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The reaction of Cu(NO3),-3H,0 with N',N2-di(pyridin-
4-yl)oxalamide (L) and KSCN in the presence of DMF
by the layering method gives rise to a new complex
[Cu(Ly)(SCN)(DMF);],, (1). Complex 1 has been charac-
terized by single-crystal and powder X-ray diffraction, IR
spectroscopy, and elemental and thermogravimetric analyses.
It crystallizes in the triclinic system with space group P1 and
shows a chain structure. Delicate N-H---O hydrogen bond-
ing exists in individual units, and adjacent chains are linked
by intermolecular interactions, resulting in an extended 2D
network.

Key words: Cu(Il), Coordination Polymer, Structural
Characterization

Introduction

The rational design and synthesis of coordination
frameworks have recently attracted remarkable atten-
tion in view of their diverse structures and topolo-
gies as well as potential applications in many fields
such as heterogeneous catalysis, ion-recognition, non-
linear optics, and molecular adsorption [1-3]. Up
to now, a great number of metal-organic frame-
works (MOFs) have been deliberately prepared [4 —6].
The assembling strategies of coordination architec-
tures involve the design of organic building blocks
and the employment of certain metal centers [7—9].
Hitherto, extensive research has been carried out
to manage these factors, including the coordina-
tion geometry of the metal center, the intrinsic na-
ture of the organic ligand, and experimental con-
ditions such as acidic or basic media for the re-
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Fig. 1. Schematic drawing of the ligand L.

action system, reaction solvent, and temperature, as
well as the metal-to-ligand ratio to achieve struc-
tural diversity [10— 12]. Among the above mentioned
influential factors, the nature of the organic ligand
has been documented as crucial in the formation
of supramolecular coordination compounds [13, 14].
Among the much employed organic ligands, N- and/or
O-donor multidentate compounds are regarded as ex-
cellent building blocks for the construction of selected
frameworks [15, 16].

In our previous study, we used a series of
semirigid N- and O-donor ligands, for exam-
ple 5-(1H-benzotriazol-1-ylmethyl)isophthalic acid, 5-
(benzimidazol-1-ylmethyl)isophthalic acid, and 3,5-
bis(2-pyridylmethyl)aminobenzoic acid to construct
supramolecular coordination compounds [17—19].
Based on these studies, we have recently been focus-
ing our attention on the utilization of the rigid lig-
and N',N2-di(pyridin-4-yl)oxalamide (L) as an organic
block to react with various metal salts under appropri-
ate synthetic conditions. L is a neutral bidentate ligand
(Fig. 1). We aim at employing this ligand to assemble
complexes with porous frameworks in the presence of
other anions such as SCN™ and N3~, which always
help to avoid blocking the porous frameworks. The
amide moieties -NH-CO- in the ligand L are expected
to show special affinity to CO, gas [20, 21]. Therefore,
it can be used in the exploration of gas storage materi-
als. We report herein the synthesis and structural char-
acterization of [Cu(L;)(SCN),(DMF),],, (1).

Results and Discussion
Preparation

The reaction of Cu(NOs),-3H,O with N!,N2-
di(pyridin-4-yl)oxalamide (L) and KSCN in the pres-
ence of DMF via the layering method affords the com-
plex [Cu(L;)(SCN),(DMF),], (1) which is stable in
air.
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Fig. 2 (color online). (a) The coordination environment of the Cu(Il) ions in 1 with displacement ellipsoids drawn at the 30 %
probability level. The hydrogen atoms are omitted for clarity; (b) the 1D structure of 1; (c) view of the double-chain structure
in 1; (d) view of the 2D network of 1 extended by hydrogen bonding interactions.

Structural description of [Cu(Ly)(SCN)2(DMF )3 ], (1)

Determination of the structure of complex 1 by X-
ray crystallography has shown that it crystallizes in the
triclinic crystal system with space group P1 and Z =2
(Table 1).

As shown in Fig. 2a, in the asymmetrical unit of
complex 1 there are two different Cu atoms (Cul and
Cu2), two halves of L, two SCN™, and two DMF
molecules. Each Cu(Il) cation resides on an inversion
center and is six-coordinated by two nitrogen atoms
from two different L ligands, two oxygen atoms from
two different DMF molecules, and two nitrogen atoms
from two coordinated SCN™ anions to furnish an elon-
gated octahedral coordination geometry [CuN4O;].

