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Abstract

Two metal complexes (€17N2)[Cr(C204)2(H20),].2H,0 (1) and
(C7H7N2)3[Cr(C204)3](H2C204).3HO (2), have been synthesized by self-assembly of a
benzimidazole ligand and oxalic acid anion withachium(lll) as metal. The complexes (1)
and (2) were characterized by single crystal Xd#fraction, TG analysis and spectroscopy
techniques. The molecular structure of complexgsuitl (2) appear to be a modular associate
consisting of a complex anion containing trival@ntas the central atom, a bridging hydrogen
oxalate anion, a monoprotonated benzimidazolengcéis the counter-cation and water
molecules. The atomic arrangement of complexesuitl) (2) can be described as inorganic
layers of anionic chromium complex and water mdiesbetween which organic cations
(C/H:N,)" are located. The crystal packing of complexesa(i) (2) is ensured by extensive
O-H...O and N-H...O hydrogen bonds. In addition, thegnedic properties of the complex
(1) were determined in the range 1.8-300 K showangery weak antiferromagnetic
interactions between Cr(lll) centers with a litb®ntribution of ZFS effect. Moreover,
complexes (1) and (2) exhibit significant degraolatdof methylene blue (MB) under sunlight

irradiation.

Keywords. Structural determination; optical characterizatiomagnetic properties;
photocatalytic application.

1. Introduction

The design and construction of new functional iaoig—organic hybrid coordination
compounds have been one of the pioneer fields mewu crystal engineering due to
compositional diversity, structural versatilignd potential applications in diverse areas such
as catalytic, optical, magnetism, electrochemising medicine [1-3].

One of the most important area of application istately the field of photocatalysis.
Nowadays,anextensive work has been focused on the photocatalggradation of organic
dyes using inorganic-organic hybrid complexes duthéir non-toxicity, good photocatalytic
properties and low production costs [4-6]. It mbetpointed out that organic dyes released
via wastewaters represent an important source fitjpm, leading to eutrophication and
perturbation of aquatic life [7]. On the other siderganic-organic hybrid complexes being
magnetic systems involving H-bonds, have also @#thattention of researchers due to the
possibility of controlling the exchange couplingween parts of molecular quantum systems,

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



Motivated by the above-mentioned properties, we ehalecided to design a new
multifunctional hybrid organic-inorganic compounti&ised on supramolecular concepts
combining these properties. In fact, the self-asdgrof the desired functional compounds
depends on many factors, such as the ligand—metalr matio, temperature, pH, solvent, the
coexisting neutral ligands and the nature of thgaoic ligands [10-12]. Among them, we
judiciously chose the oxalate dianion which belongsthe family of dicarboxylate type
ligands, owing the specific disposition of the Chdpatoms, acting as chelate. Thus, in the
presence of transition metal ions, it offers a urignode of coordination based on the
formation of five-membered rings. On the other hahtias been proved that oxalate ligand
act as efficient mediators of the magnetic inteoacbetween the paramagnetic transition
metal centers offering a great opportunity to depehew magnetic materials and explore
magneto-structural correlations [13,14]. Indeedvdiidazole and its derivates have received
extensive attention for their high structural sigband we have used benzimidazole as ligand
due to its larger conjugatedsystem, capable of acting as hydrogen bond dammisinzt-n
stacking interaction [15]. It is worth noting thaoperties ofthe orbital magnetic moments of
Cr(lll) complexes have attracted many researchetagthe ability of optimizing magnetic
coupling and zero-field splitting [16,17]. Moreoyéne known oxidative’E) excited state of
Cr(lll) can be used for water splitting and @oduction [18].

Based on the above considerations and in the hibpletaining new multifunctional organic-
inorganic compounds, oxalic acid and benzimidadajand assembled with the stable
chromium  (ll) ion, were used to achieve two novelcomplexes:
(C7H7N2)[Cr(C204)2(H20)2].2H20 (1) and  (GH7N2)3[Cr(C204)3](H2C204).3H0 (2). On
both compounds, the single crystal X-ray structwese determined; the infrared and UV-
visible spectra were acquired and the thermogravimanalyses were made. Furthermore,

magnetic measurements and photocatalytic propevies also explored.

