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Hydrothermal Synthesis, Crystal Structure and Luminescence Property of a
2D Eu(l Complex Based on 5-(Isonicotinamido)isophthalic Acid

DENG Yi-Fang CHEN Man-Sheng* ZHANG Chun-Hua KUANG Dai-Zhi CHEN Zhi-Min
(Department of Chemistry and Materials Science, Hengyang Normal University, Hengyang, Hunan 421008, China)

Abstract: The title complex, {{Eu(L)(HL)]-2H,0}, 1, where H,L.=5-(isonicotinamido)isophthalic acid, was synthes-
ized and its crystal structure was determined by X-ray diffraction analysis. The crystal is of monoclinic, space
group P2//c with a=1.344 02(18) nm, 6=1.377 50(18) nm, ¢=1.623 07(15) nm, B=115.820(8)°, V=2.704 9(6) nm’,
Z=4, M=757.45, D=1.860 g-cm~, u=2.396 mm™, F(000)=1504, R;,=0.0514, R,=0.0322, wR,=0.089 1. In the
complex, the central Eu(ll) atom is eight-coordinated by eight carboxylate oxygen atoms, completing a distorted

bicapped trigonal prismatic geometry. The molecules are connected to form a 2D bilayer structure bridged by 5-

(isonicotinamido)isophthalic acid. CCDC: 826595.
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In recent years, the chemistry of metal-organic frameworks, plentiful bridging ligands especially

coordination  polymers  exploiting  non-covalent multidentate ones are used. And the design and

interaction such as coordination bonds, hydrogen
bonding etc!"?, has received much attention due to
enormous variety of intriguing structural topologies and
the potential application in catalysis, adsorption and

photoelectronics **. In construction of metalorganic
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construction of aromatic carboxylate complex is one of
the most active areas in the materials researches.
However, much less work has been carried out to
investigate coordination polymers of 5-(isonicotinamido)

isophthalic acid®?. The introduction of one amide-
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pyridine group to isophthalic acid will contribute to rich
hydrogen bonds and construct the architecture of
supramolecular structure. Compared with the transition
metal coordination polymers, lanthanide coordination
polymers were less investigated.

In order to continue our studies on the lanthanide
complexes, we have chosen 5-(isonicotinamido)
isophthalic acid as ligand and investigated its reaction
with Eu(NOs);-6H,0. We report herein the synthesis,
crystal structure and property of the novel 2D bilayer

Eu(l) complex, {[Eu(L)(HL)]-2H,0}, (1).
1 Experimental

1.1 Materials and instruments

All the reagents and solvents were used as
commercial sources without further purification.
Elemental analyses for C, H and N were performed on a
Perkin-Elmer 240C analyzer. The IR spectra were
recorded on Shimadzu FTIR-8700 spectrophotometer
using KBr discs. Powder X-ray diffraction (PXRD)
patterns were obtained on a Shimadzu XRD-6000 X-ray
diffractometer with Cu Ka  (A=0.154 18 nm) radia-tion
at room temperature. The luminescent spectra for the
solid powdered samples were recorded at room
temperature on an Aminco Bowman Series 2 spectro-
photometer with xenon arc lamp as the light source. In
the measurements of the emission and excitation
spectra, the pass width was 4.0 nm. All the measure-
ments were carried out under the same conditions.

1.2 Synthesis of the title complex

The complex was hydrothermal synthesized under

autogenous pressure. A mixture of Eu(NO;);-6H,0
(0.225 g, 0.5 mmol), 5-(isonicotinamido)isophthalic
(0.286 g, 1.0 mmol), NaOH (0.041 g, 1.0 mmol) and
H,O/CH;OH (10 mL, 2:1) was heated in a 25 mL
capacity Teflon-lined reaction vessel at 140 °C for 3 d,
the reaction mixture was cooled to room temperature
over a period of 24 h. The product was collected by
filtration, washed with H,O and air-dried, yield 32%.
Molecular formula is CyH EuN,Oy,. Elemental analysis
cale(%): C, 44.36; H, 2.77; N, 7.39. Found(%): C,
44.39; H, 2.75; N, 7.32. Main IR bands (cm™): 3393 (s),
1675 (s), 1 606 (m), 1 556 (m), 1 528 (m), 1499 (w), 1 425
(m), 1383 (s), 1 324 (m), 1 068 (m), 790 (m), 674 (w),
594 (w).
1.3 X-ray crystallography

