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Abstract—A new lanthanide—organic framework incorporating both substituted isonicotinic acid and
oxalate coligand has been fabricated successfully through solvo-thermal reaction, namely, {[Er(u,-
H,Minca)](n,-C,04 - 2H,0] - 2H,0},, (I) (H;Minca = 2-(hydroxyl)-6-methyl-isonicotinic acid, H,C,0, =
oxalate acid). Complex I exhibits two dimensional (2D) corrugated networks with a 63 topology, in which
{LnOg} polyhedron units are alternately linked through carboxylate and oxalate oxygen atoms into the 2D
sheet layer (CIF file CCDC no. 948026). Thermogravimetric and different thermal analysis measurements indi-
cate that I displays high thermal stability. Complex I also shows characteristic f/—ftransition luminescence emission

in NIR region.
DOI: 10.1134/S1070328414120136

INTRODUCTION

Over the last decades, the construction of lan-
thanide carboxylate based metal-organic frameworks
(Ln-MOFs) has been a field of rapid growth not only
for their intriguing architectures and topologies but al-
so for their applications in areas of catalysis, sorption,
separation, luminescence, magnetism, non-linear op-
tical property, etc. [1, 2], because of their special
chemical and physical properties arising from the
unique spectroscopic and 4felectronic. A large part of
these studies is concerned with homo- and het-
eropolymetallic compounds obtained using compart-
mental polydentate ligands and is motivated by optical
or magnetic properties or biological interest, and a va-
riety of multicarboxylate pyridimine/imidazoline/py-
ridine-based ligands have been extensively employed
for exhibiting various coordination fashions with mag-
netic and luminescent properties, and so on [3, 4]. At
the same time, oxalate, as the smallest dicarboxylate,
is rigid and coplanar, has a small stereo effect which is
beneficial for constructing MOFs [5]. Meanwhile, ox-
alate has been proved to be a good candidate for pillar
ligand due to its various bridging abilities and strong
coordination tendency to generate 1D to 3D moder-
ately robust networks, exhibiting tunable ferro or anti-
ferro-magnetic exchanges [6]. The oxalate within lan-
thanide carboxylate system can reduce or eliminate
water molecules from the coordination sphere of the
central ions, hence increasing the luminescent inten-

! The article is published in the original.

sity and lifetime of the materials [7]. The introduction
the electron donating species (e.g., methyl group) to
isonicotinic acid is expected to enhance the coordina-
tion ability of ligand and facilitate the electron transfer
within the compounds [6]. As a continuation of our
previous investigation [8], and in order to better un-
derstand the coordinating behavior and role of the ox-
alate in the self—assembly processes and the properties
in these systems, a new erbium-organic framework has
been isolated through the lanthanide salts reaction
with isonicotinic acid derivative under hydrothermal
synthesis condition.

EXPERIMENTAL

Materials and physical measurements. All reagents
used in the syntheses were of analytical grade and used
as received. Elemental analyses for carbon, hydrogen and
nitrogen atoms were performed on a Vario EL III ele-
mental analyzer. The infrared spectra (4000—400 cm™)
were recorded by using KBr pellet on an Avatar TM
360 E.S.P. IR spectrometer. Thermogravimetric anal-
yses (TGA) were performed under atmosphere with a
heating rate of 10°C/min~' using TGA/SDTAS851e.
The powder X-ray diffraction (PXRD) patterns were
measured using a Bruker D8 Advance powder diffrac-
tometer at 40 kV, 40 mA for Cuk|, radiation (A =
1.5418 A) with a scan speed of 0.2 s/step and a step size
of 0.02 (20). Luminescence spectra of the complexes
in solid state were carried out on a Cary Eclipse fluo-
rescence spectrophotometer.
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Table 1. Crystallographic data and experimental details for

