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Abstract 

Two metal complexes (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) and  

(C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2), have been synthesized by self-assembly of a 

benzimidazole ligand and oxalic acid anion with chromium(III) as metal. The complexes (1) 

and (2) were characterized by single crystal X-ray diffraction, TG analysis and spectroscopy 

techniques. The molecular structure of complexes (1) and (2) appear to be a modular associate 

consisting of a complex anion containing trivalent Cr as the central atom, a bridging hydrogen 

oxalate anion, a monoprotonated  benzimidazole acting as the counter-cation and water 

molecules.  The atomic arrangement of complexes (1) and (2) can be described as inorganic 

layers of anionic chromium complex and water molecules between which organic cations 

(C7H7N2)
+ are located. The crystal packing of complexes (1) and (2) is  ensured by extensive 

O-H…O and N-H…O hydrogen bonds. In addition, the magnetic properties of the complex 

(1) were determined in the range 1.8–300 K showing a very weak antiferromagnetic 

interactions between Cr(III) centers with a little contribution of ZFS effect. Moreover, 

complexes (1) and (2) exhibit significant degradation of methylene blue (MB) under sunlight 

irradiation. 

Keywords: Structural determination; optical characterization; magnetic properties; 

photocatalytic application. 

1. Introduction 

The design and construction of new functional inorganic–organic hybrid coordination 

compounds have been one of the pioneer fields in current crystal engineering due to 

compositional diversity, structural versatility and potential applications in diverse areas such 

as catalytic, optical, magnetism, electrochemistry, and medicine [1-3]. 

One of the most important area of application is certainly the field of photocatalysis. 

Nowadays,  an extensive work has been focused on the photocatalytic degradation of organic 

dyes using inorganic-organic hybrid complexes due to their non-toxicity, good photocatalytic 

properties and low production costs [4-6]. It must be pointed out that organic dyes released 

via wastewaters represent an important source of pollution, leading to eutrophication and 

perturbation of aquatic life [7]. On the other side, inorganic-organic hybrid complexes being 

magnetic systems involving H-bonds, have also attracted attention of researchers due to the 

possibility of controlling the exchange coupling between parts of molecular quantum systems, 

for example in spin crossover materials [8] or nanomagnets [9]. 



3 

 

Motivated by the above-mentioned properties, we have decided to design a new 

multifunctional hybrid organic-inorganic compounds based on supramolecular concepts 

combining these properties. In fact, the self-assembly of the desired functional compounds 

depends on many factors, such as the ligand–metal molar ratio, temperature, pH, solvent, the 

coexisting neutral ligands and the nature of the organic ligands [10-12]. Among them, we 

judiciously chose the oxalate dianion which belongs to the family of dicarboxylate type 

ligands, owing the specific disposition of the O donor atoms, acting as chelate. Thus, in the 

presence of transition metal ions, it offers a unique mode of coordination based on the 

formation of five-membered rings. On the other hand, it has been proved that oxalate ligand 

act as efficient mediators of the magnetic interaction between the paramagnetic transition 

metal centers offering a great opportunity to develop new magnetic materials and explore 

magneto-structural correlations [13,14]. Indeed, benzimidazole and its derivates have received 

extensive attention for their high structural stability and we have used benzimidazole as ligand  

due to its larger conjugated π-system, capable of acting as hydrogen bond donors and in π-π 

stacking interaction [15]. It is worth noting that properties ofthe orbital magnetic moments of 

Cr(III) complexes have attracted many researchers owing the ability of optimizing magnetic 

coupling and zero-field splitting [16,17]. Moreover, the known oxidative (2E) excited state of 

Cr(III) can be used for water splitting and O2 production [18]. 

Based on the above considerations and in the hope of obtaining new multifunctional organic-

inorganic compounds, oxalic acid and benzimidazole ligand assembled with the stable 

chromium (III) ion, were used to achieve two novel complexes: 

(C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) and  (C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2).  On 

both compounds, the single crystal X-ray structures were determined; the infrared and UV-

visible spectra were acquired and the thermogravimetric analyses were made. Furthermore, 

magnetic measurements and photocatalytic properties were also explored.  

 

2. Experimental 

2.1 Material and methods 

All reagents and solvents for the syntheses were purchased from commercial sources and used 

as received without further purification. Methylene blue was bought from Merck. Infrared 

spectrum on KBr pellets was recorded on a Nicolet 470 FTIR spectrophotometer, in the range 

4000–400 cm-1. X-ray powder diffraction measurements were performed on a D8 ADVANCE 

BRUKER diffractometer using Cu-K� radiations and equipped with Lynxeye accelerator. 
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Thermogravimetric analysis (TGA) was carried out on a Setaram TAG-24 thermoanalyser 

instrument, under Ar at a heating rate of 10°C per min. The UV–Visible absorption spectra 

were obtained on a 2802 UV/Vis spectrophotometer (UNICO) in 250-750 nm region. 