2. Experimental
2.1 Material and methods

All reagents and solvents for the syntheses werehpged from commercial sources and used
as received without further purification. Methylebkie was bought from Merck. Infrared
spectrum on KBr pellets was recorded on a Nicol€ BTIR spectrophotometer, in the range
4000-400 cnt. X-ray powder diffraction measurements were pented on a D8 ADVANCE
BRUKER diffractometer using Cu-Kradiations and equipped with Lynxeye accelerator.



Thermogravimetric analysis (TGA) was carried outarsetaram TAG-24 thermoanalyser
instrument, under Ar at a heating rate of 10°C mper. The UV-Visible absorption spectra
were obtained on a 2802 UV/Vis spectrophotometeNI@D) in 250-750 nm region.

Magnetic susceptibility measurements under 0.5 gneac field in the range 1.88-300 K
were performed with quantum design (supercondudirantum interference device SQUID)
magnetometer. All measurements were performed dgcpystalline samples. Pascal’s
constants were used to estimate the diamagnetieatimns, which were subtracted from the

experimental susceptibilities to give the correctemlar magnetic susceptibilities.

2.2 Preparations of the complexes

221 Synthesis of (C7H7N2)[Cr(C204)2(H20)2].2H20 (1)

To a solution containing oxalic acid dihydrate (2nol, 252.2 mg) and benzimidazole
(C7/HgN2) (1 mmol, 118.14 mg) dissolved in 10 ml of ®BIETOH mixture (1:1 by volume), an
agueous solution of the chromium nitrate nonahgd(atmmol, 400.15 mg dissolved in 10
mL H,O) was added dropwise. The reaction mixture obthimas heated at 50°C for an hour
with continuous stirring. The resulting solution sven cooled down to room temperature
and kept unperturbed for the slow evaporation efdblvent. Purple single crystals suitable
for X-ray diffraction analysis were obtained aftere week (scheme 1(a)).

Yield 72 % ; m.p. = 276°C. Main IR absorption barmbserved fofl) (KBr pellet, cm?) are

: 3120 m ¢ O—H) , 1671 s\syC=0), 1384 my;,C=0), 1241 m (C aromatic ring - N), 817
w (8 C=0), 470 w (Cr-0O) .

222 S)/nth%is of (C7H7N2)3[CF(C204)3] (H2C204) .3H>0 (2)

Chromium(lll) nitrate nonahydrate (400.15 mg, 1 ninwas dissolved in 10 mL of water.
This solution was allowed to react with oxalic adidydrate (2 mmol, 252.2 mg) dissolved in
5 mL of water. An aqueous solution (10 mL) of bemziisazole (1 mmol, 118.14 mg) was
added drop wise to the above purple solution wathtiouous stirring. The combined solution
was stirred and left to evaporate for several holinge resultant crystals were obtained after 5
days (scheme 1(b)). Yield 83% ; m.p. = 283°C. M&nabsorption bands observed {@j
(KBr pellet, cm?) are :2955 m { O-H) ,1641 S\asy C=0), 1368 mysyC=0), 1255 m (C
aromatic ring - N), 808 ws(C=0), 458 w (Cr-O) .

2.3 Photocatalytic experiments



The photocatalytic activities of compound) and compound(2) were evaluated for
degradation of methylene blue (MB). Experimentsenearried out under sunlight irradiation
as follows: 20 mg of the solid sample was dispersgd a tube containing 100 mL of
methylene blue solution (10 mg/L). The reaction wased in a dark environment for over
1 h in order to eliminate adsorption effects betwé®e catalyst and solution. The solution
was then exposed to sunlight irradiation. At giwetervals, 5 mL of reaction solution was
periodically taken and dispersed powders were readyy centrifugation. The resulting
solutions were analyzed with a UV/Vis spectrophatten Degradation of the organic dyes
under the same conditions, without any complexesal&o carried out for comparison.
Considering the initial absorbance values of the siylution as 4 and the absorbance values
at time t as A, the degradation efficiency (D) of the dye isided as follows:

D = [(Ao - A )/Ao] x 100

2.4 X-Ray crystallography

Single crystal X-ray diffraction data f¢t) and(2) were collected at 298 K on Kappa CCD
diffractometer by using graphite-monochromated Mo{K = 0.71073 A) radiation. The
structures were solved by Direct methods using ZR4 and refined against &n all data by
full-matrix least-squares methods using SHELXL-2G149,20].

