium chloride and 2,4,6-pyridine-
tricarboxylic acid as the reactants and synthesized a new ytterbi-
um complex with 2,4,6-pyridinetricarboxylate anion under
hydrothermal condition. The structure is completely different
from the reported one even if the metal ion and the ligand are
the same. It proves that reaction condition can seriously affect the
structure of complexes. The photoluminescent property was
studied and the results showed that the complex emit strong
characteristic fluorescence of Yb(IIII) ion in near-infrared region.

Experimental Section
Synthesis of the Ligand

2.,4,6-pyridinetricarboxylic acid was synthesized by oxidiza-
tion of 2,4,6-trimethylpyridine with potassium permanganate
[29]. Anal. Calced. for CgHsNOg (%): C, 45.51; H, 2.39; N,
6.63. Found: C, 45.74; H, 2.08; N, 6.49. Ytterbium chloride
was obtained by reacting hydrochloric acid with Yb,O5 ( >
99.99 % ) purchased from Grirem Advanced Materials Co.
Ltd. Beijing.
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Table 1 Crystallographic data for the titled complex

Empirical formula C16H12N20,6Yb,

Formula weight 834.36

T (K) 294(2)
Crystal system Monoclinic
Space group P2,/c

a/A 11.6556(19)
b/A 7.8364(12)
/A 22.020(4)
o/deg 90

B/deg 92.120(3)
v/deg 90

v (A% 2009.9(6)

VA 4

D (Mgm>) 2.757

p (mm " 9.344

F(000) 1,560
Crystal size (mm) 0.18x0.14x0.08
0 Ranges (°) 1.75 to 26.39

Max. and min. transmission 1.000000 and 0.545121

h/k/l —11/14, —9/9, —26</27

11028 / 4114 [R(int)=0.0635]
4114 /12 /325

Full-matrix least-squares on F>
GOF 1.026

Final R indices [I>2sigma(])] R1=0.0334, wR2=0.0660

R indices(all data) R1=0.0525, wR2=0.0718
Largest diff. peak and hole (e.A™) 1.945 and —1.950

Reflections collected / unique
Data / restraints / parameters

Refinement method

Preparation of {[Yb,(pta),(H,0)3;]-H,0},

A mixture of 2,4,6-pyridinetricarboxylic acid (0.2 mmol),
YbCl5'nH,0 (0.2 mmol) and deionized water (15 mL) was
placed in a 25 mL Teflon-lined bomb, which was heated to
180 °C for 72 h. After the mixture was cooled to room
temperature at a rate of 3 °C/h, colorless block crystals were
obtained in a 34 % yield. Anal. Calcd. for C;sH{2N>O14Yb,
(%): C, 23.03 ; H, 1.45; N, 3.36. Found: C, 22.62; H, 1.53;
N, 3.35. IR bands (KBr pellets, cm’l): 3373sb, 1,651 s,
1,618 s, 1,560 s, 1,444 s, 1,384 s, 1,348 m, 1,320 m,
1,278 m, 1169w, 1091w, 1029w, 943w, 819w, 776w,
738 m, 720 m, 693 m, 632w, 553, 448w.

General Characterization

Elemental analyses were performed in a Perkin-Elmer 240
analyzer. IR spectra were recorded with a Tensor 27 FTIR
spectrophotometer (KBr pellets, range in 4,000-400 cm ).
The fluorescence spectrum was tested on an FLS920 fluo-
rescence spectrophotometer at 77 K.
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X-ray Diffraction Analysis

The crystallographic data of the complex were collected
with a Bruker SMART 1000 CCD diffractometer. The dif-
fractometer is equipped with a graphite monochromator, and
Mo Ko radiation (A=0.71073 A) was used for experiment.
The structure was solved by direct methods with the
SHELXTL-97 programs [30] and refined by full-matrix
least-squares techniques against F°. All non-hydrogen
atoms were refined anisotropically and hydrogen atoms
located and refined isotropically. The crystallographic data
and structure refinement parameters for the complex were
given in Table 1 and the selected bond lengths and bond
angles were listed in Table 2.

Table 2 Selected bond lengths (A) and bond angles (°) for the complex

Yb(1)-0(14) 2.284(5) Yb(2)-0(12) 2.199(5)
Yb(1)-0(1) 2.301(5) Yb(2)-0(5)#3 2.214(5)
Yb(1)-0(9) 2.320(6) Yb(2)-0(11)#4 2.216(5)
Yb(1)-0(4)#1 2.321(5) Yb(2)-0(15) 2.278(5)
Yb(1)-0(13) 2.346(6) Yb(2)-0(3)#5 2.315(5)
Yb(1)-0(7) 2.377(5) Yb(2)-0Q2)#5 2.330(5)
Yb(1)-N(2) 2.410(6) Yb(2)-N(1)#5 2.423(6)
Yb(1)-O(7)#2 2.418(5)