Magnetic susceptibility measurements under 0.5 T magnetic field in the range 1.88–300 K 

were performed with quantum design (superconducting quantum interference device SQUID) 

magnetometer. All measurements were performed on polycrystalline samples. Pascal’s 

constants were used to estimate the diamagnetic corrections, which were subtracted from the 

experimental susceptibilities to give the corrected molar magnetic susceptibilities. 

 

2.2 Preparations of the complexes 

2.2.1 Synthesis of (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O  (1) 

To a solution containing oxalic acid dihydrate (2 mmol, 252.2 mg) and benzimidazole 

(C7H6N2) (1 mmol, 118.14 mg) dissolved in 10 ml of H2O/ETOH mixture (1:1 by volume), an 

aqueous solution of the chromium nitrate nonahydrate (1 mmol, 400.15 mg dissolved in 10 

mL H2O) was added dropwise. The reaction mixture obtained was heated at 50°C for an hour 

with continuous stirring. The resulting solution was then cooled down to room temperature 

and kept unperturbed for the slow evaporation of the solvent. Purple single crystals suitable 

for X-ray diffraction analysis were obtained after one week (scheme 1(a)). 

Yield  72 % ; m.p. = 276°C. Main IR absorption bands observed for (1) (KBr pellet, cm−1) are 

: 3120 m (ν O–H) , 1671 s (νasy C=O),  1384 m (νsy C=O),  1241 m (C aromatic ring - N),  817 

w (δ C=O), 470 w (Cr-O) . 

 

2.2.2 Synthesis of (C7H7N2)3[Cr(C2O4)3](H2C2O4) .3H2O (2) 

Chromium(III) nitrate nonahydrate (400.15 mg, 1 mmol) was dissolved in 10 mL of water. 

This solution was allowed to react with oxalic acid dihydrate (2 mmol, 252.2 mg) dissolved in 

5 mL of water. An aqueous solution (10 mL) of benzimidisazole (1 mmol, 118.14 mg) was 

added drop wise to the above purple solution with continuous stirring. The combined solution 

was stirred and left to evaporate for several hours. The resultant crystals were obtained after 5 

days (scheme 1(b)). Yield  83% ; m.p. = 283°C. Main IR absorption bands observed for (2) 

(KBr pellet, cm−1) are : 2955 m (ν O–H) ,1641 s (νasy C=O),  1368 m (νsy C=O),  1255 m (C 

aromatic ring - N),  808 w (δ C=O), 458 w (Cr-O) . 

2.3 Photocatalytic experiments  



5 

 

The photocatalytic activities of compound (1) and compound (2) were evaluated for 

degradation of methylene blue (MB). Experiments were carried out under sunlight irradiation 

as follows: 20 mg of the solid sample was dispersed into a tube containing 100 mL of 

methylene blue solution (10 mg/L). The reaction was stirred in a dark environment for over 

1 h in order to eliminate adsorption effects between the catalyst and solution. The solution 

was then exposed to sunlight irradiation. At given intervals, 5 mL of reaction solution was 

periodically taken and dispersed powders were removed by centrifugation. The resulting 

solutions were analyzed with a UV/Vis spectrophotometer. Degradation of the organic dyes 

under the same conditions, without any complexes was also carried out for comparison. 

Considering the initial absorbance values of the dye solution as A0, and the absorbance values 

at time t as At , the degradation efficiency (D) of the dye is defined as follows: 

D = [(A0 − At ) ⁄A0 ] × 100 

 

2.4 X-Ray crystallography 

Single crystal X-ray diffraction data for (1) and (2) were collected at 298 K on Kappa CCD 

diffractometer by using graphite-monochromated Mo-Kα (λ = 0.71073 Å) radiation. The 

structures were solved by Direct methods using SIR-2014 and refined against F2 on all data by 

full-matrix least-squares methods using SHELXL-2014/7 [19,20].  

Metal atoms in each complex were located from the E-maps and non-hydrogen atoms were 

located in successive difference Fourier syntheses and refined with anisotropic thermal 

parameters on F2. The hydrogen atoms of the aromatic organic ligands bonded to carbon were 

inserted at calculated positions with C‒H distance of 0.93 Å. While those attached to nitrogen 

were placed with d(N‒H) = 0.86 Å. All were included as riding contributions with isotropic 

displacement parameters 1.2 - 1.5 times those of the attached atoms. The hydrogen atoms of 

the water molecules were found in a difference Fourier map and refined with restraints: 

d(O‒H) = 0.85(1) Å, d(H...H) = 1.387(2) Å and Uiso(H) = 1.5Ueq(O). The molecular plots 

were drawn with the Diamond 3.0 program [21]. Relevant crystallographic data and data 

collection parameters are summarized in Table 1. 
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Table 1.  Summary of the crystal data and structure refinement for 