Due to the inversion symmetry, the six coordinat-
ing atoms around each Cu(Il) cation can be grouped
into equivalent sets [Cu(1)-O(1) = 2.518(3) A, Cu(l)-
N(1) = 2.029(3) A, Cu(1)-N(3) = 1.941(4) A] and
[Cu(2)-0(3) = 2.486(3) A, Cu(2)-N(5) = 2.040(3) A,
Cu(2)-N(7) = 1.950(4) A] (Table 2). The Cu—O bonds
around each Cu(Il) are conspicuous for their distances.
These elongated axial lengths may originate from the
Jahn-Teller effect based on the consideration of the
electronic degenerate ground state of Cu(Il) ion with
d’[(t2¢)®(e,)?] electron configuration [22 —26].

The ligand L acts as a linear bidentate bridging
ligand. The SCN™ counterions adopt a monodentate
coordination mode: N atoms are coordinated, and S
atoms are free of coordination. Cu(Il) ions and L
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Table 1. Crystal structure data for complex 1.

Empirical formula CpoH4NgO4S,Cu
M, 568.13

Crystal size, mm> 0.20 x 0.20 x 0.20
Crystal system triclinic

Space group P1

a, A 9.1258(8)

b, A 10.0512(9)

¢, A 15.5257(14)

o, deg 108.8310(10)

B, deg 100.334(2)

7, deg 98.9100(10)

v, A3 1290.9(2)

Z 2

Deaica.» g em™? 1.46

u(MoKg), cm™! 1.1

F(000), e 586

hkl range —11 — +6, £12, —19 — +18
Omax. deg 2.15-25.80

Refl. measured /unique/Rjn 6983,/4860/0.0035
Param. refined 323

R1 (F)*/wR2 (F?)° (all refls.)  0.0648/0.1441
GoF (F?)° 1.025

Apgn (max,/min), e A—3 0.49/ —0.40

T R1 = 3||Fy| — |Fe|| ZIFo|; ® wR2 = [Zw(Fy — F2)? /Zw(F3)*)'/2,
w = [62(F2) + (AP)?> + BP]™!, where P = (Max(F2,0) +2F?2)/3;
¢ GoF = [ZW(FO2 — Fcz)z/(nobS — Nparam)] 172

As-synthesized

Intensity (a. u)
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N
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Fig.3. Calculated and observed PXRD patterns of com-
plex 1.

ligands are interconnected to yield a 1D structure
(Fig. 2b). Among adjacent chains, the Cu---Cu sepa-
ration amounts to 8.269 A. Apart from coordinative
bonding, hydrogen bonds are available in the com-
plex (Table 3). In the crystal, there exist two dif-
ferent chains (one contains Cul and the other one
Cu2), which are extended into double-chains through
N(2)-H(2N)---O(3) interaction (Fig. 2c). An extended
2D network is formed by further interlinkage of the
double-chains (Fig. 2d).
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Fig. 4. TGA curves of complex 1.

Table 2. Selected bond lengths (A) and angles (deg) for com-
plex 12.

Cu(1)-0(1) 2518(3) Cu(2)-0(3) 2.486(3)
Cu(1)-N(3) 1.940(4)  Cu(1)-N(1) 2.029(3)
Cu(2)-N(5) 2.0393) Cu(2)-N(7) 1.950(4)
O(1)-Cu(1)-N(1)  90.41(13) O(3)-Cu(2)-N(5)  90.83(11)
O()-Cu(1)-N(3)  92.12(14) N(5)-Cu(2)-N(7)  90.30(14)
O(1)-Cu(1)-N(3)#1  87.88(14) O(3)-Cu(2)-N(7)  89.73(13)
N(1)-Cu(1)-N(3)#1  89.79(14) O(1)-Cu(1)-N(1)#1 89.59(13)
0(3)-Cu(2)-N(5)#2  89.17(11) O(3)-Cu(2)-N(7)#2 90.27(13)
N(5)-Cu(2)-N(T)#2  89.71(14)

4 Symmetry transformations used to generate equivalent atoms: #1
—x, 1=y, 1—-z#21-x,1-y, —z

Table 3. Hydrogen bonding data for complex 12.