compound I

Parameter Value
Formula weight 465.46
Temperature, K 293(2)
Crystal system Triclinic
Space group P
a, A 7.3640(5)
b, A 8.5482(6)
c, A 10.6487(7)
a, deg 106.6640(10)
B, deg 102.2210(10)
Y, deg 94.4670(10)
Volume, A3; Z 620.71(7); 2
Pealcas 8/cm’ 2.469
Absorption coefficient, mm™! 6.817
Index ranges —7<h<9,-11<k<11,
—13<1/<11
F(000) 442
6 Range for data collection, 2.06—27.50
deg
Independent reflections 2744
Observed reflections 3787
Refinement method Full-matrix least-squares
on F?
Data/restraints/parameters 2744/12/200
Goodness-of-fit on F 2 0.998
Rindex (I >2c([)) R, =0.0202,
wR, =0.0513
R index (all data) R, =0.0211,
wR, =0.0520
Largest diff. peak/hole, e A3 0.876/—1.594
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Synthesis of {[Er(u,-H,Minca)](p,-C,0,) - 2H,0] -
2H,0}, (). Organic ligand H;Minca (0.039 g,
0.2 mmol) and sodium oxalate dihydrate (0.029 g,
0.2 mmol) in a solution of water—DMF (V/V = 2.0,
10 mL) were mixed with an aqueous solution (10 mL)
of 0.1 mmol, (0.0439 g) Er(NO;);- 6H,0. After stir-
ring for 20 min in air, the pH value was adjusted to 5.5
with nitric acid, and the mixture was placed into 25 mL
Teflon-lined autoclave under autogenous pressure be-
ing heated at 150°C for 72 h, then the autoclave was
cooled over a period of 24 h at a rate 5°C/h. After fil-
tration, the product was washed with distilled water
and then dried, colorless crystals of I were obtained
suitable for X-ray diffraction analysis. For I, the yield
was 0.0144 g (34%) based on Er.

For C9H10N09Er
anal. calced., %:
Found, %:

C, 25.34;
C, 25.26;

H, 2.36;
H, 2.49;

N, 3.28.
N, 3.21.

IR (KBr; v, cm™'): 3402 br, 3342 s, 2946 s, 1621 s,
1532's, 1413 m, 1374 s, 1087 s, 929 v.s, 747 m, 668 s,
457 m.

X-ray structure determination. A single crystal of
the title complex (0.25 x 0.21 x 0.17 mm) was mount-
ed on a Bruker SMART APEX II CCD diffractometer
equipped with a graphite-monochromatized MoK,
radiation (L =0.71073 A) by using a ¢/ scan mode at
room temperature in the range of 2.35° < 0 < 25.49°.
Corrections for Lp factors were applied and all non-
hydrogen atoms were refined with anisotropic thermal
parameters. The structure was solved by direct meth-
ods with SHELXS-97 [9]. The hydrogen atoms were
assigned with common isotropic displacement factors
and included in the final refinement by use of geomet-
rical restrains. A full-matrix least-squares refinement
on F?was carried out using SHELXL-97 [10]. The fi-

nal R, = 0.0211, wR, = 0.0520, (w = 1/[cX(F>) +

(0.0296P2) + 1.5268P], where P = (F2 + 2F[3), S =
0.998, (AP)a = 0.876 and (Ap),,i, = —1.594 e/A3.
Crystallographic and experimental details are summa-
rized in Table 1. The selected bond lengths and bond
angles are listed in Table 2.

Supplementary material for structure I has been
deposited with the Cambridge Crystallographic Data
Centre (no. 948026; deposit@ccdc.cam.ac.uk or http://
www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

In the IR spectra of compound I, the presence of the
broad and strong characteristic stretches in frequency re-
gion of 3200—3450 cm™! are assigned to the characteris-
tic peaks of OH vibration of free water molecules. The
strong vibrations appeared around 1640 and 1390 cm™!
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Table 2. Selected bond lengths (A) and angles (deg) for complex I*

Bond d,A Bond d,A Bond d,A
Er(1)—-0(2)*! 2.250(3) Er(1)—O(1w) 2.324(3) Er(1)—0(5)*3 2.390(2)
Er(1)-0(1) 2.302(2) Er(1)—0(2w) 2.339(3) Er(1)—0(6) 2.440(3)
Er(1)—0(4) 2.322(3) Er(1)-0(7)*? 2.370(3)