(C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) and (C7H7N2)3[Cr(C2O4)3](H2C2O4)3.H2O (2) 

a R = Σ||Fo|–|Fc||/Σ|Fo|  

b wR = {Σ [w(Fo
2 –Fc

2)2]/Σ [w(Fo
2)2]} 1/2 

 

3. Results and discussion 

3.1 Crystal structures  

 The crystal analysis reveals that complex (1) is formed by one [Cr(ox)2(H2O)2]
− anion, 

(C7H7N2)
+ cation, and two water molecules of crystallization (Figure 1). The central CrIII  ion 

of the complex anion is hexacoordinated by two oxygen atoms from water molecules in cis 

position and four carboxylate oxygen atoms. 

 

Formula C11H15CrN2O12 C27H29CrN6O19 
Formula weight 419.25 817.58 
Crystal system Triclinic Orthorhombic 
Space group P-1 Pbca 
Volume (Å3) 826.4(3) 6809 (2) 
Z 2 8 
a (Å) 7.245(1) 18.029 (4) 
b (Å) 7.725 (2) 19.123 (4) 
c (Å) 15.162(3) 19.479 (4) 
α (°) 97.37(1) 90 
β (°) 98.17(2) 90 
γ (°) 96.04(1) 90 
Temperature (K) 298 298 
ρ (g.cm−3) 1.685 1.595 
µ (mm−1) 0.76 0.43 
θ range (°) 2.7 - 27 1.90 - 30.00 
Crystal size (mm3) 0.38 × 0.26 × 0.16 0.40 × 0.32 × 0.21 
F (000) 430 3368 
Index ranges -9 ≤ h ≤ 8, -9≤ k ≤ 9, -19 ≤ l ≤ 19 -25≤ h ≤ 24, -26≤ k ≤ 26,-27 ≤ l ≤ 27 
Total data collected 7051 117016 
Independent reflections 3589 9913 
Reflections with  
I > 2σ(I) 

3330 7966 

Rint 0.017 0.057 
Goodness-of-fit on F2 1.11 1.17 
R (F) [I > 2σ(I)] a/  all data 0.029 / 0.032 0.036 / 0.053 
WR (F2)  [I > 2σ(I)] b/  all 
data 

0.082 / 0.084 0.088/ 0.105 

Residuals  (e.Å−3) 0.32 and -0.36 0.37 and  -0.60 
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Figure 1. A view of the asymmetric unit of (1) with the atom numbering scheme. 

Displacement ellipsoids are drawn at the 50% probability level and H atoms are represented 

as spheres of arbitrary radius 

 
 
The three diagonal angles of metal polyhedron [172.92(5)° to 174.35(5)°] deviate from 

linearity, therefore the coordination geometry around Cr(III) atoms is a distorted octahedron 

built up by two O atoms (O1, O2) from two cis water molecules and four O atoms (O3, O4, 

O5, O6) from two chelating oxalate dianions. 

In order to calculate the octahedron deviation  it is appropriate to use Ʃ parameter, which is 

the sum of the deviation away from 90° of the twelve possible O-Cr-O bite angles. As such, 

the value for an ideal octahedron is  Ʃ=0, so that higher the value, the greater is the distortion. 

The formula used for the calculation is the following [22]:  

� =�|�� − 	
|
��


�
 

In the case of complex (1),  Ʃ=32.52 indicating a distorted octahedral geometry for the metal 

coordination sphere. The O–Cr–O bite angles (82.17(5)° to 93.72(6)°) are far from the ideal 

one range from of 90° because of the usual small bite size of five-membered planar chelate 

rings formed by the bidentate oxalate ligand. Selected bond lengths and angles are gathered in 

Table S 1. The Cr-O(ox) bond lengths of 1.963(2)° and those of Cr-O(water) of 1.978(2)° are 

comparable with the values reported for similar compounds containing the 

[Cr(C2O4)2(H2O)2]  motif, completed with various uncoordinated cations [23,24]. 

The anionic units are interlined with each other by means of O-H...O hydrogen bonds, 

through coordinated water molecules (O1 and O2) and outer oxygen atoms from oxalate 

ligand (O7 and O8) giving rise to a cyclic motif R2
2(12), and through uncoordinated water 
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molecules (O11 and O12) and inner oxalate O atoms (O4 and O6) giving rise to different 

types of rings R44(12), R3
4(12), R4

4(16) and R44(20) [25]. This assembly generates an infinite 

two dimensional (2-D) layers parallel to (001) plane (Figure 2). Details of all hydrogen bond 

interactions are given in Table 2. 

