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A new heterometallic 4f-3d inorganic-organic metal-nicotinic acid complex [Gd(C6NO2H5)3(H2O)2]n(1.5nZnCl4)·nH2O,
(1), has been synthesised via hydrothermal reaction and structurally characterised. Complex 1 crystallises in the
space group P21/c of the monoclinic system with four formula units in a cell: a = 9.524(2), b = 20.888(4), c = 16.078(3)
Å  = 104.745(2)°, V = 3093.2(9) Å3, C18H21Cl6GdN3O9Zn1.50, Mr = 891.38 g/mol, Dc = 1.914 g/cm3, S = 0.997, (MoK ) =
3.844 mm-1, F(000) = 1732, R = 0.0493 and wR = 0.1350. Complex 1 is characteristic of a one-dimensional polycationic
chain-like structure. Photoluminescent investigation shows that the title complex displays strong emission in the
blue region, which is attributed to the intraligand – * transition of nicotinic ligands. Optical absorption spectra of 1

reveal the presence of a wide optical bandgap of 3.73 eV.
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on a computer-controlled JY FluoroMax-3 spectrometer. The UV/vis
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Synthesis of [Gd(C6NO2H5)3(H2O)2]n(1.5nZnCl4)·nH2O (1):
3·6H2O (1 mmol,

0.372 g), ZnCl2 (1 mmol, 0.136 g), nicotinic acid (1 mmol, 0.123 g)

(based on zinc). IR peaks (KBr, cm 1

688(m), 623(m), 547(m) and 419(m).
X-ray structure determination:

monochromated Mo– radiation (

and empirical absorption corrections.16
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no. CCDC 679177. Copies of the data can be obtained free of charge
on application to CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (fax: (44) 1223 336-033; e-mail: deposit@ccdc.cam.ac.uk).
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Results and discussion

1 1 consists
of [Gd(C6NO2H5)3(H2O)2]n

3n+
4

2– anions

4
2– anion. In the ZnCl42– anion,

18-21 The Zn2 atom is

get a rational structure model and thermal displacement parameters.

x, 1–y, –z),
O(4)(–x, 1–y, –z) and O(1W), O(2)(–1–x, 1–y, –z), O(2W), O(1)

nicotinic acid range from

being of 2.495(3) and

to GdIII

independent nicotinic acid ligands act as bidentate ligands to bridge

other references.22-25

2-nicotinic acid ligands in a 2–4–2 (the number
indicates the number of the bridging nicotinic acid ligands) mode

ca 5.157

26-29

(Scheme 1a).30

complexes containing both LN and nicotinic acid. In 1

6NO2H5)3(H2O)2]n
3n+

chains, ZnCl42–

30

Optical absorption spectrum of 1 reveals the presence of an obvious
1 is

edge for 1 is indicative of the existence of direct transitions.31 The
1

Table 1 Summary of crystallographic data and structure
analysis for 1

Formula C18H21Cl6GdN3O9Zn1.50
FW 891.38
colour Colourless
Crystal sise/mm3 0.34 0.12 0.06
Crystal system Monoclinic
Space group P21/c
a (Å) 9.524(2)
b (Å) 20.888(4)
c (Å) 16.078(3)

(°) 104.745(2)
V (Å3) 3093.2(9)
Z 4
2 max (°) 50
Reflections collected 18325
Independent, observed reflections (Rint) 5295, 3784 (0.0324)
dcalcd. (g/cm3) 1.914

(mm 1) 3.844
T (K) 293(2)
F(000) 1732
R1, wR2 0.0493, 0.1350
S 0.997
Largest and Mean / 0.001, 0

(max/min) (e/Å3) 1.786/-1.689

Table 2 Selected bond lengths (Å) and bond angles (°)

Gd1–O1 2.367(3)  O2#2–Gd1–O1  98.7(1)
Gd1–O2#2  2.331(3)  O4#1–Gd1–O1  144.5(1)
Gd1–O3 2.378(3)  O6#1–Gd1–O3  73.6(1)
Gd1–O4#1  2.366(3)  O2#2–Gd1–O3  142.5(1)
Gd1–O5 2.424(3)  O4#1–Gd1–O3  123.5(1)
Gd1–O6#1  2.325(3)  O1–Gd1–O3  77.4(1)
Gd1–O1W  2.495(3)  O6#1–Gd1–O5  119.4(1)
Gd1–O2W  2.514(3)  O2#2–Gd1–O5  79.9(1)
Zn1–Cl1 2.258(2)  O4#1–Gd1–O5  74.5(1)
Zn1–Cl2 2.279(2)  O1–Gd1–O5  140.8(1)
Zn1–Cl3 2.272(2)  O3–Gd1–O5  80.6(1)
Zn1–Cl4 2.264(1)  Cl1–Zn1–Cl4  107.97(6)

Cl1–Zn1–Cl3  112.86(7)
O6#1–Gd1–O2#2  143.7(1)  Cl4–Zn1–Cl3  110.94(6)
O6#1–Gd1–O4#1  76.1(1)  Cl1–Zn1–Cl2  108.42(7)
O2#2–Gd1–O4#1  81.0(1)  Cl4–Zn1–Cl2  110.95(6)
O6#1–Gd1–O1  84.7(1)  Cl3–Zn1–Cl2  105.69(6)
Symmetry codes: #1 –x, –y+1, –z; #2 –x–1, –y+1, –z.

LN LN LN LN LN LN LN LN

(a) (b)

or =

O O

N

LN = lanthanide

Scheme 1 Important chain-like structural types of nicotinic
acid bridging LN centres: (a) 2–1–2 and (b) 2–4–2 types, in
which the number indicates the number of the bridging

nicotinic acid ligands.
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Fig. 1 ORTEP drawing of 1 with 30% thermal ellipsoids.
Lattice water molecules, hydrogen atoms and disordered
Zn2B, Cl5B, Cl6B atoms are omitted for clarity. The occupancy
of the sum of Zn2A and Zn2B is equal to 0.5. [Symmtry codes:
#1 –1–x, 1–y, –z; #2 –x, 1–y, –z].

Fig. 2 The 1D poly-cationic chain-like structure of 1.
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ligands to the conduction band of the zinc centre, similar to those
reported.32

complex 1
The solid-state luminescence of 1

temperature (Fig. 5). The solid-state excitation spectra of the title

in the ultraviolet region of the range 300–400 nm. The excitation
band of complex 1 possesses one main peak at 353 nm. We further

the nature of the luminescence of 1, the luminescent spectra of pure

luminescent spectra of 1 and pure nicotinic acid suggests that the
emission spectra of 1
transition of nicotinic acid ligand. The absence of the characteristic
emissions of Gd3+ and the existence of the ligand-based emissions in
the luminescent spectra of 1 implies that nicotinic acid ligand is not
suitable for the sensitisation of the Gd3+ ion. In addition, the absence
of the characteristic emissions of Gd3+ 3+

material.
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