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Abstract: A one-dimensional complex, [Gd,(PDC);(phen)(H,0) - H,0], (H,PDC=pyridine-3,4-dicarboxylic acid, phen

=1,10-phenanthroline), has been synthesized under hydrothermal conditions and characterized by elemental

analysis, IR, TG analysis, and X-ray single-crystal structure analysis. Crystallographic data for the title complex:
C3H,Gd,N5O, M =1 026.05, Triclinic, space group Pl1, a=0.751 07(15) nm, b=1.256 5(3) nm, ¢=1.8257(4) nm, a=
70.80(3)°, B=79.00(3)°, y=76.05(3)°, V=1.567 4(5) nm’, the final refinement gave R=0.022 4 and wR=0.047 5 for
4913 observed reflections with />20 (). The coordination polymer displays a 1D belt-like chain. The 1D chain

connected with adjacent chains through -7 stacking interaction of phen groups to form 2D layers, which are further

extended to a 3D supramolecular network through H-bonds interaction. CCDC: 671430.
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0 Introduction

Both the

coordination polymers as well as for their potential

structural and topological novelty of

applications as functional material in catalytic, conduc-
tive, luminescent, magnetic, non-linear optical or po-
rous materials have recently attracted great interest!”",
Thus far carboxylate networks have received a great

deal of attention due to their ability of both chelate to
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a metal ion and simultaneously bridge an adjacent
metal®. As a member of multicarboxylate ligand,
pyridine-3,4-dicarboxylic acid contains unique p-pyri-
dinedicarboxylate group and m-pyridinedicarboxylate
group, showing an excellent building block with charge
and multi-connecting ability!"”. Moreover, much atten-
tion has been drawn to the assembly of metal-organic
framework (MOF) and significant development has been

witnessed in high-dimensional coordination polymers
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containing d-block metals®*""? such as Mn, Co, and Zn
with pyridinedicarboxylic acid ligand", but those
with lanthanide complexes are less reported® !, Due to
their special abilities such as high coordination
number, special magnetic and fluorescence property,
lanthanide complexes is likely to bring unprecedented
crystal structures and unique properties™ . Therefore,
a further research in this area is still an attractive
target. Herein, we report a new complex of gadolinium
with both pyridine-3,4-dicarboxylic acid and 1,10-
phenanthroline ligands under hydrothermal synthesis.

1 Experimental

1.1 General

GdCl;-6H,0 was prepared by dissolving its corres-
ponding oxides in concentrated hydrochloric acid
followed by drying. All the other reagents were
commercially available and were used as received
without further purification. Elemental analyses was
determined with an Elemental Vario EL elemental
analyzer. IR spectra was (KBr pellets) recorded in the
4 000~400 cm™ range with a FTIR-8900 spectrometer.
Thermogravimetric analysis (TGA) were performed on a
TGA-7 instrument under a static air atmosphere with a
heating rate of 15 °C+-min™.
1.2 Preparation of [Gd,(PDC);(phen)(H,0) - H,0],

A mixture of GdCl;+6H,0 (0.2 mmol, 0.074 3 ¢),
pyridine-3,4-dicarboxylic acid (0.3 mmol, 0.050 2 g),

phen (0.3 mmol, 0.0595 g) and NaOH (0.6 mmol, 0.2
mol - L™, 3 mL) and H,0 (8.0 mL) was sealed in a 23mL
Teflon reactor, which was heated to 180 °C for 3 days
and then slowly cooled to room temperature at a rate of
10 C -h™". Colorless needle-like single crystal of the
title compound suitable for X-ray single crystal
diffraction was obtained. Yield 49.4% (based on Gd).
Anal. Caled. for C33HyGd,NsO(%): C 38.63, H 1.37, N
6.83; found (%): C 38.64, H 1.385, N 6.87. IR (KBr,
em™): 3435m(von), 1 6468@enphen)s 1 6028(1%c00), 1 5425
(¥ c00)s 14258 °co0)s 1 3958V con), 845m (Sciphen), 729m
(O Hghen)-
1.3 Crystal structure determination

A suitable needle-like crystal with dimensions of
0.08 mm x0.06 mm x0.02 mm was selected for data
collection on a rigaku saturn area detector diffractome-
ter with Mo K« radiation (A=0.071 073 nm) at 113(2) K.
The Lp factor and Semiempirical absorption correc-
tions were applied to the intensity data. The structure
was solved by direct methods. All non-hydrogen atoms
were refined anisotropically by full-matrix least-
squares methods. The hydrogen atoms were added
geometrically and not refined. All calculations were
performed using SHELX-97™. A summary of the
crystallographic data and refinement parameters are
given in Table 1. The selected bond lengths and
angles are given in Table 2.