Metal atoms in each complex were located fromBheaps and non-hydrogen atoms were
located in successive difference Fourier synthemas$ refined with anisotropic thermal
parameters on’FThe hydrogen atoms of the aromatic organic ligdmshded to carbon were
inserted at calculated positions withHCdistance of 0.93 A. While those attached to gigro
were placed with d(NH) = 0.86 A. All were included as riding contribortis with isotropic
displacement parameters 1.2 - 1.5 times thoseeoétiached atoms. The hydrogen atoms of
the water molecules were found in a difference FEoumap and refined with restraints:
d(O-H) = 0.85(1) A, d(H...H) = 1.387(2) A andiss(H) = 1.8Jeq(O). The molecular plots
were drawn with the Diamond 3.0 program [21]. Raldvcrystallographic data and data

collection parameters are summarized in Table 1.



Table1l. Summary of the crystal data and structure refingrfogn
(C7H7N2)[Cr(C204)2(H20)2].2H20 (1) and (GH7N2)3[Cr(C204)3](H2C204)3.H0 (2)

Formula C11H15CrN,O45 C,7H2¢CrNgO1g
Formula weight 419.25 817.58

Crystal system Triclinic Orthorhombic
Space group P-1 Pbca

Volume (&) 826.4(3) 6809 (2)

z 2 8

a (A) 7.245(1) 18.029 (4)

b (A) 7.725 (2) 19.123 (4)

c (A) 15.162(3) 19.479 (4)

a (°) 97.37(1) 90

B (°) 98.17(2) 90

v (°) 96.04(1) 90
Temperature (K) 298 298

p (g.cm®) 1.685 1.595

u (mm?) 0.76 0.43

0 range (°) 2.7 -27 1.90 - 30.00
Crystal size (mr) 0.38 x 0.26 x 0.16 0.40 x 0.32 x 0.21
F (000) 430 3368

Index ranges 9<h<8,-Xk<9,-19<1<19 | -25xh<24, -26k<26,-27<|<27
Total data collected 7051 117016
Independent reflections | 3589 9913
Reflections with 3330 7966

I > 26(1)

Rint 0.017 0.057
Goodness-of-fit on ¥ 1.11 1.17

R (F) [I > (1)]% all data | 0.029/0.032 0.036/0.053
WR () [I > 25(1)]Y all 0.082/0.084 0.088/ 0.105
data

Residuals (e.R) 0.32 and -0.36 0.37 and -0.60

2 R :Z”Fol_“:c“/ZlFol

"WR = {Z [wW(Fo> -/ [W(FA)T} 2

3. Results and discussion

3.1 Crystal structures

The crystal analysis reveals that complé@x is formed by one [Cr(oxjH.O),]” anion,

(C;H/N,)* cation, and two water molecules of crystallizat{Bigure 1). The central &rion

of the complex anion is hexacoordinated by two @xygtoms from water molecules a¢rs

position and four carboxylate oxygen atoms.




Figure 1. A view of the asymmetric unit ¢fl) with the atom numbering scheme.
Displacement ellipsoids are drawn at the 50% pribbalevel and H atoms are represented

as spheres of arbitrary radius

The three diagonal angles of metal polyhedron BZ(®)° to 174.35(5)°] deviate from
linearity, therefore the coordination geometry aa\Cr(Ill) atoms is a distorted octahedron
built up by two O atoms (01, O2) from two cis wateolecules and four O atoms (O3, O4,
05, 06) from two chelating oxalate dianions.

In order to calculate the octahedron deviations @ppropriate to use parameter, which is
the sum of the deviation away from 90f the twelve possible O-Cr-O bite angles. As such,
the value for an ideal octahedron3sO0, so that higher the value, the greater is thodisn.