 

 

Figure 2. (a) View of a 2-D network of (1) through adjacent chains which are formed by 

intermolecular hydrogen bonding interactions; (b) View of 5 identifying the graph set motifs 

within the hydrogen bonded sheets 

 

Table 2. Hydrogen bonds of complex (1) 

D-H···A D-H H···A D···A D-H···A 
O1-H1A···O7i 0.80 (2) 1.88 (2) 2.675 (2) 172 (2) 
O1-H1B···O10ii 0.72 (3) 1.99 (3) 2.697 (2) 169.42 
O2-H2A···O11 0.77 (3) 1.84 (3) 2.601 (3) 173 (3) 
O2-H2B···O8iii 0.79 (3) 1.97 (3) 2.741 (2) 162.84 
O11-H11A···O7iv 0.74 (4) 2.23 (4) 2.935 (3) 162 (4) 
O11-H11B···O12iii 0.78 (4) 1.93 (4) 2.702 (3) 178.06 
O12-H12A···O6i 0.75 (4) 2.11 (4) 2.847 (4) 170.29 
O12-H12B···O4 0.75 (4) 2.15 (4) 2.892 (3) 173 (3) 
N1-H1···O10v 0.86 2.27 3.043 (3) 151 
N2-H2···O8 0.86 1.95 2.791 (3) 168 

 
Symmetry code : (i) −x+2. −y+1. −z+2; (ii) x+1. y. z; (iii) x. y−1. z; (iv) −x+1. −y+1. −z+2;  
(v) −x+1. −y+1. −z+1. 

 
 

As shown in Figure 3, the neutralization of the negative charge of the anionic part is assured 

by independent benzimidazole cations localized in the interlayer spacing . 
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Figure 3. Projection of the (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O structure along the 

a axis showing the hydrogen-bonded network 

 

The geometric features of the organic cations show that the benzimidazole ligand is planar 

and the average C–C (1.380(3) Å) and C–N (1.348(3) Å) bond lengths, and the average angles 

(108°) within the rings are in a good agreement with those reported in the literature [26,27]. It 

is worth noting that benzimidazole cations have two H-bond sites well positioned to interact 

with the two outer O of an oxalate. Figure 4 shows well that the interconnection between the 

inorganic layers and the benzimidazole units is achieved by hydrogen-bonding that link the 

first amino N1-H1 group to the free O9 oxalate O atoms and the second amino N2-H2 group 

to the outer O8 oxalate O atoms, forming a cations-anions interaction type by connecting the 

positive and the negative layers. As a consequence, no π-π interaction is present between the 

benzimidazole molecules in  complex (1). 

 

Figure 4. Intermolecular O-H…O and N-H…O hydrogen bonds present in complex (1) 

 

Complex (1) represents a case of such a combination of different hydrogen bonding that 

contributes to the self assembly process and leads to 3-D packing . 
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Complex (2) is made up of one [Cr(C2O4)3]
3− anion, three (C7H7N2)

+ organic cations, one 

neutral oxalic acid molecule (C2H2O4) and three H2O molecules (Figure 5).  

 

 

Figure 5. A view of the asymmetric unit of (2) with the atom numbering scheme. 

Displacement ellipsoids are drawn at the 50% probability level and H atoms are represented 

as spheres of arbitrary radius 

 

In (2), the CrIII  cation shows a slightly distorted octahedral environment which is formed by 

six oxygen atoms from three chelating oxalate groups. The values of the chelate angles α 

(82.24(4)°, 82.27(4)° and 82.48(5)°) are significantly smaller than those of an ideal 

octahedron (α = 90°). As calculated for complex (1), the value of Ʃ parameter of 32.02 shows 

well the distortion of the octahedron. 

 The Cr-O distances are in the range of 1.957(1) to 1.983(1) Å and the O–Cr–O angles are in 

the range of 82.24(4) - 174.77(5). These values are as expected for this type of bonding and 

similar bond distances and angles have been observed earlier in similar compounds [28,29]. 

The detailed bond distances and bond angles are shown in Table 2. 

In fact, structure (2) is characterized by the presence of free oxalic acid unit, in which two sets 

of carbon-oxygen oxalate bond distances are observed. The shortest values of 1.209(2) Å and 

1.201(2) Å, belonging to C7-O13 and C8-O14, respectively, are characterized by their greater 

double bond character. However bond distances of C7-O15 and C8-O16 are somewhat longer. 

The ranges values of these bonds are 1.306(2) Å and 1.305(2) Å. The differences in the C-O 

bond lengths are due to the localization of the double vs single bond: one set is C=O, while 

the other is C-O-H. The oxalate C-C bond distances are in the range of 1.543(3) Å reflecting 

carbon-carbon single bond character. 
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 The structure (2) can be described as inorganic layers formed by [Cr(C2O4)3]
3- units and free 

oxalic acid molecules parallel to (100) plane intercalated by sheet of organic cations 

(C7H7N2)
+ and free water molecules (Figure 6). 

