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A novel bimetallic 4f—3d metal-isonicotinic acid inorganic-organic hybrid complex
[Tby.5(CeNO,H5)3(H20)515, - (H30)4,(ZnCls),(ZnCly),, (1) is synthesized. It has a one-
dimensional polycationic chain-like structure. Photoluminescent investigation reveals that it
displays interesting emissions in the violet, blue, green, and yellow regions.
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The research of lanthanide complexes continues to be an active research area, which may be as-
cribed to their remarkable properties and potential applications as electroluminescent devices and lu-
minescent probes [ 1, 2 ]. For inorganic-organic hybrids, the intriguing variety of topologies that can
be obtained by self-assembling of metal ions and multifunctional ligands attracts chemists. Although
the synthesis of inorganic-organic hybrids based on transition metals has become widespread [ 3, 4 |;
there are relatively few reports on lanthanide inorganic-organic hybrids [ 5 ]. Furthermore, the isoni-
cotinate anion is a quite interesting tecton in constructing extended structures because it can link two
metal centers [ 6]. We suggest that LN—IIB (LN = lanthanide) inorganic-organic hybrids with aro-
matic carboxylic acids as ligands may have novel topologies and properties. So, we have recently be-
come interested in the crystal engineering of LN—IIB inorganic-organic hybrids with isonicotinic acid
as ligand. We report here the synthesis, structure, and luminescence of 1.

Experimental. Instrumentation. All reactants were obtained commercially and used without
further purification.

X-ray diffraction data were collected on Rigaku Mercury CCD X-ray diffractometer with graphite
monochromated MoK, radiation using a ® scan technique. CrystalClear software was used for data
reduction and empirical absorption correction. The structure was solved by the direct methods using
the Siemens SHELXTL™ V-5 package of crystallographic software. The structure was refined by
a full-matrix least-squares refinement on F~.

Synthesis. [Tbo.s(C6N02H5)3(H20)2]2,,'(H3O)4n(ZIlC15),,(ZIlCl4)2,, (1). The title complex was
prepared by mixing TbCl;-6H,O (1 mmol, 0.374 g), ZnCl, (1 mmol, 0.136 g), isonicotinic acid
(1 mmol, 0.123 g) and 10 ml of distilled water in a 25-ml Teflon-lined stainless steel autoclave and
heated at 180 °C for 7 days.

Results and discussion. Table 1 presents the crystal data. X-ray diffraction analysis reveals that
its structure consists of one [Tbgs(CsNO,Hs);(H,0),] 3’;* polycationic chain, H;O" cations, ch1§‘

and ZnClﬁ_ anions (Fig. 1). The Znl atom is tetrahedrally bound by four chlorine atoms to form
a ZnCl;" anion, while the Zn2 atom is coordinated by five chlorine atoms to form a ZnCI3~ anion.

In contrast to the numerous complexes containing ZnClﬁ_ anion [ 7—9], no complex containing
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Fig. 1. ORTEP plot of 1 with

35 % thermal ellipsoids. Lat-

tice water molecules and dis-

ordered CI5SB and CI7B are

omitted for clarity. The occu-

pancies of Tbl, Zn2 and CI7
are 0.5

ZnClg_ anion was reported thus far, although one complex containing the ZnClg_ anion has been re-
ported [ 10]. Therefore, it is the first time to document ZnClg_ moieties. The Zn-Cl bond lengths

range from 2.149(9) to 2.436(1) A (Table 2) with an average value of 2.269(9) A, which are normal and
comparable with the counterparts [ 11, 12]. The Zn2 atom is positionally disordered and the occu-
pancy of Zn2 must be set to 0.5 to get a rational structure model and thermal displacement parameters.

