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Introduction

Organic-inorganic hybrid salts represent undeniably an important class of advanced materials that have attracted widespread attention within the field of crystal engineering [1][2][3]. They are composed of cationic organic and anionic inorganic building units. As a result of structural integration of organic cations and inorganic counterparts, molecular electronic and spintronic [4], peculiar magnetic [5,6], optical [7,8], metallic conductivity [9] and catalytic properties [10] have arisen in this class of compounds. Moreover, these materials may be used as model compounds for ferroelectric and ferroelastic applications [11,12]. In such salts, self-assembly processes are governed not only by intrinsic features of each ionic component, but also by non-covalent interactions including hydrogen bonds, ionic interactions, π-π and/or van der Waals interactions [13,14].

Hybrid salts involving bis(oxalato)cuprate(II) complex anions, [Cu(C 2 O 4 ) 2 ] 2-, and organic entities as counter cations have attracted great interest in recent years due to their rich physical properties as well as their fascinating structural architectures and topologies [15][16][17][18].

Although several salts of general formula A 2 [Cu II (C 2 O 4 ) 2 ]•xH 2 O (A + = aromatic iminium cation, 0 ≤ x ≤ 5) have been explored to date, the predictability and consistent formation of their networks is still in its infancy, given that bis(oxalato)cuprate(II) entities are versatile building blocks [19,20]. In most cases, the network topologies are influenced by the organic counter-cations, metal coordination spheres, pH values, guest molecules and crystallization solvents [19][20][21]. This flexibility of the structural topology in (organic cation)oxalatocuprate(II) compounds bears testimony to the renewed interest in their coordination chemistry.

Along the line of our progressing research program, we recently reported two copper(II) hybrid salts, viz. bis(guanidinium) bis(oxalato)cuprate(II), (CN 3 H 6 ) 2 [Cu(C 2 O 4 ) 2 ] and bis(2aminopyridinium) bis(oxalato)cuprate(II) trihydrate, (C 5 H 7 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•3H 2 O with straight and zigzag chain alignments of Cu(II) centers [22]. In connection with these findings confirming the considerable structural flexibility of [Cu(C 2 O 4 ) 2 ] 2-anions, we have been investigating other members of this family of hybrid salts with a view not only to produce new materials, but also to unravel the subtle structural and magnetic features that characterize these solids. In the present work, we report two novel bis(oxalato)cuprate(II) hybrid salts,

namely (C 5 H 7 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O (1) and (C 7 H 11 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•5H 2 O (2) (C 5 H 7 N 2 = 3- aminopyridinium and C 7 H 11 N 2 = 2-amino-4,6-dimethylpyridinium).
In these compounds, the oxalate ligand exhibits different coordination modes, leading to weak antiferromagnetic and weak ferromagnetic interactions in 1 and 2, respectively.

Experimental

Materials and methods

All the chemicals were purchased from commercial sources and used without further purification. The precursor salt (NH 4 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O was prepared as described in the literature [23]. Elemental analyses (C, H and N) were performed using a Perkin-Elmer 240C analyzer. IR spectra (4000-400 cm -1 ) were recorded using an Alpha-P Bruker FT-IR spectrometer where KBr was used as medium. UV/Vis spectra were performed with a Perkin-Elmer Lambda 900 spectrophotometer, in water, in the range 350-900 nm (c = 5.57.10 -5 mol/L). Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were carried out on a LINSEIS STA PT-1000 thermal analyzer. The powdered sample (20 mg) was heated from 25 to 700 °C with a rate of 10 °C/min in flowing air. A Quantum Design PPMS-5XL SQUID magnetometer was used to collect magnetic susceptibility data of 1 and 2. The measurements were done at 0.3 T down to 3 K on polycrystalline samples. Diamagnetic corrections were made with Pascal's constants for all the constituent atoms as well as the contributions of samples holder [START_REF] Earnshaw | Introduction to Magnetochemistry[END_REF]. 

Syntheses of

Synthesis of 2

The copper(II) salt 2 was prepared according to the above procedure by using 2-amino-4,6-dimethylpyridine (244 mg, 2 mmol) instead of 3-aminopyridine. Green-needle single crystals suitable for X-ray diffraction were collected after three weeks. 