A colorless block crystal with dimension of 0.20
mmx0.14 mmx0.10 mm was selected for the measure-
ment. The diffraction data were collected at 296(2) K
on a Bruker Smart Apex I CCD diffractometer equ-
ipped with a graphite-monochromatized Mo Ko radia-
tion (A=0.071 073 nm). A total of 13 767 reflections
were collected in the range of 1.68° <6 <25.49° by
using an w-scan mode, of which 5016 were unique and
used in the succeeding structure calculations. The
structure was solved by direct methods and difference
Fourier syntheses. The non-hydrogen atoms were
refined anisotropically and hydrogen atoms were intro
duced geometrically. All calculations were performed
with  SHELXTL-2000 package.
structure refinement parameters are listed in Table 1.

CCDC: 826595.

Crystal data and

Table 1 Crystal data and structure parameters for the title complex

Empirical formula CosHyNJEUO A 4

Formula weight 757.45 Absorption coefficient / mm™ 2.396

Temperature / K 296(2) F(000) 1 504

Crystal system Monoclinic Crystal size / mm 0.20%0.14x0.10

Space group P2/c 0/°) 1.68 to 25.49

a/ nm 1.344 02(18) Limiting indices -losh<15-l6<k=<16-19</<16
b/ nm 1.377 50(18) Reflections collected / unique (R;,) 13 767 (0.051 4)

¢/ nm 1.623 07(15) Data / restraints / parameters 5016/0/406

B/ 115.820(8) Goodness of fit on F? 1.044

V/nm? 2.704 9(6) final R indices (I>201(1)) R=0.032 2, wR,=0.089 1
D./ (g-cm™) 1.86 Largest diff. peak and hole / (e-nm™) 1 220 and -679
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2 Results and discussion

2.1 Crystal structure of the title complex
The molecular structure of the title complex is
shown in Fig.1 and Fig.2, and the selected bond lengths

and bond angles are given in Table 2.

Symmetry code: A: 2—x, —1/2+y, 3/2-z; B: x, 1/2-y, —1/2+z; C:

2—x, =y, 1—z; All H,0 molecules and hydrogen are omitted for cla

rity
Fig.1 ORTEP view of the complex with displacement

ellipsoids of 30% probability

X-ray analysis reveals that the structure of the
complex 1 consists of infinite 2D bilayer {[Eu(L)(HL)]-
2H,0},. The asymmetric unit and metal coordination of
1 is shown in Fig.l. It is noteworthy that full
deprotonation of the carboxylate groups of the H,L
ligands in complex 1 is confirmed by IR spectral data,
since no strong bands nearby 1700 ¢cm™ are observed in
the IR spectra. However, the charge unbalance in the
resulted complex 1, therefore the pyridyl groups of one
I? - ligand is considered to be protonated and
accordingly the formula of the complex is written as
{[Eu(L)(HL)]-2H,0},. Each Eu(l)
coordinated and exhibits a little distorted bicapped

atom is eight-

Symmetry code: A: 2—x, —1/24y, 3/2-z; B: x, 1/2=y, ~1/2+z; C:

2x, =y, 1z

Fig.2 2D infinite network constructed by 1> along a axis,

all the pyridyl groups are omitted for clarity

trigonal prismatic geometry. That is to say, eight
carboxylate oxygen atoms from six ligands connect to
Eu (I atom forming the bicapped trigonal prismatic
arrangement with an average length in the range of
0.236 8(3)~0.265 2(3) nm. It is interesting that the
carboxyl groups of two unique L> (HL") ligands exhibit
the same coordination modes: namely one carboxylate
group coordinates to one Eu(lll) atoms in u;-n"n'-chelate
modes, the other coordinates to two Eu(ll) atoms in the
same ur-1':m' bi-monodentate modes, whereas all the
pyridyl groups are free of coordination. Based on the

coordination modes of the carboxylate groups of 1>

(HL"), a 2D bilayer network is formed (Fig.2).