 

Figure 6. Projection of  along the c axis showing the hydrogen-bonded network 

 

In the inorganic layers the cohesion between the mononuclear [Cr(C2O4)3]
3- dimers, is assured 

through the free oxalic acid molecules via O-H...O hydrogen bonds (O15-HO1···O11 and 

O16-HO2···O9). 

The most fascinating feature of the structure (2) is that the lattice water molecules (O17 and 

O19) occupy the cavity inside the networks and adopt an interesting orientation so that four 

O−H···O hydrogen bonds are generated between (O17, O19) and four oxygen atoms (O2, O3, 

O8, O10 ) (Figure 7).  

 

Figure 7. View of a fragments of the molecular structure  

of (C7H7N2)3[Cr(C2O4)3](H2C2O4)3.H2O showing well-directional  

hydrogen bonding interactions 
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These linkage connect adjacent anionic moieties and give rise to R44 (12) rings. The detailed 

hydrogen bond distances and bond angles are shown in Table 3. 

 

Table 3. Hydrogen bonds of complex (2) 

D-H···A D-H H···A D···A D-H···A 
O17-HW6···O2 0.92 (3) 1.99 (3) 2.862 (2) 159 (3) 
O17-HW3···O10i 0.85 (3) 2.00 (3) 2.806 (2) 159 (3) 
O18-HW4···O10ii 0.80 (3) 2.20 (3) 2.958 (2) 160 (3) 
O18-HW5···O14iii 0.93 (3) 2.04 (4) 2.869 (2) 147 (3) 
O19-HW1···O8iv 0.83 (3) 1.98 (3) 2.804 (2) 172 (3) 
O19-HW2···O3v 0.79 (3) 2.03 (3) 2.815 (2) 175 (3) 
O15-HO1···O11vi 0.99 (3) 1.62 (3) 2.608 (2) 177 (3) 
O16-HO2···O9iii 0.98 (4) 1.76 (3) 2.606 (2) 142 (3) 
N1-H1···O8vii 0.86 2.07(3) 2.865 (2) 154 (3) 
N2-H2···O19viii 0.86 1.90(3) 2.745 (2) 167 (3) 
N3-H3···O1vi 0.86 1.93(3) 2.770 (2) 164 (3) 
N4-H4···O17iii 0.86 1.90(3) 2.739 (2) 166 (3) 
N5-H5···O13vii 0.86 2.01(3) 2.802 (2) 152 (3) 
N6-H6···O18 0.86 1.87(3) 2.715 (2) 168(3) 

Symmetry code: (i) x+1/2, y, −z+1/2; (ii) x+1/2, −y+1/2, −z+1; (iii) x, −y+1/2, z+1/2; (iv) x, 
y, z+1; (v) x+1/2, y,  −z+3/2; (vi) −x+2, −y, −z+1; (vii) −x+5/2, −y, z+1/2;  (viii) x, −y+1/2, 
z−1/2. 
 

The benzimidazole cations characteristics are similar of structure (1).  However, an additional 

stability of the crystal (2) is afforded by π–π interactions between the aromatic rings of the 

cations (C7H7N2)
+. The centroid–centroid distance between two organic rings of 

benzimidazole is equal to 3.614 Å. 

 

 

 

Figure 8. (a) View of the 3-D network of compound (2); (b)  A view of the hydrogen bonding 

in (2), showing the ring motif 
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As shown in Figure 8a, the space between the anionic units is occupied by benzimidazole 

organic cations that cross-link the nearest-neighbor layers by means of N–H...O (N1-H1...O8, 

N2-H2...O19, N3-H3...O1,  N4-H4...O17, N5-H5...O13, N6-H6...O18) connecting the 

protonated benzimidazole cations to  peripheral O atoms of oxalate and free water molecule to 

afford supramolecular inorganic–organic hybrid 3-D architecture (Figure 8b). 

 
 
3.2 Powder X-ray diffraction and thermogravimetric studies 

In order to check the purity of complexes (1) and (2), powder X-ray diffraction of the 

synthesized samples were measured at room temperature. The diffraction pattern was 

obtained on a D8 ADVANCE Bruker diffractometer using (Cu K� radiation λ= 1.54056 Å). 

The measurements were performed with a step size of 0.02° in the 5-60° range. The peak 

positions of experimental patterns show a satisfactory matching with the simulated ones, 

which clearly indicates good purity of the complexes (1) and (2).The powder diffraction of 

complexes (1) and (2) are shown in Figure S1 and Figure S2, respectively. 

Thermal decomposition patterns of both complexes (1) and (2) were studied by 

thermogravimetric analysis under Argon atmosphere, with a heating rate of 10°C per min 

between 25°C and 600°C and showed in Figure 9. 