Crystal structure determination

Single-crystal X-ray diffraction intensity data for 1 and 2 were collected on a Bruker APEX II CCD diffractometer using graphite-monochromatized Mo-Kα radiation (λ = 0.71073 Å) at 100(2) K. The X-ray intensities were corrected for absorption using a semiempirical procedure [START_REF] Sheldrick | [END_REF]. Both structures were solved by direct methods and refined on F 2 by full-matrix least-square techniques using SHELX-2014 program package [START_REF] Sheldrick | [END_REF]. All nonhydrogen atoms were refined anisotropically. The positions of hydrogen atoms were added in idealized geometrical positions for the organic cations. The positions of hydrogen atoms from the water molecules were assigned from the electronic density map generated by Fourier difference and they were refined freely. The DIAMOND program [START_REF] Brandenburg | Diamond, Crystal Impact GbR[END_REF] was used to deal with the processed crystallographic data and artwork representations. Details of the crystallographic data and structure refinement parameters for 1 and 2 are summarized in Table 1 and selected bond lengths and angles in Table 2.

Results and discussion

Formulation of 1 and 2

Reaction of oxalic acid, 3-aminopyridine and 1) which was isolated as green prismatic crystals. Under the same experimental conditions and using 2-amino-4,6-dimethylpyridine in 2) was isolated as green needle-like crystals. Elemental analysis nicely agrees with the chemical formulations of 1 and 2. A brief synthetic process of salts 1 and 2 is shown in Scheme 1. Formation of these salts can be understood in terms of a combination of two chemical processes: firstly, protonation of the imine groups of the pyridine derivatives (DerPy) by oxalic acid, producing iminium cations (DerPy-H) + ; secondly, exchange of the ammonium cations of the precursor

(NH 4 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O in water at room temperature yielded (C 5 H 7 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O (
lieu of 3-aminopyridine, (C 7 H 11 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•5H 2 O (
(NH 4 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O with the iminium ones.
Scheme1. Two-step synthesis of salts 1 and 2.

Structure description of 1 and 2

The hybrid salts

(C 5 H 7 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O (1) and (C 7 H 11 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•5H 2 O (2)
crystallize in the monoclinic system with space group P2 1 /c and triclinic system with space group P-1, respectively. The crystal structure details of 1 and 2 are depicted in Fig. 1 with each metal atom in a six-coordinate environment.

The crystal structure of 1 (Fig. 1a) consists of one bis(oxalato)cuprate(II) complex, [Cu(C 2 O 4 ) 2 ] 2-, two 3-aminopyridinium cations, (C 5 H 6 N 2 ) + , and two lattice water molecules.

The Cu(II) ion is located at the inversion center and is bonded to four oxygen atoms (O11, no example of pyridinium salts in which the copper(II) ion is surrounded by three coordinated oxalate(2-) groups has been reported hitherto. Of all the 73 hits found in CSD in which the coordination sphere of Cu sites is comparable to the present case, the organic cations compensating the charge of the anionic building block were rather ammonium cations [30,31].

The supramolecular anionic entities in 1 and 2 are illustrated in Fig. 3.3. IR and UV-Vis spectra of 1 and 2

IR spectra

The IR spectrum of 1 exhibits two broad and weak absorption bands at 3551 and 3460 cm -1 corresponding to ν (N-H) of the 3-aminopyridinium ion, at 3319 and 3215 cm -1 corresponding to ν (O-H) of the water molecules. Complex 2 shows broad and weak absorption bands at 3318 and 3157 cm -1 attributable to ν (N-H) of the 2-amino-4,6-dimethylpyridinum ion and to ν (O-H) of the water molecules respectively [32]. In this last complex, a strong and sharp band at 1600 cm -1 corresponds to δ (N-H) vibration [START_REF] Nakamoto | Infrared spectra of inorganic coordination compounds[END_REF]. No strong and sharp absorption band around 1611 cm -1 assigned to the C=N vibrations of pyridine ring of 3-aminopyridinium and 2-amino-4,6-dimethylpyridinium cations was observed, thus suggesting that the pyridine group has been protonated [START_REF] Johnson | [END_REF].