CCDC: 671430.

Table 1 Crystallographic data for the title complex

Empirical formula C3H,Gd,NsO Calculated density / (Mg-m™) 2.174

Formula weight 1 026.05 F(000) 988

Temperature / K 113(2) Absorption coefficient / mm™ 4.281

Wavelength / nm 0.071 073 0 range for data collection / (°) 1.75~25.02

Crystal system Triclinic Limiting indices S8=sh=<8-4<k=<14-21<l=<2l
Space group Pl Reflections collected / unique (R;,) 16 021 /5 501 (0.030 4)
a/ nm 0.751 07(15) Completeness to 6=25.02° / % 99.80

b/ nm 1.256 5(3) Maximum and minimum transmission 0.919 3 and 0.725 8

¢/ nm 1.825 7(4) Data / restraints / parameters 5501 /37487

al(°) 70.80(3) Goodness-of-fit on F 1.054

B1(°) 79.00(3) Final R indices [I>20(])] R=0.022 3, wR,=0.0470
v /() 76.05(3) R indices (all data) R=0.026 2, wR,=0.049 0
V /o’ 1.567 4(5) Largest differences in peak and hole / (enm™) 907 and -510
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Table 2 Selected bond lengths (nm) and bond angles (°)

Gd(1)-0(1) 0.230 1(2) Gd(1)-0(4)#3
Gd(1)-0Q2)#2 0.238 8(2) Gd(1)-0(5)
Gd(1)-03)#3 0.260 0(2) Gd(1)-0(7)
Gd(2)-0(3)#3 0.246 5(2) Gd(2)-0(8)
Gd(Q2)-0(6)#3 0.239 6(2) Gd(2)-0(9)
Gd(2)-0(7) 0.254 9(2) Gd(2)-0(10)
0(1)-Gd(1)-0(1 85.48(9) 021#2-Gd(1)-0(13)#4
0(1)-Gd(1)-0( ) 77.28(8) 0Q)#2-Gd(1)-0(3)#3
0(1)-Gd(1)-0(7) 151.46(8) 02)#2-Gd(1)-0(13)
0(1)-Gd(1)-02)#2 85.61(9) 0Q)#2-Gd(1)-C(T)#3
0(1)-Gd(1)-0(4)#3 81.21(8) 0B3)#3-Gd(2)-0(7)
0(1)-Gd(1)-0(13)#4 74.43(8) 0B3)#3-Gd(2)-0(8)
0(1)-Gd(1)-03)#3 131.48(8) 0B3)#3-Gd(2)-N(5)
0(1)-Gd(1)-0(13) 136.73(8) 0(3)#3-Gd(2)-N(4)
0(1)-Gd(1)-C(7)#3 106.37(9) 0B3)#3-Gd(2)-C(15)
02)#2-Gd(1)-0(4)#3 138.64(8) 0B3)#3-Gd(2)-C(14)

0.250 6(3) Gd(1)-0(11)#1 0.235 2(2)
0.235 5(2) Gd(1)-0(13) 0.260 6(2)
0.235 7(2) Gd(1)-0(13)#4 0.255 0(2)
0.254 9(3) Gd(2)-0(12)#1 0.232 8(2)
0.241 2(3) Gd(2)-N(5) 0.258 4(3)
0.243 9(2) Gd(2)-N(4) 0.259 1(3)
72.20(8) 0(6)#3-Gd(2)-0(9) 118.97(8)
134.10(8) 0(6)#3-Gd(2)-0(10) 78.26(8)
69.25(8) 0(6)#3-Gd(2)-0(3)#3 74.55(8)
141.13(9) 0(6)#3-Gd(2)-0(7) 74.50(8)
66.67(8) 0(6)#3-Gd(2)-0(8) 95.31(9)
116.78(8) 0(6)#3-Gd(2)-N(5) 134.48(9)
142.96(9) 0(6)#3-Gd(2)-N(4) 76.54(9)
151.09(9) 0(6)#3-Gd(2)-C(15) 98.65(9)
81.31(9) 0(6)#3-Gd(2)-C(14) 84.09(9)
92.24(9)

Symmetry transformations used to generate equivalent atoms: #1: x—1, v, z; #2: —xv+1, —y+1, —z+2; #3: x+1, y, z; #4: —2+2, —y+1, —z42.