The formula used for the calculation is the follogi{22]:

12
5= Z 190 — a;|
i=1

In the case of compled), ¥=32.52 indicating a distorted octahedral geometrytlie metal
coordination sphere. The O—Cr-0O bite angles (88)17(0 93.72(6)°) are far from the ideal
one range from of 90° because of the usual smedldize of five-membered planar chelate
rings formed by the bidentate oxalate ligand. Settbond lengths and angles are gathered in
Table S 1. The Cr-O(ox) bond lengths of 1.963(2)d those of Cr-O(water) of 1.978(2)° are
comparable with the values reported for similar poonds containing the
[Cr(C,04)2(H20),]” motif, completed with various uncoordinated cagi¢23,24].

The anionic units are interlined with each other rogans of O-H...O hydrogen bonds,
through coordinated water molecules (O1 and O2) aumgr oxygen atoms from oxalate

ligand (O7 and O8) giving rise to a cyclic motif.R2), and through uncoordinated water
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molecules (011 and O12) and inner oxalate O atdd#sgnd O6) giving rise to different
types of rings By(12), R4(12), R4(16) and R4(20) [25]. This assembly generates an infinite
two dimensional (2-D) layers parallel to (001) marigure 2). Details of all hydrogen bond

interactions are given in Table 2.

Figure 2. (a) View of a 2-D network of1) through adjacent chains which are formed by
intermolecular hydrogen bonding interactiofi®; View of 5 identifying the graph set motifs
within the hydrogen bonded sheets

Table 2. Hydrogen bonds of compl€g)

O1-H1A - O7i 0.80 (2) | 1.88(2)| 2675(2) 172(2
O1-H1B- - - O10ii 0.72(3) | 1.99(3)| 2697 (2) 169.42
02-H2A---011 0.77(3) | 1.84(3)| 2.601(3) 1733
O2-H2B- - O8iii 0.79(3) | 1.97(@3)| 2741(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) 178.0€
O12-H12A---06i | 0.75(4) | 2.11(4)| 2.847(4) 170.29
O12-H12B---O4 0.75(4) | 2.15(4)| 2.892(3) 1733
N1-H1.--O10v 0.86 227 | 3.043(3 151
N2-H2---08 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 theatag charge of the anionic part is assured

by independent benzimidazole cations localizedhéinterlayer spacing .



Figure 3. Projection of the (€H7N2)[Cr(C204)2(H20).].2H,0 structure along the
a axis showing the hydrogen-bonded network

The geometric features of the organic cations sti@at the benzimidazole ligand is planar
and the average C—C (1.380(3) A) and C—N (1.34&)3)ond lengths, and the average angles
(108°) within the rings are in a good agreemenhlibse reported in the literature [26,27]. It
is worth noting that benzimidazole cations have kvbond sites well positioned to interact
with the two outer O of an oxalate. Figure 4 shovedl that the interconnection between the
inorganic layers and the benzimidazole units iseadd by hydrogen-bonding that link the
first amino N1-H1 group to the free O9 oxalate Onad¢ and the second amino N2-H2 group
to the outer O8 oxalate O atoms, forming a cat@msns interaction type by connecting the
positive and the negative layers. As a consequer@e;r interaction is present between the

benzimidazole molecules in complEy.

-

=
/

f‘“?s *.

/\. £

Figure 4. Intermolecular O-H...O and N-H...O hydrogen bonds @n¢$n complex1)

Complex (1) represents a case of such a combination of diffengdrogen bonding that
contributes to the self assembly process and lea8< packing .



Complex(2) is made up of one [Cr¢0,)s]>~ anion, three (@H/N,)" organic cations, one

neutral oxalic acid molecule §8,0,) and three KO molecules (Figure 5).

0O16 012 f
> C
) 03 "

013

Figure5. A view of the asymmetric unit &) with the atom numbering scheme.
Displacement ellipsoids are drawn at the 50% pritibalevel and H atoms are represented

as spheres of arbitrary radius

In (2), the CI' cation shows a slightly distorted octahedral emvinent which is formed by
six oxygen atoms from three chelating oxalate gsouhe values of the chelate angtes
(82.24(4)°, 82.27(4)° and 82.48(5)°) are signifibansmaller than those of an ideal
octahedrond = 9C°). As calculated for complefd), the value ok parameter of 32.02 shows
well the distortion of the octahedron.