  

 

Figure 9. TGA curves of (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) (a) and 

(C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2) (b) 
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The thermal gravimetric analysis curves show that the complexes first lose water molecules, 

then the ligand split and finally being the residue Cr2O3. 

Thermal gravimetric curve for complex (1) shows that it loses four water molecules (observed 

16.89% , calculated 17.17%) in the 200ºC to 220ºC range. The mass loss of 46.45% (Calcd. 

46.98%) was observed in second stage corresponding to the loss of (C7H7N2), CO and O2 in 

the temperature range 253-422°C and probably the formation of Cr2(CO3)3 intermediate. 

In the final step, the Cr2(CO3)3 intermediate degraded into Cr2O3 in the range 422°C-465°C 

with an approximate weight loss of 15.26% corresponding to the departure of CO2 which is 

found to be in good agreement with the calculated weight 15.74%. 

Thermal gravimetric curve for complex (2) shows that it degraded in four steps. First stage 

involved a weight loss mass of 6.45% (Calculated 6.60%) corresponding to the elimination of 

three lattice water molecules in the temperature range 110°C-152°C. The second stage 

represented weight loss of 11% (calculated 10.8%) which leads to the removal of free oxalic 

acid molecule (C2H2O4) from the temperature range 175°C and 237°C. The third step of the 

decomposition from 240°C to 365°C, with a mass loss of 63.84% (calculated 64.94%) 

corresponds to the decomposition of organic part and coordinated oxalate ligand. Fourth stage 

resulted in mass loss of 8.1% (Calcd. 8.07%) due to departure of CO2 and the formation of 

Cr2O3 chromium oxide from the decomposition of chromium carbonate. 

 

3.3 Optical absorption study 

The electronic absorptive spectra of (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) and 

(C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2) were measured in aqueous solution at room 

temperature. The spectra of complex (1) and (2), show in the visible area two bands at 560 

nm, 416 nm for (1) and at 572 nm, 424 nm for (2) corresponding to 4A2g → 4T2g (ν1) and 4A2g 

→4T1g(F) (ν2) transitions, respectively, and one intense band corresponding to charge transfer 

transition in the ultraviolet region for both compounds (Figure 10) [30]. 

The value of the crystal field parameter Dq, Racah parameter B and the unobserved third 

transition 4A2g →
4T1g(P) (ν3) are evaluated from the observed energy bands. Based on 

Tanabe-Sugano diagram the values of these parameters are found as 1785.7cm-1, 607 cm-1 and 

38342 cm-1 for compound (1) and 1751.3 cm-1, 591 cm-1 and 37820 cm-1 for compound (2).  

It is worth noting to mention that the value of Dq/B is equal to 2.94 for (1) and  2.96 for (2) 

which shows that Cr3+ ions for both complexes situated in a strong crystal field sites.  
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Figure 10. UV-Visible of (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) (a) and 

(C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2) (b) with a concentration of 4.7.10-3 M and 3.9.10-3, 

respectively, and a path length d of 1.0 cm 

 

The values of B for both compounds (1) and (2) are evaluated as 607 cm-1 and 591 cm-1, 

respectively, which are significantly smaller than the free ion value of Cr3+, B free = 918 cm-1. 

This decrease in B from B free is caused by the effect of bond covalence [31]. The electronic 

absorptive spectra were also used to determine the experimental band gap by considering the 

Tauc formula [32]:     

αhν = B (hν − Eg)
1/2 

where α is the absorption coefficient, h is Planck's constant, hν is the photon energy of the 

incident photon, Eg is the direct band gap energy, and B is a constant.  

Using Beer–Lambert’s relation, the absorption coefficient (α) can be determined through the 

relation α= 2.303A/d,  where A represents the absorbance determined from the UV–Visible 

spectrum and d is the path length of the quartz cuvette. The optical direct band gap is 

determined from the intercepts of the extrapolated linear part plots of (αhυ)1/2 versus photon 

energy (hυ) as shown in Figure 10. The obtained value of optical band gap is about  4.07 eV 

for (1) and 3.79 eV for (2). These values suggested that compound (1) and (2) may respond to 

UV light and have the potential capacity for catalyzing photodegradation reactions. 

 

 

3.4 Photocatalytic reaction 

Recently, much effort has been devoted to studying inorganic-organic hybrid compound as 

photocatalysts and applying them for degradation of organic dyes. Here, we selected 
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methylene blue as the model pollutant of dye contaminants in water to evaluate the 

photocatalytic effectiveness of complexes (1) and (2). The methylene blue is usually 

employed as a representative of organic dye which is difficult to decompose in wastes. All 

photocatalytic reactions were performed under sunlight irradiation in a quartz beaker. For 

comparison, the photocatalytic process of methylene blue solution without any photocatalysts 

was also investigated under the same condition.  

A sample was taken every 15 min and analyzed on a UV-Vis spectrophotometer (Figure 11). 