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

Eu(1)-0(1) 0.243 6(3) Eu(1)-0(3A)
Eu(1)-0(6) 0.236 8(3) Eu(1)-0(8A)
Eu(1)-0(2) 0.265 2(3) Eu(1)-0(94)

0(1)-Eu(1)-0(6) 79.67(9) 0(2)-Eu(1)-0(94)

0(1)-Eu(1)-0(34) 146.63(10) 0(6)-Eu(1)-0(7C)
0(2)-Eu(1)-0(4B) 120.71(9) 0(4B)-Eu(1)-0(34)
0(2)-Eu(1)-0(84) 74.22(10) 0(4B)-Eu(1)-0(1)
0(2)-Eu(1)-0(6) 76.47(9) 0(4B)-Eu(1)-0(7C)
0(1)-Eu(1)-0(7C) 133.87(9) 0(8A)-Eu(1)-0(3A)

0.237 1(3) Eu(1)-0(4B) 0.245 3(3)
0.250 7(3) Eu(1)-0(7C) 0.238 3(3)
0.249 2(3)

82.05(9) 0(8A)-Eu(1)-0(7C) 82.45(9)
126.36(9) 0(8A)-Eu(1)-0(4B) 143.42(9)
123.94(10) 0(4B)-Eu(1)-0(6) 83.29(9)

71.1009) 0(6)-Eu(1)-0(94) 153.47(9)

75.05(9)

78.10(9)

Symmetry code: A: 2—x, —1/2+y, 3/2—z ; B: x, 1/2—y, =1/2+4z; C: 2—x, -y, 1—.
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Finally, the 2D bilayers packed together through
N-H---O and O-H---O hydrogen bonding interactions
(Table 3) to generate 3D framework, and these hydrogen

bonds also exist in the crystal packing diagram, which

further consolidate the structure.

Table 3 Parameters of hydrogen bonds for the complex 1

D-H--A d(D-H) / nm d(H-A) / nm d(D-A) / nm £D-H-A 7 (%)
N(1)-H(1)---O(1W)" 0.086 0.206 0.284 6(5) 151
O(1W)-H(IWA)---0(9)" 0.085 0.188 0.273 3(4) 177
N(2)-H(2)---0() 0.089 0.185 0.272 4(4) 171
O(1W)-H(1WB)---O(10)" 0.085 0.200 0.284 3(4) 171
0Q2W)-HQ2WA)---0(10)° 0.085 0.251 0312 3(5) 129
0Q2W)-HQ2WA)---0(4)" 0.085 0.236 0.292 3(5) 125
N(G3)-H3A)---02W)' 0.086 0215 0.295 3(5) 156
0Q2W)-HQ2WB)---0(1)! 0.085 0.210 0.295 5(4) 178

Symmetry code: " x, 1/2—y, 1/2+z; *
"2—x, =1/2+y, 3/2-z; ' —x, 1y, 1—2

2.2 Powder X-ray diffraction, thermogravimetric
analyses and photoluminescent property
PXRD was used to check the purity of 1. The
results show that all the peaks displayed in the
measured patterns at room temperature closely match
those in the simulated patterns generated from single-
crystal diffraction data, indicating single phases of 1 is

formed, as shown in Fig.3.

As-synthesized

Simulated

L)

10 20 30 40
20/ (°)

Fig.3 XRD patterns of complex 1
(TG) analyses

indicate that complex 1 looses its noncoordinated water

The results of thermogravimetric

molecules in the 20 ~160 °C temperature range. The
weight loss  (found) of 4.65% is consistent with that
calculated (4.75%). After the loss of the H,O molecules,
the 2D network is stable up to 335 C, followed by
another weight loss after that temperature.

On the other hand, complex 1 emits strong red

C=l4a, y, =14z =T, 12—y, =1/242;

O T4, L4y, 23 " 1=, 124y, 3/2—2;

fluorescence under ultraviolet light, therefore, the solid-
state visible luminescent property of 1 was investigated
at room temperature. Complex 1 displays red
luminescence (Fig.4) upon excitation at 362 nm, the
emissions at 595, 614, 650 and 692 nm are attributed to
the characteristic emissions of *Dy—"F,, *Dy—"F,, *Dy—
"F, and *Dy—"F}* transitions of the Eu(ll) ion . The
*Dy—"F, transition is a magnetic dipole transition,
and its intensity varies with the crystal field strength
acting on Eu(lll) ions. Moreover, the Dy—"F, transition
is an electric dipole transition and is extremely
sensitive to chemical bonds in the vicinity of Eu(lll) ion.
The intensity ratio ICDy—"F,)/I(°Dy—"F)) is equal to ca.
5.2, which also suggests the noncentrosy-mmetric
coordination environment of the Eu(lll) ions in 1151

10+
9]
8]
7]
61
5]
4]
3]
2]

sD—'F,

Intensity / a.u.

14 *D—'F,

O T T 1
550 600 650 700

Wavelength / nm

Fig.4  Photoluminescence spectra of complex 1 in

the solid state at room temperature
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