The Cr-O distances are in the range of 1.957(1).983(1) A and the O—Cr-0O angles are in
the range of 82.24(4) - 174.77(5). These valuesaarexpected for this type of bonding and
similar bond distances and angles have been oluikerawdier in similar compounds [28,29].
The detailed bond distances and bond angles avensinoTable 2.

In fact, structurd€?) is characterized by the presence of free oxaldt @ait, in which two sets
of carbon-oxygen oxalate bond distances are obdefre shortest values of 1.209(2) A and
1.201(2) A, belonging to C7-013 and C8-014, respelst, are characterized by their greater
double bond character. However bond distances 6DC% and C8-0O16 are somewhat longer.
The ranges values of these bonds are 1.306(2) A &@%(2) A. The differences in the C-O
bond lengths are due to the localization of thebtws single bond: one set is C=0, while
the other is C-O-H. The oxalate C-C bond distarazesin the range of 1.543(3) A reflecting

carbon-carbon single bond character.

10



The structurd?2) can be described as inorganic layers formed byds@)s]* units and free
oxalic acid molecules parallel to (100) plane ioc#dated by sheet of organic cations

(C;H-N,)" and free water molecules (Figure 6).

Figure 6. Projection of along the c axis showing the hyeérmgonded network

In the inorganic layers the cohesion between theanaclear [Cr(@0,)s]*> dimers, is assured
through the free oxalic acid molecules via O-H.h@rogen bonds (O15-HO1---011 and
016-HO2---09).

The most fascinating feature of the struct(®eis that the lattice water molecules (017 and
019) occupy the cavity inside the networks and a@dmopinteresting orientation so that four
O-H---O hydrogen bonds are generated between (@Bj,and four oxygen atoms (02, O3,
08, 010) (Figure 7).

Figure 7. View of afragments of the molecular structure
of (C7H7N2)3[Cr(C204)3](H2C204)3.H,0O showing well-directional

hydrogen bonding interactions

11



These linkage connect adjacent anionic moietiesgarelrise to R, (12) rings. The detailed

hydrogen bond distances and bond angles are shoWebie 3.

Table 3. Hydrogen bonds of complgR)

D-H---A D-H H--A D--A | D-H-A
O17-HW6---02 0.92(3) | 1.99(3)| 2.862(2) 159 (3
O17-HW3---010i | 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) 1753
O15-HO1---O11vi | 0.99 (3) | 1.62(3)| 2.608(2) 177 (3

O16-HO2---O%ii | 0.98 (4) | 1.76 (3)| 2.606(2) 142 (3
NI-HZ1---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- - - O17ii 0.86 1.903) | 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; (i) x+1/2, +¥/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+1vii) —x+5/2, =y, z+1/2; (viii) X, —y+1/2,
z-1/2.

The benzimidazole cations characteristics are amoil structurg1). However, an additional
stability of the crystal2) is afforded byz—r interactions between the aromatic rings of the
cations (GH;N2)*. The centroid—centroid distance between two owanings of

benzimidazole is equal to 3.614 A.

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

in (2), showing the ring motif

12



As shown in Figure 8a, the space between the aniamits is occupied by benzimidazole
organic cations that cross-link the nearest-neighdgers by means of N-H...O (N1-H1...08,
N2-H2...019, N3-H3...01, N4-H4...017, N5-H5...01B6-H6...018) connecting the

protonated benzimidazole cations to peripheraldina of oxalate and free water molecule to

afford supramolecular inorganic—organic hybrid 3ubhitecture (Figure 8b).

3.2 Powder X-ray diffraction and thermogravimetric studies

In order to check the purity of complex€¥) and (2), powder X-ray diffraction of the
synthesized samples were measured at room temperaltie diffraction pattern was
obtained on a D8 ADVANCE Bruker diffractometer ugifCu K, radiationi= 1.54056 A).
The measurements were performed with a step siZe0@° in the 5-60° range. The peak
positions of experimental patterns show a satisfgctnatching with the simulated ones,
which clearly indicates good purity of the complex®) and(2).The powder diffraction of
complexeg1) and(2) are shown in Figure S1 and Figure S2, respectively

Thermal decomposition patterns of both complex@s and (2) were studied by
thermogravimetric analysis under Argon atmospheith a heating rate of 10°C per min
between 25°C and 600°C and showed in Figure 9.