The photocatalytic degradation of methylene blue solution with the two synthesized 

compounds was determined by efficiency of degradation (%) parameter where the efficiency 

of degradation (%) is equal to A-A0/A0. A0 is the dye solution absorbance in absence of 

catalyst, A the absorbance in presence of catalyst after time t, this photocatalytic degradation 

of MB solution with the synthesized two compounds was 79% for (1) and 83 % for (2) 

(Figure 12). The results indicate that complexes 1 and 2 possess better degradation ability 

than previously reported complexes [33-35] and can serve as an excellent candidate for 

decomposing MB under sunlight irradiation. 

 

 

Figure 11. UV–Vis absorption spectrums of degradation of 50 ml MB aqueous solution under 

a sunlight  radiation in presence of 20 mg of (1) (a) and 20 mg of (2) (b) 
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Figure 12. Plots of A/A0 against reaction time of complexe (1) and complexe (2) 

 

In order to understand the photocatalytic degradation of MB with complexes (1) and (2), a 

possible mechanism is proposed as follows, upon irradiation under sunlight complexes can be 

excited to produce light-induced electrons. These electrons are excited rapidly from the 

valence band (VB) to the conduction band (CB) at the photocatalytic surface yielding the 

same amount of holes (h+) in the (VB.) 

Therefore, the photogenerated electrons reduce (O2) to (.O2
-) active species, which in turn 

interact with water to generate hydroxyl radical (.OH). As we all know, the (·OH) radical 

works as a strong oxidizing agent to decompose MB into nonpolluting simple molecules and 

complete the photocatalytic process [36]. The main pathways of photocatalytic degradation of 

MB under sunlight irradiation are as follows:  

 

H2O     →    H+ +  OH−              (1) 

h+ + OH− →·OH−                       (2) 

 e− + O2    → ·O2−                       (3) 

·O2− + H+  → HO·
2                     (4) 

 2HO·
2       → H2O2 +O2             (5) 

 H2O2 +O2
−  → ·OH + OH− + O2 (6) 

 H2O2 +  hυ  → 2·OH               (7) 
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3.5 Magnetic properties 

The magnetic properties of (1) under the form of χM and χMT versus T [χM being the magnetic 

susceptibility per chromium(III) ion] are presented in Figure 13 in the temperature range 1.88-

300 K. The value of χMT at room temperature is 1.870 cm3 mol-1 K, which is as expected for a 

magnetically isolated chromium(III) ion (1.875 cm3 mol-1 K for S = 3/2 with g= 2.0).  

With a lowering of a temperature, the χmT value decrease to reach at 1.88 K a value of 1.331 

cm3 mol-1 K. This decrease may be attributed to weak antiferromagnetic intermolecular 

interactions (θ) of six-coordinated chromium(III) ions, to the zero field splitting (D) of the 

chromium(III) or to both factors simultaneously. 

In the light of mononuclear nature of complex (1), we have analyzed the magnetic data 

through the expression [equation (1)] [37] 

χM = N β² g² (χǀǀ + 2χ┴)/3k T     (1) 

where 

χ┴ = {4 + (3kT D)[1 − exp(−2D k�)]}⁄⁄ 4[1 + 2exp(−2D k�)]⁄⁄     (2) 

and  

χǀǀ = [1 + 9exp(−2D k�⁄ )] 4[1 + exp(−2D k�)]⁄⁄  (3)  

the Hamiltonian used being defined by equation (4) 

H= D[	#$% - 1/3S(S + 1)]    (4) 

 

                                       

Figure 13. Plots of the temperature dependence of χM and χMT for Cr(III) complex (1) 

 

 The parameters N, β, k and g in equation (1) have their usual meanings. Least-squares 

fit of the χMT data through equation (1) leads to the following set of parameters: D=  4.35cm-1, 

g= 1.98 and R= 1.42.10-4 (R is the agreement factor defined as ∑ ' [(χMT)obs(i) - 

(χMT)calc(i)]
2/∑ ' [(χMT)obs(i)]

2). The agreement with the calculated and theoretical data was no 
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quite good. Assuming that the decrease of the susceptibility data of (1) is only due to 

intermolecular interactions (θ), D is made equal to zero in eqns. (1), (2) and (3) and T was 

replaced by T - θ  in eqn. (1).  Least-squares fit through the modified expression of eqn. (1), 

leads to parameter  θ equal to -0.82 K and g value equal to 1.98 and R= 4.10-5. The computed 

curve didn't follow the magnetic data better than the first fit. Finally, we have tried to simulate 

the magnetic data through Eq. (1). by replacing T by T - θ and taking into account D as a 

variable parameter in eqns. (2) and (3). Best-fit parameters for this case are D= 1 cm-1, g= 

1.98, θ= -0.68 K and R= 8.410-6.  The computed curve match the magnetic data very well in 

this case (Figure S3). 