D-H--A d(D--A)(A)  /D-H-A (deg)
[Cu(L2)(SCN),(DMF), ], (1)

N(2)-H(2N)--O(2)#1 2.689(4) 107
N(2)-H(2N)--0(3)#2 3.005(5) 157
N(6)-H(6N)--S(1)#3 3.624(4) 154
N(6)-H(6N)---O(4)#4 2.687(4) 108

% Symmetry transformations used to generate equivalent atoms: #1
—1—x, =y, —z#2 —x, 1 -y, —z;#3 1 +x,y,z;#4 2 —x,2—y, 1 —z.

PXRD and thermal stability of complex 1

The phase purity of 1 could be proven by powder X-
ray diffraction (PXRD). As shown in Fig. 3, the PXRD
pattern of the as-synthesized sample is consistent with
the simulated one.

Thermogravimetric analysis (TGA) was carried out
for complex 1, and the result is shown in Fig. 4.
There is a steep weight loss of 25.5% from 116 to
166 °C corresponding to the release of coordinated
DMF molecules (caled. 25.7 %). The decomposition of
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the framework of 1 can be observed at 245 °C. The
continuous decomposition terminates at 650 °C with
a total weight loss of 85.8%, which is in agreement
with the total weight loss calculated for the decompo-
sition leading to the formation of CuO (86.0 %) as final
residual.

Experimental Section

All commercially available chemicals were of reagent
grade and used as received without further purification. The
ligand L was synthesized via the experimental procedure re-
ported in the literature [27]. Its crystal structure has been re-
ported previously [28]. Elemental analyses of C, H, and N
were taken on a Perkin-Elmer 240C elemental analyzer. In-
frared spectra (IR) were recorded on a Bruker Vector22 FT-
IR spectrophotometer using KBr pellets. Thermogravimetric
analysis (TGA) was performed on a simultaneous SDT 2960
thermal analyzer under nitrogen atmosphere with a heat-
ing rate of 10 °Cmin~'. Powder X-ray diffraction (PXRD)
patterns were measured on a Shimadzu XRD-6000 X-ray
diffractometer with CuKg, (A = 1.5418 A) radiation at room
temperature.

Preparation of [Cu(Ly)(SCN)2(DMF )], (1)

The title complex was prepared by the layering method.
A buffer layer of a CH;OH/DMEF (1 : 1) solution (8 mL) was
carefully layered over a solution of L (24.1 mg, 0.1 mmol)
and KSCN (9.7 mg, 0.1 mmol) in DMF (5§ mL). Then a so-
lution of Cu(NO3);,-3H,0 (12.5 mg, 0.05 mmol) in CH3;0H
(3 mL) was layered over the buffer layer. Green block-shaped
crystals were obtained after 2 weeks in 60 % yield based on
L. — CyoH24Ng04S,Cu (568.13): caled. C 42.28, H 4.26, N

19.72; found C 42.16, H 4.45, N 19.90%. — IR (KBr pellet,
em™1): v = 3336 (m), 2098 (s), 1709 (s), 1658 (m), 1613(s),
1580 (s), 1512 (s), 1484 (s), 1421 (s), 1393 (w), 1333 (s),
1284 (m), 1211 (s), 1146 (m), 1105 (w), 1064 (w), 1022 (m),
881 (m), 827 (m), 799 (W), 658 (m), 552 (m), 493 (m).

X-Ray structure determination

The crystallographic data collection for complex 1 was
carried out on a Bruker Smart ApexIl CCD area detector
diffractometer using graphite-monochromatized MoKy, ra-
diation (A = 0.71073 A) at 293(2) K. The diffraction data
were integrated using the program SAINT [29], which was
also used for the intensity corrections for Lorentz and polar-
ization effects. Semi-empirical absorption corrections were
applied using the program SADABS [30]. The structure of 1
was solved by Direct Methods, and all non-hydrogen atoms
were refined anisotropically on F2 by the full-matrix least-
squares techniques using the program SHELXL-97 [31-33].
In 1, all hydrogen atoms at C atoms were generated geomet-
rically. The hydrogen atoms at N atoms could be found at
a reasonable position in the difference Fourier maps. The de-
tails of crystal parameters, data collection, and refinements
are summarized in Table 1, selected bond lengths and angles
are listed in Table 2.

CCDC 1011518 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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