(a) (b) o

6.45 % departure of 3H20

16.89% departure of 4H:0
10.80 % departure of H2C204

46.45% departure of (C-H>N:),

CO. O 63.84 % departure of 3(C7H7N2),

02,CO02, CO

15.26% departure

8 % departure of CO2
of CO:

T
T > L ¥ T > L ) T i 100 200 300 400 500

Temperature (°C) Temperature (°C)

Figure 9. TGA curves of (GH/N2)[Cr(C;04)2(H20),].2H-0 (1) (a) and
(C7H7N2)3[CI’(CzO4)3](H 2CzO4).3H20 (2) (b)
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The thermal gravimetric analysis curves show thatdomplexes first lose water molecules,
then the ligand split and finally being the residigOs.

Thermal gravimetric curve for complé€X) shows that it loses four water molecules (observed
16.89% , calculated 17.17%) in the 200°C to 22@f@e. The mass loss of 46.45% (Calcd.
46.98%) was observed in second stage correspomalitige loss of (€H7N,), CO and Qin

the temperature range 253-422°C and probably timedton of Cg(COs3)zintermediate.

In the final step, the G(COs); intermediate degraded into Lk in the range 422°C-465°C
with an approximate weight loss of 15.26% corresiiog to the departure of GQvhich is
found to be in good agreement with the calculategyiat 15.74%.

Thermal gravimetric curve for compl€®) shows that it degraded in four steps. First stage
involved a weight loss mass of 6.45% (Calculat&®%) corresponding to the elimination of
three lattice water molecules in the temperaturegeall0°C-152°C. The second stage
represented weight loss of 11% (calculated 10.8%ghvleads to the removal of free oxalic
acid molecule (eH.0,4) from the temperature range 175°C and 237°C. Thd step of the
decomposition from 240°C to 365°C, with a mass 106§63.84% (calculated 64.94%)
corresponds to the decomposition of organic pattaordinated oxalate ligand. Fourth stage
resulted in mass loss of 8.1% (Calcd. 8.07%) dudefmarture of C®and the formation of
Cr,0O3 chromium oxide from the decomposition of chromicanbonate.

3.3 Optical absor ption study

The electronic absorptive spectra of 7KEN,)[Cr(C,04)2(H20),).2H,O0 (1) and
(C7H7N2)3[Cr(C204)3](H2C204).3HO (2) were measured in aqueous solution at room
temperatureThe spectra of complefd) and(2), show in the visible area two bands at 560
nm, 416 nm fo1) and at 572 nm, 424 nm (@) corresponding t&A,; — “Tag (v1) and*Ay
—>4Tlg(F) (v2) transitions, respectively, and one intense bamtesponding to charge transfer
transition in the ultraviolet region for both comypals (Figure 10) [30]

The value of the crystal field parameteg, Racah parameter B and the unobserved third
transition 4Azg —>4T19(P) (v3) are evaluated from the observed energy bandsedBas
Tanabe-Sugano diagram the values of these paranseefound as 1785.7&m607 cnit and
38342 cni for compoundl) and 1751.3 cif, 591 cnt and 37820 cifor compound2).

It is worth noting to mention that the value of Bgé equal to 2.94 fofl) and 2.96 fo(2)
which shows that Gf ions for both complexes situated in a strong afyf&ld sites.
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Figure 10. UV-Visible of (C;H7N2)[Cr(C;04)2(H20).].2H,0 (1) (a) and
(C7H7N2)3[Cr(C504)3](H2C>04).3H,0 (2) (b) with a concentration of 4.7.FM and 3.9.10,
respectively, and a path length d of 1.0 cm

The values of B for both compoun¢® and (2) are evaluated as 607 ¢rand 591 crit,
respectively, which are significantly smaller tttae free ion value of €f, B free = 918 cmh.
This decrease in B from B free is caused by theceféf bond covalence [31]. The electronic
absorptive spectra were also used to determinexperimental band gap by considering the

Tauc formula [32]:
ahv = B (hv - Ey)*?

wherea is the absorption coefficient, h is Planck's cansthy is the photon energy of the
incident photon, Eg is the direct band gap eneagy, B is a constant.