Angle o, deg Angle ®, deg Angle o, deg
O(2)*'Er(1)0(1) 85.00(10) O(1)Er(1)O(1w) 149.51(10) || O(4)Er(1)O(2w) 146.74(10)
O(2)*'Er(1)0(4) 100.58(10) O(4)Er(1)O(1w) 139.06(9) || O(1w)Er(1)0(2w) 74.19(10)
O(1)Er(1)0O(4) 71.37(9) O(2)*'Er(1)0(2w) 78.45(10) || O(2)*'Er(1)0(7)*? 149.46(10)
O(2)*'Er(1)0(1w) 86.38(10) O(1)Er(1)0(2w) 75.45(10) || O(1)Er(1)0(7)*? 75.03(9)
O(4)Er(1)0(7)*? 94.72(10) O(1)Er(1)0(5)*3 130.31(9) O(7)*2Er(1)0(5)*3 136.17(9)
O(1w)Er(1)O(7)*? 99.15(10) O(4)Er(1)0(5)"3 68.94(9) || O(2)*Er(1)0(6) 143.34(10)
O(2w)Er(1)0(7)*? 74.35(10) O(1w)Er(1)O(5)* 74.51(9) O(1)Er(1)0(6) 124.46(10)
O(1w)Er(1)O(6) 77.18(10) C(1)O(1)Er(1) 131.4(2) C(9)O(6)Er(1) 118.6(2)
Ow)Er(1)0(6) 126.24(10) C(1)O(2)Er(1)*! 143.4(3) C(9)O(7)Er(1)*? 121.1(2)
O(7)*2Er(1)0(6) 66.53(9) C(8)O(4)Er(1) 118.8(2) O(4)Er(1)0(6) 73.49(10)
O(5)*3Er(1)0(6) 69.81(9) C(8)O(5)Er(1)*? 115.9(2)

O(2)*'Er(1)0(5)*3 74.31(9) O(w)Er(1)0(5)*3 139.34(9)

* Symmetry codes: x4 I,—y+1,—z+1; #2 —x, =y, —z+ 1; #3 —x,—y+1,—z+ 1.

correspond to the asymmetric and symmetric stretching
vibrations of the carboxylic group [11]. The strong ab-
sorption at ~2950 cm~! indicates the existence of methyl
group. In IR spectra, the peaks at ~1590 cm™! are as-

signed to the coordinated C2Of[ anions [12]. The ab-
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sence of strong bands ranging from 1690 to 1710 cm™! in-
dicates that the completely deprotonation of carboxylic
groups of pyridine carboxylic tectonic. The binuclear
units linked by H;Minca and oxalate ligands in com-
pound I are illustrated in Scheme:
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Fig. 1. The different coordination environments of Er’* ions in symmetric unit of L.

Single X-ray diffraction analysis reveals that com-
plex I is crystallizing in triclinic system with space

group of P1. They are all found to be lanthanide-or-
ganic polymers based on discrete binuclear lanthanide
carboxylate aggregates and one free water molecule.
As illustrated in Fig. 1, the asymmetric unit of I is
composed of an eight-coordinated Er3* cation, two
H;Minca ligands, two oxalate and one coordinated
waters, as well as one uncoordination water molecule.
In this unit, each H;Minca ligand provides two O at-
oms from the one carboxylic group to connect two ad-
jacent Er’*ions (see Scheme). The oxalate ligand acts
as bidentate and chelating ligand linking to two metal
nodes. The dihedral angle between the neighboring
oxalate ligands sharing the common erbium(III) ion is
73.02°. Interestingly, the pyridine-N and hydroxyl-O
do not coordinate to central ion. The remaining two
sites were occupied by oxygen atom of water mole-
cules, completing the distorted dodecahedral coordi-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 40

nation. Bond Er—O distances involving the central ion
(2.250(3) and 2.440(3) A) are closely similar to those
observed in several related lanthanide species [13].

The H;Minca has been deprotonated for carboxyl
groups, but an H atom was added to pyridine N bear-
ing one positive charge, and the hydroxyl group has
been deprotonated, so it is denoted as H,Minca™, cor-
respondingly. All H,Minca-anion ligands have the
same coordination mode with dangling lateral methyl
arms, employing carboxylic group doubly connecting
two Er3*ions to form a binuclear unit with the shortest
distance Er(IIT)-Er (IIT) of 5.109 A. The two carbox-
lylate connected two Er’*ions, resulting in an eight re-
membered chair-like ring. There is a unique bridging
oxalate ligand chelating the two adjacent Er’** ions in
binuclear unit via its oxygen atoms, connecting these
eight remembered rings, giving rise to a 1D ribbon in-
finite chain along the xz plane, as displayed in Fig 2a.
At the same time, the two neighboring Er** ions are al-
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so connected via oxalate oxygen to form a Er, diun-
clear unit with the Er-Er separation of 6.245 A. These
binuclear segments are further grafted on to the 1D in-
finite ribbon zigzag chain array along the crystallo-
graphic z axis (Fig. 2b). Moreover, the carboxlylate
from next H;Minca ligand acts as a linker, alternately
connecting these 1D chains into an interesting corru-
gated 2D lamellar sheet along xy plane, as displayed in
Fig. 3. The individual nets are undulated and sinusoi-
dal in nature [14].