2 Results and discussion

2.1 Crystal structure of 1

The title compound displays a one-dimensional
chain structure along the « axis, in which the
asymmetric unit includes two gadolinium atoms, three
PDC ligands, one phen ligand, one coordination water
molecule and one lattice water molecule. As shown in
Fig.1, the two Gd centers exhibit different coordination
environments. Gdl is nine-coordinated by seven O
atoms(O(1), O2)#2, O(3)#3, O4)#3, O(5), O(7), O(11)
#1) from five different H,PDC ligands, and two O atoms
(0(13), O(13)#4) from two coordinated water molecul-
ars. Whereas Gd2 center is coordinated by seven O
atoms(O(3)#3, O(6)#3, O(7), O(8), 0(9), O(10), O(12)#1)
from five different PDC ligands, and two N atoms (N(4),
N(5)) from a phen ligand. The Gd1 and Gd2 atoms are
bridged by three PDC ligands to form a binuclear
Gd,(PDC);(phen) (H,0) subunits.
subunits connect head to head via coordination water
[013 and O13A] and two PDC ligands to form tetranu-
clear Gd, (3,4-pyda)s (phen), (H,0), subunits which are
interconnected by PDC ligands to form a 1D infinite
belt-like chain. The distances of the Gdl --- Gd2 and
Gd1---Gd1 are 0.410 4 nm and 0.435 6 nm, respectiv-

The two binuclear

ely. The phen molecules located at both sides of the
chain as wings. The two centroids of the adjacent 7
plane are referred to Cel and Celi (i: 2—x, 2—y, 1-z),
respectively, with the distance of Cel --- Celi is ca.
0.356 6 nm. The 1D structure connected with adjacent
chains via -7 stacking interaction of phen groups to

form 2D layers as shown in Fig.2, which are further

Fig.1 Coordinated conditions of Gd1 and Gd2

Fig.2

1D chain and 7-7 stacking interaction of the

title compound
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extended to 3D network through H-bonds with the free
water molecules and O atom of the PDC ligand
carboxylate or N atom of the PDC ligand as the
hydrogen-bonding donor and acceptor respectively, as
shown in Table 3.

It is noteworthy that the PDC ligand exihibits two
coordinated modes. First, one carboxylic group of PDC

ligand coordinates with Gd2 by adopting a bidentate-

chelating modes and bridges Gd1, while the other
carboxylic group of the same PDC ligand bridges Gd2
and Gd1, respectively. Second, one carboxylic group of
PDC ligand coordinates with Gd1l by adopting a
chelating and bridges Gd2, and the other carboxylic
group of the same PDC ligand bridges two Gdl,
respectively. It is interesting that pyridine nitrogen

atom does not participate in coordination.

Table 3 Hydrogen bond lengths and bond angles

D-H--A d(D-H) / nm d(H--A) / nm d(D-+A) / nm Z/DHA /()
0(13)=H(13A)---O(14)#1 0.084 9 02025 0.284 2 161.25
0(13)-H(13B)---0(6)#2 0.085 1 0.207 3 0.280 8 144.24
0(13)-H(13B)---O(3)#2 0.085 1 0.229 7 0.279 6 117.63
0(14)-H(14A)---O(4)#3 0.085 7 0.189 3 0.269 1 154.43
0(14)-H(14B)---N(2)#4 0.085 7 02117 0.290 1 151.69

Symmetry modes: #1: x, y, z+1; #2: x+1, v, z; #3: —x+1, —y+1, —z+1; #4: —x+1, —y+2, —z+1.

2.2 IR spectra

IR analysis shows that peaks appearing at 1 602
and 1542 em™ are attributed to the asymmetric vibra-
tions of carboxylate groups, The bands of 1 425 and
1395 em™ should be assigned to the symmetric vibra-
tions of carboxylate groups. The absorption peak of
1 646 cm™ correspond to the ring vibration, and 729,
845 ¢m™ are due to §(C-H) of phen ligand respectively.
The broad band at 3 435 cm™ belongs to the typical
band of hydroxyl group, confirming the presence of
water molecule in the compounds.

2.3 Thermal analysis

Thermogravimetric analyses of the title compound
was carried out at a heating rate of 15 °C +min~". TG
analysis shows that the compound first lost correspond-
ing two water molecules (observed 3.80%, calculated
3.51%) from 150 to 290 °C. Further weight loss, respon-
sible for all organic components (observed 59.95%,
calculated 61.16% ), was observed between 250 and
600 °C, The remaining weight of 36.00% corresponds to
the percentage (35.33%) of Gd and O components,
indicating that the final product is Gd,0s.

In summary, a 1D chain coordinated polymer
[Gd,(PDC)s(phen)(H,0) - H,O], has been synthesized
under hydrothermal condition. The 1D structure is
connected with adjacent chains via -7 stacking of

phen groups to form 2D layers, which are further

extended to 3D network. The PDC ligands play a key

role in extending the chains.
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