Using Beer—Lambert’s relation, the absorption dowht (@) can be determined through the
relationoa= 2.303A/d, where A represents the absorbancerdieted from the UV-Visible
spectrum and d is the path length of the quartzettev The optical direct band gap is
determined from the intercepts of the extrapolditeear part plots ofdhv)*? versus photon
energy () as shown in Figure 10. The obtained value ofcaptband gap is about 4.07 eV
for (1) and 3.79 eV fo(2). These values suggested that compadhend(2) may respond to
UV light and have the potential capacity for catatg photodegradation reactions.

3.4 Photocatalytic reaction

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

photocatalysts and applying them for degradationomjanic dyes. Here, we selected
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methylene blue as the model pollutant of dye comants in water to evaluate the
photocatalytic effectiveness of complexég and (2). The methylene blue is usually
employed as a representative of organic dye wisdtiifficult to decompose in wastes. All
photocatalytic reactions were performed under ghblirradiation in a quartz beaker. For
comparison, the photocatalytic process of methyl#ne solution without any photocatalysts
was also investigated under the same condition.

A sample was taken every 15 min and analyzed oN-¥/ld spectrophotometer (Figure 11).
The photocatalytic degradation of methylene bludutsmm with the two synthesized
compounds was determined by efficiency of degradat¥o) parameter where the efficiency
of degradation (%) is equal to Aso. Ao is the dye solution absorbance in absence of
catalyst, A the absorbance in presence of catafyst time t, this photocatalytic degradation
of MB solution with the synthesized two compoundasw/9% for(1) and 83 % for(2)
(Figure 12). The results indicate that complexeandl 2 possess better degradation ability
than previously reported complexes [33-35] and sarve as an excellent candidate for

decomposing MB under sunlight irradiation.
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Figure 11. UV-Vis absorption spectrums of degradation ohBMB aqueous solution under
a sunlight radiation in presence of 20 m@if(a) and 20 mg of2) (b)
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Figure 12. Plots of A/A) against reaction time of comple{® and complex€2)

In order to understand the photocatalytic degradatif MB with complexegl) and (2), a
possible mechanism is proposed as follows, upawlimtion under sunlight complexes can be
excited to produce light-induced electrons. Thelsetemns are excited rapidly from the
valence band (VB) to the conduction band (CB) at photocatalytic surface yielding the
same amount of holes’fhin the (VB.)

Therefore, the photogenerated electrons redugg tO(O,) active species, which in turn
interact with water to generate hydroxyl radic@H). As we all know, the-QH) radical
works as a strong oxidizing agent to decompose M8& monpolluting simple molecules and
complete the photocatalytic process [36]. The npaithways of photocatalytic degradation of
MB under sunlight irradiation are as follows:

H,0 — H+ OH (1)

h* + OH —OH )
€+0 — 02 3)
‘02 +H" — HO, (4)
2HO,  — Hy0, +0; (5)

H;0; +O;” — ‘OH + OH + O; (6)

H.O, + hv — 20H (7)
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3.5 Magnetic properties

The magnetic properties ¢f) under the form ofy andyuT versusT [yv being themagnetic
susceptibility per chromium(lll) ion] are presentad-igure 13 in the temperature range 1.88-
300 K. The value ofyT at room temperature is 1.870 tmol™* K, which is as expected for a
magnetically isolated chromium(lll) ion (1.875 tmol™ K for S = 3/2 with g= 2.0).

With a lowering of a temperature, thgT value decrease to reach at 1.88 K a value of 1.331
cm® mol* K. This decrease may be attributed to weak amtifeagnetic intermolecular
interactions ) of six-coordinated chromium(lll) ions, to the aefield splitting (D) of the
chromium(lll) or to both factors simultaneously.