In this sheet, six Er’* ions were alternately con-
nected by four oxalate and two carboxylates from
H;Minca to form a six remembered ring. This is nei-
ther similar to other reported transition metal com-
plexes, in which the central ions are connected
through ambient oxalate ligands to form honeycomb
homometallic layers [15], nor it is different from the
lanthanide complexes containing oxalatophospho-
nates, in which six Ln3* ions were linked through six
oxalate anions into a netlike {L.n(C,0,),} 24-member
ring in a layer [16]. However, when the binuclear Er,
unit doubly connected through carboxylic group is re-
garded as a three connected node, the whole structure
can be described as a uninodal 3-connected corrugat-
ed network, with 3, 6 hcb topology [17], and the point
symbol is 63, as shown in Fig. 4.

Carefully inspection of the structure reveals the adja-
cent 2D coordination networks are further interlinked by
hydrogen bonding interactions. These layers are further
stacked together and extended into 3D supramolecular
edifice through the strong interlayer hydrogen interac-
tions between carboxylic group and free water oxygen at-
oms from the adjacent 2D corrugated sheets, such as
(O(lw)—H(11)...0(3)*, 00 2.752(4) A, angle
O---H—0 123.8°), and the hydrogen bonding parame-
ters are listed in Table 3 for details.

The powder XRD patterns of compound I shows
strong peaks where 2 theta are 9.6, 13.7, 16.2, 18.8,
26.3, 32.9 degrees, respectively, which are well
matched with the simulation ones based on single-
crystal data analysis, and this indicates the bulk sample
of I obtained is in a pure phase. The thermal stability
of I was also explored by the thermogravimetric (TG)
and different thermal analysis (DTA) (Fig. 5). The
TGA diagram of I exhibits an initial mass loss of 13%
corresponding to start with the departure of one lattice
water as well as two coordinated water molecules in the
temperature about 220°C, and the decomposition of I
begins above 300°C, which is attributed to the release
of the oxalate groups 17.3% (calcd. 18.4%). Com-
pound I begins to decompose upon further heating
and underwent a rapid and significant weight loss of
32.8% beyond the temperature of 450°C, correspond-
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Fig. 2. Diamond illustration of the 1D ribbon chain con-
nected by oxalate in I along y (a) and x axises (b). The
H atoms and free waters are not included for clarity.

Fig. 3. Projective view of 2D corrugated layer consisting of
1D zigzag chain along xy plane.

Fig. 4. Illustration of 3-connected hcb topological network
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Fig. 5. TG—DTA curves for compound I.

ing to the destruction of the H,Minca organic ligands
(calced. 33.6%).

Taking into accounting the promising luminescent
properties of erbium complexes, photoluminescence
measurements of the ethanol suspension samples
(~0.001 mol/L) of I were investigated at room temper-
ature. As illuminated in Fig. 6a, it shows excitation lu-
minescence maximum at wavelength of 412 nm,
which is attributed to 1 — 7* and/or » — m* transi-
tion, upon photoexcitation with 380 nm, the title
complex exhibited emission spectra in the region from
1520 to 1660 nm (in near infrared region) with the max-
imum wavelength of 1538 nm (Fig. 6b). Thus, the emis-

Table 3. Geometric parameters of hydrogen bonds for com-
plex I'*

Distance, A Angle

D—H--A DHA,
D—H | H-A| D--A deg
O(1w)—H(11)--0(3)**| 0.84 | 2.19 |2.752(4) 124
O(1w)—H(12)--0(3)*| 0.84 | 2.02 |2.746(4) 145
O(2w)—H(22)---O(3w) | 0.84 | 1.93 [2.735(8) 159
O(2w)—H(22)---O(3w) | 0.84 | 1.95 [2.492(17)| 121
N(1)—H(1)---0(5)%® 0.88 | 2.14 |3.006(4) 167

* Symmetry transformations used to generate equivalent atoms:

Hoxt Ly, 2+ 1 Px— Ly, z— 5" x+ L,y + 1,z +2
(#1, #2, #3 see Table 2).
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Fig. 6. The liquid-state excitation (a) and emission (b)
spectra of sample I in methanol suspension at room tem-
perature in the near-IR region.

sion observed in the complexes is tentatively assigned to
the *I;,— *I;5), fluorescence of Er’* ion [18].
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