The strong absorption bands at 1709, 1669, 1637 cm -1 for 1 and the one at 1666 cm -1 for 2 can be attributed to the ν asym(COO) stretching vibrations [START_REF] Nakamoto | Infrared spectra of inorganic coordination compounds[END_REF]35]. The bands at 1396 cm -1 observed for 1 and at 1419 cm -1 observed for 2 are due to ν sym(C-O) + ν (C-C) stretching vibrations. The bands appearing at 1265 and 789 cm -1 in 1 , and at 1279 and 791 cm -1 in 2 can be assigned to ν sym(C-O) + δ (COO) vibrations [START_REF] Nakamoto | Infrared spectra of inorganic coordination compounds[END_REF]35]. The strong bands at 533 cm -1 and 485 cm -1 in 1 and at 491 cm -1 in 2 can be assigned to ν (Cu-O) vibration [35].

UV-Vis spectra

The visible spectra of Cu(II) complexes 1 and 2 were recorded in distilled water. Each of these complexes revealed a broad peak around 712 nm (14044 cm -1 ) for 1 and 707 nm (14144 cm -1 ) for 2. These bands can be assigned to 2 E g 2 T 2g transition [36], which is consistent with an octahedral geometry around the central Cu 2+ ion in both hybrid salts [37]. This assignment is in agreement with the X-ray structural results.

Thermal analyses of 1 and 2

Results of the thermal analyses (TGA and DSC) of powder samples 1 and 2 are depicted in Fig. 4. Both compounds show two main decomposition steps. The first step is associated with endothermic effect and the second one with exothermic effect. For 1, the TGA curve (Fig. 4 a) shows a first mass loss of 3.8% (calcd. 3.9%) in the range 50-100 °C, due to the release of one lattice water molecule. Above 230 °C, the second mass loss of 35.8% (calcd.

36.1%) occurs, which corresponds to the decomposition of the framework and formation of a residue. For 2, the TGA curve (Fig. 4 b) shows a first mass loss of 9.1% (calc. 9.4%) between 50 and 100 °C, corresponding to the release of three lattice water molecules. As in 1, above 230 °C, a second mass loss of 41.9% (calcd. 42.1%) takes place and the decomposition of the framework is completed, leading to another residue. The measured XRPD patterns of both residues appeared to be very similar to the reported pattern of CuO (Fig. S1).

Magnetic properties of 1 and 2

Magnetic measurements of 1 and 2 were carried out at 0.3 T from room temperature down to 3 K. As illustrated in Fig. 5, 1 and 2 have different magnetic behaviors, as can be expected if structure-activity relationships are considered, i.e. the different chains built by the magnetic centers will affect the magnetic properties as demonstrated for many other complexes in recent years [22,[38][39][40][41]. The χ T vs T plot is commonly used to probe the magnetic interactions between paramagnetic centers: If the χ T values decrease with decreasing temperature, this indicates an antiferromagnetic interaction, while an increase of the χ T values with a decrease in temperature leads to a ferromagnetic interaction [41]. Furthermore, Oshio and Nagashima [41] demonstrated through theoretical calculations on 1D chains of copper(II) complexes using the Heisenberg linear chain model, that the weak antiferromagnetic interaction in the chain is due to the long axial Cu-O bond length (ca. 2.54 Å), which causes a small induction of the spin on the orbital of the nearby complex.

Likewise, they argued that a shorter axial Cu-O bond length (ca. 2.31 Å) would lead to stronger interactions because the orthogonality between the orbital of the spin induced on the oxalate and the orbital of the primary spin is responsible for the ferromagnetic interaction. However, when the orthogonality of the two orbitals is not strictly kept this causes a weak ferromagnetic interaction.