Thus, we have only considered the third fit results and we have concluded that the decrease of 

the values of χMT  is due to the existence of a weak antiferromagnetic interaction between the 

[Cr(C2O4)2(H2O)2]
- entities with a little contribution of ZFS effect. 

In fact, the small magnetic coupling observed in complex (1) is in agreement with the 

mononuclear nature and the large intermolecular metal–metal separation (Cr...Cr being equal 

to 6.089 Å ) across the possible long exchange pathways within the supramolecular system . 

 

4. Conclusion 

In summary, two chromium coordination compounds with different structures have been 

obtained by slow evaporation of the solvent reactions at room temperature. The two 

coordination compounds extend into 3-D supramolecular architectures by hydrogen bonding 

interactions and/or π-π stacking interactions. Structural analyses revealed differences in their 

formulations and in their supramolecular connectivity. 

The results of thermal analysis was performed to show the good agreement with the molecular 

formula and to prove the thermal stability of the compound. All the existing spin-allowed 

transitions presented in the electronic absorption spectra have been assigned using Tanabe-

Sugano diagram.  Racah parameters were calculated to evaluate the nephelauxetic effect of 

(Cr3+). The Tauc model was used to obtain the optical band gap and the obtained values have 

permitted to classify them as semi-conductors. 

Moreover, the photocatalytic experiments showed that both complexes are good candidates 

for the photocatalytic degradation of methylene blue. The results of this study may be helpful 

in facilitating the design of new photocatalytic materials. The variable temperature magnetic 

susceptibility measurement of compound (1) shows the existence of weak antiferromagnetic 

interactions between the metal centers. 
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Supplementary materials  

Crystallographic data and full lists of bond lengths and angles have been deposited with the 

Cambridge Crystallographic Data Centre, CCDC No 1582710 for compound (1) and  

1582711 for compound (2).  Copies of this information may be obtained free of charge from 

The Director, CCDC, 12 Union Road, CAMBRIDGE, CB2 1EZ, UK (fax:+44-1223-336-033; 

e mail:deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk). 
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Figure captions:  
Figure 1. A view of the asymmetric unit of (1) with the atom numbering scheme. 

Displacement ellipsoids are drawn at the 50% probability level and H atoms are represented 

as spheres of arbitrary radius 

Figure 2. (a) View of a 2-D network of (1) through adjacent chains which are formed by 

intermolecular hydrogen bonding interactions; (b) View of 5 identifying the graph set motifs 

within the hydrogen bonded sheets 
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Figure 3. Projection of the (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O structure along the a axis 

showing the hydrogen-bonded network 

Figure 4. Intermolecular O-H…O and N-H…O hydrogen bonds present in compound (1) 

Figure 5. A view of the asymmetric unit of (2) with the atom numbering scheme. 

Displacement ellipsoids are drawn at the 50% probability level and H atoms are represented 

as spheres of arbitrary radius 

Figure 6. Projection of  along the c axis showing the hydrogen-bonded network 

Figure 7. View of a fragments of the molecular structure of 

(C7H7N2)3[Cr(C2O4)3](H2C2O4)3.H2O showing well-directional  hydrogen bonding 

interactions 

Figure 8. (a) View of the 3-D network of compound (2); (b)  A view of the hydrogen bonding 

in (2), showing the ring motif 

Figure 9. TGA curves of (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) (a) and 

(C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2) (b) 

Figure 10. UV-Visible of (C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) (a) and 

(C7H7N2)3[Cr(C2O4)3](H2C2O4).3H2O (2) (b) with a concentration of 4.7.10-3 M and 3.9.10-3, 

respectively, and a path length d of 1.0 cm 

Figure 11. UV–Vis absorption spectrums of degradation of 50 ml MB aqueous solution under 

a sunlight  radiation in presence of 20 mg of (1) (a) and 20 mg of (2) (b) 

Figure 12. Plots of A/A0 against reaction time of compound (1) and compound (2) 

Figure 13. Plots of the temperature dependence of χM and χMT for Cr(III) complex (1) 

 

 

 

Table captions:  

Table 1.  Summary of the crystal data and structure refinement for 

(C7H7N2)[Cr(C2O4)2(H2O)2].2H2O (1) and (C7H7N2)3[Cr(C2O4)3](H2C2O4)3.H2O (2) 

Table 2. Hydrogen bonds of complex (1) 

Table 3. Hydrogen bonds of complex (2) 

 

 

 

 





HIGHLIGHTS : 

• Supramolecular chromium (III) compounds were synthesized by slow evaporation at 

room temperature.  

• The photochemistry behavior of both compounds were investigated. 

• Magnetic study shows the presence of an antiferromagnetic interaction. 

• Both compounds exhibit good photocatalytic capability in degradation of MB  
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