0(14)-Yb(1)-0(1) 81.53(19) O(1)-Yb(1)-0(13) 143.90(18)
0(14)-Yb(1)-0(9) 72.17(19) 0(9)-Yb(1)-0(13) 79.6(2)
0(1)-Yb(1)-0(9) 85.18(18) O@)#1-Yb(1)-0(13) 70.94(19)
0(14)-Yb(1)-O(4)#1 78.74(19) O(14)-Yb(1)-0(7) 149.19(19)
0(1)-Yb(1)-O(4)#1 14450(18)  O(1)-Yb(1)-0(7) 83.63(17)
0(9)-Yb(1)-0(4)#1 11581(17)  O(9)-Yb(1)-0(7) 133.15(17)
0(14)-Yb(1)-0(13) 123.4(2) O@)#1-Yb(1)-0(7) 98.78(17)
0(13)-Yb(1)-0(7) 83.3(2) 0(15)-Yb(2)-0(3)#5 151.2(2)
0(14)-Yb(1)-N(2) 132.9(2) 0(12)-Yb(2)-0(2)#5 90.53(18)
0(1)-Yb(1)-N(2) 74.16(18) O(5)#3-Yb(2)-O2)#5 85.80(18)
0(9)-Yb(1)-N(2) 66.16(19) O(11)#4-Yb2)-OQ)#5  149.18(19)
O(4)#1-Yb(1)-N(2) 139.41(18)  O(15)-Yb(2)-O(2)#5 74.8(2)
0(13)-Yb(1)-N(2) 69.75(19) OB)#5-Yb(2)-O2)#5 131.62(19)
O(7)-Yb(1)-N(2) 67.01(19) 0(12)-Yb(2)-N(1)#5 88.3(2)
0(14)-Yb(1)-0(7)#2 82.22(19) O(5)#3-Yb(2)-N(1)#5 82.8(2)
0(1)-Yb(1)-O(7)#2 76.52(17) O(11#4-YbQ2)-N(1)#5  143.95(19)
0(9)-Yb(1)-O(7)#2 150.44(18)  O(15)-Yb(2)-N(1)#5 138.7(2)
O(4)#1-Yb(1)-O(7)#2 71.81(17) OG)#5-Yb(2)-N(1)#5 66.33(19)
0(13)-Yb(1)-O(7)#2 128.05(19)  OQ#5-Yb(2)-N(1)#5 65.32(18)
O(7)-Yb(1)-O(7)#2 68.11(19) 0(12)-Yb(2)-C(8)#5 86.4(2)
N(@)-Yb(1)-O(7)#2 12821(18)  O(5)#3-Yb(2)-C(8)#5 87.54(19)
0(12)-Yb(2)-0(5)#3 171.12) O(11)#4-Yb(2)-C®HS  96.84(19)
0(12)-Yb(2)-O(11)#4 98.1(2) O(15)-Yb(2)-C(8)45 165.6(2)
O()#3-Yb(2)-O(11)#4  89.14(19) OB)#5-Yb(2)-C(8)45 18.38(19)
0(12)-Yb(2)-0(15) 81.5(2) OQ)#5-Yb(2)-C(8)#5 113.25(19)
O(5)#3-Yb(2)-0(15) 105.3(2) N(1)#5-Yb(2)-C(8)#5 47.95(19)
O(11)#4-Yb(2)-0(15) 77.3(2) O(5)#3-Yb(2)-O(3)#5 90.0(2)
0(12)-Yb(2)-0(3)#5 86.4(2) O(11)#4-Yb(2)-03)#5  78.66(19)

Symmetry transformations used to generate equivalent atoms: #1 x, -y
+1/2,2- 1/2; #2 —x+2, -y, -z; #3 —x+2,y - 3/2, -z+1/2; #4 —x+1,y - 1/
2,-z+1/2;#5x,y- 1,z #6 X, y+1, z; #7 X, -y +1/2, z+1/2; #8 —x+2,y
+3/2, -z+1/2; #9 —<x+1, y+1/2, -z+1/2
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Fig. 1 a The ORTEP
representation of the complex
showing the coordination
environment of Yb(III) ions
with 30 % probability of
thermal ellipsoids. All the
hydrogen atoms were omitted
for clarity. b Three dimensional
networks constructed by pta
aions and Yb(III) ions

Crystallographic data for the complex have been depos-
ited at the Cambridge Crystallographic data centre, CCDC
Number is 705532. These data can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or
from the Cambridge Crystallographic Data Center, 12

a 0 M——0 o M——o— Mz
N
/0 =z 0\ o /N (o]
My | M, |
\ \
o 0—M, Mg—O 0—M,

Scheme 1 The two types of coordination modes of pta ligands in the
complex

Union Road, Cambridge CB21EZ, U. K.; fax: (+44) 1223-
336-033; or e-mail: deposit@ccdc.cam.ac.uk).