For 1, the room temperature χ T value is 0.37 emu.mol -1 .K, which perfectly matches the calculated value of one isolated Cu 2+ ion (0.37 emu.mol -1 .K, S = 1/2), in accordance with the structural description of well separated mononuclear complexes (not a dinuclear complex) that weakly interact with each other. Upon cooling, the χ T value increases very slowly up to a maximum value of 0.39 emu.mol -1 .K at around 7 K and drops sharply to 0.35 emu.mol -1 .K at 3 K, revealing therefore the occurrence of weak antiferromagnetic interactions between the Cu(II) ions at low temperatures, as observed in many other complexes containing straight chain alignments of Cu centers [22,41]. .According to the above description for the occurrence of weak antiferromagnetic interactions in straight Cu(II) chains, a long axial Cu-O bond length is necessary, and indeed it is realized at an even longer Cu-O distance of 2.89 Å in 1 (Fig. 2a).

At room temperature, the χ T value of 2 is about 0.50 emu.mol -1 .K, a value which is higher than the expected 0.37 emu.mol -1 .K value mentioned above, but far less than the expected value for a dinuclear complex. Upon lowering the temperature, χ T gradually increases from 0.50 emu.mol -1 .K at 100 K to 0.54 emu.mol -1 .K at around 20 K, and then abruptly increases to reach the value 0.78 emu.mol -1 .K at 3 K. This temperature-dependent behavior indicates the occurrence of weak ferromagnetic interactions between the Cu(II) ions [42]. Interestingly, the above mentioned explanation for the occurrence of weak ferromagnetism in Cu(II) chains is well verified for the structure of 2 as a much shorter axial Cu-O bond length is found (2.33 Å) that perfectly matches the distance reported by Oshio and Nagashima [41]. Moreover, it has been demonstrated for this family of complexes (with short axial Cu-O bond length) that for values of the bond angle at the axial copper to oxalateoxygen (β) greater than 109.5°, antiferromagnetic coupling is favored, whereas values smaller than 109.5° give rise to ferromagnetic interactions [31,43]. Therefore, the β value (108.8°) in 2 further confirms the ferromagnetism observed. The magneto-structural data of some oxalato-bridged dicopper(II) complexes [31,41,[43][44][45][46][47][48][49] are listed in Table 4. They nicely confirm that the values of the bond angle at the axial copper to oxalate-oxygen (β) and the axial copper to oxalate oxygen bond length are the main structural factors governing the nature of the magnetic coupling.

Conclusions

In this paper, two organic-inorganic hybrid salts coordination mode, yielding zigzag copper(II) chains. The distinct polymeric anionic motifs in the two compounds have marked effects on their magnetic properties. 1 exhibits weak antiferromagnetic interactions whereas 2 exhibits weak ferromagnetic interactions.

(C 5 H 7 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O (1) and (C 7 H 11 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•5H 2 O (2) (C 5
These findings clearly suggest that the magnetic properties of oxalatocuprate(II) salts are sensitive to the type of cationic species and the coordination environment of the metal ions within the structures. It is worth noting finally, that the present report in all likelihood, lends good grounds to anticipate that a lot is still to be done and understood in this class of hybrid materials, given the wide range of cations that are susceptible to cancel the negative charge of the infinite oxalatocuprate(II) chains. Therefore, one may expect this assessment to be extendable, not only to homologous organic cations, but to small inorganic charged species such as hydronium (H 3 O + ) cations as well. Materials of this type, no doubt, could be welladapted models in the exploration of the concept of one-dimensional proton conducting solids (1D-PCS) [50][51][52][53]. Work in this direction is in progress in our lab. (i) = 1+x, y, z for 2. The first four atoms form the basal/equatorial plane.

c Value of the axial copper to oxalate-oxygen.

d Bond angle at the axial oxalate-oxygen (Cu-O-C).

e Value of the equatorial copper to oxalate-oxygen.

f Copper-copper distance across the bridging oxalato.

g F = ferromagnetic interactions; AF = antiferromagnetic interactions. 
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 723 aminopyridinium and C 7 H 11 N 2 = 2-amino-4,6dimethylpyridinium) have been presented together with their spectroscopic, thermal and magnetic results. In 1, the [Cu(C 2 O 4 ) 2 ] 2-units polymerize through long axial Cu•••O contacts of 2.890 Å, thus generating a chain structure with straight alignment of Cu(II) centers. By contrast, in 2, [Cu(C 2 O 4 ) 2 ] 2-entities are bridged by oxalate ligands in bis(bidentate)

Fig. 1 .