Table 1
Crystal Data
Empirical formula C36H50Cl3NO20TbZn;
Formula weight 1702.70
Crystal system Monoclinic
Space group C2/c
Unit cell dimensions a, b, ¢, A; B, deg. | 23.900(3), 20.5531(9), 15.285(1); 127.544(3)
Z 4
v, A’ 5953(1)
d,, g/em’ 1.900
Absorption coefficient, mm™ 3.024
Crystal size, mm 0.48%0.25%0.20
No. of reflections collected/unique 18131/5189 [Ryiny = 0.0248]
Goodness-of-fit on F* 1.031
Final R indices R, =0.0426, wR,=0.1150
R indices (all data) R, =0.0462, wR,=0.1182
(A/O)max 0.001
Table 2

Selected Bond Lengths (&)

Th(1)—O(1) |2.337(2) | Tb(1)—O(@5)  |2.311(2) | Zn(1)—CI(1) | 2.3144(7) | Zn(2)—CL(5) | 2.436(1)
Tb(1)—O(2)#1 | 2.298(2) | Tb(1)—0(6)  |2.321(2) | Zn(1)—C1(2) | 2.2672(9) | Zn(2)—CI(5)#2 | 2.197(1)
Tb(1)—O(3) |2.352(2) | Tb(1)—O(1W) | 2.465(2) | Zn(1)—CI(3) | 2.2664(8) | Zn(2)—CI(6) |2.262(2)
Th(1)—O0@4) |2.350(2) | Tb(1)—OQ2W) | 2.417(2) | Zn(1)—Cl(4) | 2.2679(8) | Zn(2)—Cl(7) | 2.149(9)

Symmetry code: #1 —x+1/2, —y+1/2, —z+1; #2 —x, y, —z+3/2.
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Fig. 2. Packing diagram of 1 with the dashed lines
representing hydrogen bonds (A)

The terbium atom is octahedrally coordinated by
eight oxygen atoms, yielding a distorted square
anti-prism. The Tb—Ojsonicotinicacia bond lengths
range from 2.298(2) to 2.352(2) A, which are
shorter than that of Tb—Oy,e: of 2.417(2) and
2.465(2) A, indicating that the isonicotinic acid
ligand has a stronger affinity to the Tb"™ ion. The
terbium atoms are alternately bridged by two or
four p,-isonicotinic acid ligands to construct a
1D polycationic chain. The 1D polycationic
chains, ZnCli_ moieties, ZnClg_ anions, and
water molecules are hydrogen bonded to yield a
3D network (Fig. 2).

Taking into account the excellent lumines-
cent property of the Tb®" ion, the luminescence
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was investigated (Fig. 3). The excitation spectra show that the effective energy absorption mainly
takes place in the long-wavelength ultraviolet, violet, and blue regions. The excitation bands under the
emission of 545 nm possess two main peaks. We further measured the corresponding emission spectra
by selective excitation with different excitation wavelengths, and they showed a similar emission posi-
tion except a small difference in intensities. The emission spectra show three bands under the excita-
tion of 355 nm (489 nm, 545 nm, and 588 nm) corresponding to the characteristic emission *Dy—'F,
transitions (J =6, 5, 4) of Tb*" ions. This indicates that effective energy transfer took place and that
conjugated systems formed between the ligands and chelated lanthanide ions. Among three character-
istic ’Ds—'F, transitions (J=6, 5, 4), the green luminescent intensity of the *Ds—'F’s transition is the
strongest. Except these emission bands, upon the photoexcitation of 355 nm, the fourth intensive band
with a maximum wavelength of 403 nm is found, which is stronger than the characteristic *Dy— F,
transitions (J = 6, 5, 4). This strong emission is tentatively assigned to the n—n* charge-transfer inter-

action of the isonicotinic acid ligands.

In conclusion, we have prepared a metal-isonicotinic acid inorganic-organic hybrid. The structure
features a novel 1D polycationic chain-like structure. The investigation on the luminescence shows
that it displays interesting emissions in the violet, blue and yellow regions.

Supplementary material. Crystallographic data for the structural analysis have been deposited
with the Cambridge Crystallographic Data Centre, CCDC No. 669716. Copies of this information may
be obtained free of charge from the Director, CCDC, 12 Union Road, Cambridge, CBZ 1EZ, UK (Fax:
+44-1223-336033; email: deposit@ccdc.cam.ac.uk or www:http://www.ccdc. cam.ac.uk).
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