Results and Discussion
Structure Description

In the complex, there are two types of YDb(III) ions with
different coordination environment, as shown in Fig. la.
One (Yb(1)) is eight-coordinated and the other (Yb(2))
seven-coordinated. The pta ligands also show two coordi-
nation modes. The ligand connect four Yb(III) ions in each
modes, but the coordinated sites of pta are not completely
same, as shown in Scheme la and b. A 3D framework is
constructed with Yb(III) ions and pta ligands, as shown in
Fig. 1b.

@ Springer
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Fig. 2 The distorted
polyhedron formed by the
coordination atoms (a eight-
coordinated, dicapped trigonal
prism; b seven-coordinated,
pentagonal bipyramid. Oxygen
atoms, red; nitrogen atoms,
blue; Yb(III) ions, green)

For Yb(1), five of the coordination oxygen atoms (O(1),
O(7), O(9), O(4A) and O(7A)) are from carboxyl groups
and the Yb(1)-O bond lengths are 2.301(5), 2.377(5), 2.320
(6), 2.321(5) and 2.418(5) A, respectively; the other two
oxygen atoms (O(13) and O(14)) are from water molecules
and the bond lengths are 2.346(6) and 2.284(5) A, respec-
tively; the bond length of Yb(1)-N is 2.410(6) A. The bond
angles of O-Yb(1)-O range between 68.11(19)° and 150.44
(18)° and that of O-Yb(1)-N range between 66.16(19)° and
139.41(18)°.

For Yb(2), five of the coordination oxygen atoms (O
(2A), O(3A), O(5A), O(11A) and O(12)) are from carboxyl
groups and the Yb(2)-O bond lengths are 2.330(5), 2.315
(5), 2.214(5), 2.216(5) and 2.199(5) A, respectively; only
one coordinated water molecules (O(15)) is on Yb(2) and
the Yb(2)-O bond length is 2.278(5) A. The bond length of
Yb(2)-N is 2.423(6) A. The bond angles of O-Yb(2)-O
range between 74.8(2)° and 171.1(2)° and that of O-Yb(2)-
N range between 65.32(18)° and 143.95(19)°.

Yb(III) ions have two coordination numbers of 7or 8 for
the complex. The coordination atoms form different coordi-
nation polyhedron. For eight-coordinated Yb(1) ions, their
coordination atoms form a distorted dicapped trigonal
prism, shown in Fig. 2a. While for seven-coordinated Yb
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1000
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Fig. 3 Emission spectum of the complex with the excitation at 310 nm

@ Springer

(2) ions, the coordination atoms form a distorted pentagonal
bipyramid, as shown in Fig. 2b. Yb(IIl) ions are located
inside the two polyhedrons.

Photoluminescent Property

The fluorescence spectrum with solid sample for the com-
plex was determined in near-infrared region with the exci-
tation of UV-rays at 77 K, the emission spectra was shown
in Fig. 3. The complex display a strong emission band at
990 nm upon the excitation of 310 nm, and it is resulted
from the 2Fs;,—2F5, transition [31-33]. Strong lumines-
cence of the complex should be attributed to the high effec-
tive energy transfer from pta anion ligand to Yb(III) ions
[34, 35]. The mechanism of energy transfer of solid lantha-
nide complexes has been widely discussed to interpret their
luminescent properties [36—38]. When the triplet-state ener-
gy of the ligand is greater than or equal to the energy gap
between the excited state and ground state of lanthanide ion,
efficient luminescence could be obtained. From the results
we could conclude that the energy gap of Yb(III) ion is
lower than the triplet-state energy of pta ligand.

On the reference [13], the NIR-emitting Ln(III) ions are
particularly prone to vibrational deactivation. Species con-
taining high-energy oscillators, such as C-H and O-H
bonds are able to quench the lanthanides excited states
nonradiatively, leading to the lower NIR-luminescence in-
tensities. In the titled complex, one pta anion ligand has only
two C—H bonds, the energy lossed by them is relatively less.
It makes the complex emit strong fluorescence. Just like the
complex {[Yb(pta)(H,0);]-4H,O}, in previous literature
reported by us [27], it is also a complex formed by Yb and
pta anion ligand and display strong near infrared lumines-
cence. The Hjpta ligand used in the complex is a stable
organic acid (m.p. > 300 °C), and the complex also has high
thermal stability (m.p. > 300 °C). It is propitious to be used
as near infrared luminescent materials or promising probe
for fluoroimmuno-assays.

In summary, we have synthesized a new Yb(III) coordi-
nation compound by using 2,4,6-pyridinetricarboxylate
anions as the organic linker. The structure is completely
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different from the reported Yb(III) complex also with 2,4,6-
pyridinetricarboxylate ligand. It shows the reaction con-
dition have important affect to the structure of complex.
The ligand pta®” anion displays two coordination modes.
Furthermore, the Yb(III) complex shows its strong char-
acteristic fluorescence in near-infrared region at excitation of
UV-rays.
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