 1 Fig. 1. Constitutive entities of 1 (a) and 2 (b) with the atom numbering scheme.

Fig. 2 .Fig. 3 .

 23 Fig. 2. Straight (a) and zigzag (b) chains of Cu(II) centers in 1 and 2, respectively.

Fig. 4 .

 4 Fig. 4. TGA (blue) and DSC (red) diagrams for 1 (a) and 2 (b).

Fig. 5 .

 5 Fig. 5. Temperature-dependent magnetic behavior of 1 (red) and 2 (black).

Fig. S1 :

 S1 Fig. S1: Powder patterns of 1 (top) and 2 (bottom).

  Fig. S2. PXRD patterns of residues (in red) of 1 (a) and 2 (b) coupled to the one of CuO (in blue).

  

  

  O12') from two oxalate(2-) ligands (average Cu-O length: 1.932 Å) in the equatorial plane and weakly interacts with two axial O-atoms of neighboring [Cu(C 2 O 4 ) 2 ] 2- units to build a prolate CuO 6 octahedron, with regular axial Cu•••O contacts of 2.890 Å. The basal CuO 4 plane is planar due to symmetry restriction, and the O-Cu-O bite angle within the

	O12, O11', plane is 85.790(1)°, a value which is similar to those found in previously reported compounds
	[20,28,29].
	The asymmetric unit of 2 (Fig.1b) consists of a central copper(II) ion, two halves of bis-
	bidentate oxalate anion, one bidentate oxalate anion, two 2-amino-4,6-dimethylpyridinium
	cations and five lattice water molecules. The Cu(II) center experiences a pseudo-octahedral
	coordination geometry by three chelating oxalate(2-) ions with the well-established helical
	2 DerPy + H 2 C 2 O 4 1 4 ) 2 C 2 O 4 (DerPy-H) 2 C 2 O 4 H 2 O H 2 O

st step: Protonation of imine group of the pyridine derivatives 2 nd step: Exchange of NH 4 + with DerPy-H + (DerPy-H) 2 C 2 O 4 + (NH 4 ) 2 [Cu(C 2 O 4 ) 2 ] 2H 2 O (DerPy-H) 2 [Cu(C 2 O 4 ) 2 ] nH 2 O + (NH orientation within the complex anion. As in 1, each Cu(II) ion has four nearest neighbors at short distances Cu1-O11, Cu1-O14, Cu1-O16 and Cu1-O18 (≤ 2 Å), defining the highest singly occupied molecular orbital (SOMO), and two other oxygen atoms (O15, O17) at longer distances (2.3 Å) but much shorter than in 1. The coordination sphere in 2 can be described as a distorted CuO 6 octahedron. In 2, there are two kinds of oxalates: two bridging (the ones with C11-C11 and C12-C12 bonds) and one pendant (with C13-C14 bond). The bonding of Cu(II) ion to the pendant oxalate is realized through two short Cu-O bonds (Cu-O11, Cu-O14), whereas the bonding of the Cu(II) ion to the bridging oxalates is built from a short and a long Cu-O bonds. The long bonds Cu-O17 (in oxalate with C12) and Cu-O15 (in oxalate with C11) are related by an inversion center at the half of the C-C bond of the bridging oxalates. The structure of 2 has a noteworthy aspect: to the best of our knowledge,

  2. In 1, [Cu(C 2 O 4 ) 2 ] 2-The crystal structures of 1 and 2 are stabilized by multiple intermolecular hydrogen bonds (Fig.3) between crystallization water molecules, cations and anions with the O-H•••O and N-H•••O distances in the ranges of 2.80(1)-3.05(1) Å and 2.79(2)-2.99(2) Å, respectively.

	entities are polymerized through crystallographic symmetry-related O12 atoms, forming
	straight Cu(II) chains with regular spacing of Cu•••Cu = 3.666 Å, in accordance with the
	Cu•••Cu distances [3.697(7) and 3.582(5) Å] for analogous salts [20,22]. By contrast, in 2,
	adjacent [Cu(C 2 O 4 ) 2 ] 2-entities are bridged by oxalate anions in a bis-bidentate mode to form

zigzag chain alignments of Cu(II) centers in which the [Cu(C 2 O 4 ) 3 ] units are alternatively lambda and delta symmetry, ending up in a non-chiral structure.

Table 1 .

 1 Crystal data and structure refinements for 1 and 2.

	Compound	1	2
	Empirical formula	C 14 H 18 CuN 4 O 10	C 18 H 32 CuN 4 O 13
	Formula weight	465.86	576.02
	T (K)	100(2)	100(2)
	λ (Å)	0.71073	0.71073
	Crystal system	Monoclinic	Triclinic
	Space group	P2 1 /c	P-1
	Unit Cell parameters		
	a (Å)	3.6658(10)	9.5727(3)
	b (Å)	21.3317(7)	10.9847(4)
	c (Å)	11.2592(4)	13.6468(5)
	α (°)	90	108.096(10)
	β (°)	90.165(10)	96.209(10)
	γ (°)	90	107.815(10)
	V (Å 3 )	880.44(5)	1265.46(8)
	Z	2	2
	µ (mm -1 )	1.307	0.934
	F(0 0 0)	478	602
	Crystal size (mm)	0.18 x 0.30 x 0.30	0.09 x 0.10 x 0.17
	θ range for data collection (°) 2.045-31.456	1.611 -31.476
	Index ranges	-5 < h < 5, -24 < k < 30,	-9 < h < 14, -15 < k < 15,
		-15 < l < 16	-20 < l < 19
	Total reflections	2900	8184
	Unique reflections (R int )	2691(0.0171)	7311(0.0190)
	Refinement method	full-matrix least squares on F 2	full-matrix least squares on F 2
	Data/restraints/parameters	2900/0/133	8184/ 21/ 366
	Goodness-of-fit (GOF) on F 2 1.114	1.091
	R factor [I > 2σ(I)]	R 1 = 0.0284, wR 2 = 0.0671	R 1 = 0.0447, wR 2 = 0.1399
	R factor (all data)	R 1 = 0.0311, wR 2 = 0.0680	R 1 = 0.0486, wR 2 = 0.1430
	Max and min residual	0.605 and -0.323	1.503 and -0.951
	electron density (e/Å 3 )		

Table 2 .

 2 Selected bond lengths (Å) and angles (°) within the coordination spheres around the metal centers in 1 and 2.

	Compound 1			
	Cu1-O11	1.9251(9)	O11-Cu1-O11_01 i	180.00(1)
	Cu1-O11_01 i	1.9251(9)	O11-Cu1-O12_01 i	94.21(4)
	Cu1-O12	1.9379(9)	O12-Cu1-O12_01 i	180.00(1)
	Cu1-O12_01 i	1.9379(9)	O12-Cu1-O11_01 i	94.21(4)
	C11-C12	1.5525(18)	O11-Cu1-O12	85.79(4)
	Cu•••O12	2.890 (1)	O11_01 i -Cu1-O12_01 i	85.79(4)
	C11_01 i -C12_01 i	1.5525(18)		
	Compound 2			
	Cu1-O11	1.9809(13)	O15-Cu1-O16	76.750(5)
	Cu1-O14	1.9547(12)	O17-Cu1-O18	77.910(5)
	Cu1-O15	2.3293(14)	O11-Cu1-O14	82.940(5)
	Cu1-O16_01 i	2.0041(13)	O11-Cu1-O16	173.810(5)
	Cu1-O17	2.3178(15)	O15-Cu1-O17	157.960(5)
	Cu1-O18	1.9722(13)	O14-Cu1-O18	170.400(5)
	C13-C14	1.5530(2)		
	C11-C11_01 i	1.5580(4)		
	C12-C12_01 i	1.5630(4)		
	Symmetry transformations used to generate equivalent atoms: (i) -x, 1-y, 1-z for 1 and (i)
	1-x, 1-y, -z for 2 .			

Table 3 .

 3 Hydrogen bond lengths (Å) and angles (°) for 1 and 2.

	D-H-A	d(D-H)	d(H-A)	d(D-A)	<(DHA)
	(C 5 H 7 N 2 ) 2 [Cu(C 2 O 4 ) 2 ]•2H 2 O (1)				
	N36-H36-O13	0.94(0)	2.25(1)	2.92(1)	128.80(2)
	N36-H36-O14	0.94(0)	1.96(0)	2.80(1)	148.90(2)
	N37-H37A-O1	0.94(0)	2.03(0)	2.96(1)	175.00(1)
	N37-H37B-O14	0.85(0)	2.27(0)	3.05(1)	152.70(2)
	O1-H1A-O12	0.89(0)	2.02(1)	2.88(1)	164.70(2)
	O1-H1B-O11	0.82(0)	2.24(0)	2.98(1)	151.80(2)
	(C 7 H 11 N 2 ) 2 [CuC 2 O 4 ) 2 ]•5H 2 O (2)				
	N21-H26-O12 i	0.88(1)	1.93(2)	2.79(2)	168.70(2)
	N22-H29B-O4	0.89(1)	2.11(1)	2.99(2)	167.00(3)
	N22-H29A-O11 i	0.90(1)	2.04(2)	2.91(1)	164.00(3)
	O2-H3A-O3	0.85(2)	2.28(2)	2.86(3)	126.15(1)
	O4-H4B-O16	0.79(1)	2.00(1)	2.79(2)	175.00(3)

Symmetry transformations used to generate equivalent atoms (D, donor; A, acceptor):

Table 4 .

 4 Selected structural data for oxalato-bridged copper(II) complexes having the out-ofplane exchange pathway.

	Compound a	Donor set b d Cu-O(ax) c	β d (°) d Cu-O e	d Cu•••Cu	f	Magn.	Ref.
			(Å)	(Å)	(Å)		coupling g
	Cu 2 (bpca) 2 (ox)	N 3 O 2	2.26	107.5 -	5.44		F	[43]
	[Cu 2 (bpca) 2 (H 2 O) 2 (ox)]•2H 2 O	N 3 O 2 O'	2.41	106.9 1.96	5.63		F	[44]
	[(CH 3 ) 4 N] 2 [Cu(ox) 2 ]•H 2 O	O 6	2.38	106.9 1.97	5.59		F	[31]
	[Cu 2 (bpcam) 2 (H 2 O) 2 (ox)]	N 3 O 2 O'	2.44	106.6 1.97	5.68		F	[45]
	(C 7 H 11 N 2 ) 2 [Cu(ox) 2 ]•5H 2 O	O 6	2.32	108.8 1.98	5.62		F	This work
	[Cu(bipy)(ox)]•2H 2 O	N 2 O 4	2.31	108.3 1.95	5.56		F	[46]
	Cu(py) 2 (ox)	N 2 O 4	2.27	108.0 1.94	5.46		F	[41]
	Cu(2-ampy) 2 (ox)	N 2 O 4	2.38	107.8 1.99	5.63		F	[47]
	Cu(isq) 2 (ox)	N 2 O 4	2.23	109.5 2.003 5.48		F	[48]
	Cu(4-ampy) 2 (ox)	N 2 O 4	2.35	109.7 2.03	5.66		AF	[47]
	Cu(3-ampy) 2 (ox)	N 2 O 4	2.17	111.0 2.05	5.46		AF	[47]
	[Cu 2 (bipy) 2 (H 2 O) 2 (ox)](CF 3 SO 3 ) 2 N 2 O 2 O'O'' 2.36	110.7 1.97	5.13		AF	[49]

a Abbreviations of the ligands: bpca: bis(2-pyridylcarbonyl)amidate; ox: oxalate; bpcam: bis(2.pyrimidylcarbonyl)amidate; bipy: 2,2'-bipyridine; py: pyridine; 2-ampy: 2aminopyridine; isq: isoquinoline; 4-ampy: 4-aminopyridine; 3-ampy: 3-aminopyridine. b
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Appendix A. Supplementary data

CCDC 1583289 and 1583290 contain the supplementary crystallographic data for (2). These data can be obtained free of charge from Data Center via http://www.ccdc.cam.ac.uk/data_request/cif., or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223 336 033; or e-mail: deposit@ccdc.cam.ac.uk.