In the light of mononuclear nature of complél, we have analyzed the magnetic data
through the expression [equation (1)] [37]

v = NP2 g2 g+ 2¢0)/3kT (1)

where

L ={4 + (3KkT/D)[1 — exp(—2D/KT)]}/4[1 + 2exp(—2D/KT)] (2)

and

v =1+ 9exp(—2D/KkT)]/4[1 + exp(—2D/KT)] (3)

the Hamiltonian used being defined by equation (4)

H=D[SZ-1/3S(S+1)] (4)

20

194
4 'II.‘
18+ ‘ §
cs o
05 o j
o 120

%y T{em® mol™ K)
% fom”* mol’)
*

144 .
o

5 100 150 200 250 00

Temperature (K)

T T T T T T T T
0 50 100 150 200 250 300
Temperature (K)

Figure 13. Plots of the temperature dependencgo&ndyuT for Cr(lll) complex(1)

The parameters N, k and g in equation (1) have their usual meanihgast-squares
fit of theyw T data through equation (1) leads to the followiagaf parameters: D= 4.35¢m
g= 1.98 and R= 1.42.170 (R is the agreement factor defined BS [(mTDobdi) -
G NeadD] XX i [(mNobdi)]?). The agreement with the calculated and theoladia@ was no
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quite good. Assuming that the decrease of the ptibdgy data of (1) is only due to
intermolecular interaction®), D is made equal to zero in egns. (1), (2) anda(® T was
replaced by T 8 in egn. (1). Least-squares fit through the mediexpression of eqn. (1),
leads to parameted equal to -0.82 K and g value equal to 1.98 and!R8°. The computed
curve didn't follow the magnetic data better thafirst fit. Finally, we have tried to simulate
the magnetic data through Eq. (1). by replacingyTTh- 6 and taking into account D as a
variable parameter in egns. (2) and (3). Bestditameters for this case are D= 15mg=
1.98,0= -0.68 K and R= 8.418 The computed curve match the magnetic data wetlin
this case (Figure S3).

Thus, we have only considered the third fit resattd we have concluded that the decrease of
the values ofuT is due to the existence of a weak antiferromagmeteraction between the
[Cr(C.04)2(H20),] entities with a little contribution of ZFS effect.

In fact, the small magnetic coupling observed imptex (1) is in agreement with the
mononuclear nature and the large intermoleculaakaetetal separation (Cr...Cr being equal
to 6.089 A )across the possible long exchange pathways witleistipramolecular system .

4. Conclusion

In summary, two chromium coordination compoundshwdifferent structures have been
obtained by slow evaporation of the solvent reacti@at room temperature. The two
coordination compounds extend into 3-D supramogecaichitectures by hydrogen bonding
interactions and/ot-n stacking interactions. Structural analyses revkdl#erences in their
formulations and in their supramolecular connettivi

The results of thermal analysis was performed twstie good agreement with the molecular
formula and to prove the thermal stability of th@mpound. All the existing spin-allowed
transitions presented in the electronic absorpsipactra have been assigned using Tanabe-
Sugano diagram. Racah parameters were calculatedaluate the nephelauxetic effect of
(Cr*"). The Tauc model was used to obtain the opticatiliap and the obtained values have
permitted to classify them as semi-conductors.

Moreover, the photocatalytic experiments showed biodh complexes are good candidates
for the photocatalytic degradation of methyleneebllihe results of this study may be helpful
in facilitating the design of new photocatalytic teréals. The variable temperature magnetic
susceptibility measurement of compouidyl shows the existence of weak antiferromagnetic

interactions between the metal centers.
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Supplementary materials

Crystallographic data and full lists of bond lergyind angles have been deposited with the
Cambridge Crystallographic Data Centre, CCDC No 2F3® for compound(1l) and
1582711 for compoun®?). Copies of this information may be obtained fréelarge from
The Director, CCDC, 12 Union Road, CAMBRIDGE, CBRZ, UK (fax:+44-1223-336-033;

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

Displacement ellipsoids are drawn at the 50% pritibakevel 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 interactio(is; View of 5 identifying the graph set motifs

within the hydrogen bonded sheets
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Figure 3. Projection of the (€H7N2)[Cr(C204)2(H20).].2H,0 structure along tha axis
showing the hydrogen-bonded network

Figure4. Intermolecular O-H...O and N-H...O hydrogen bonds @né$n compoundl)

Figure 5. A view of the asymmetric unit of2) with the atom numbering scheme.
Displacement ellipsoids are drawn at the 50% pritibakevel and H atoms are represented
as spheres of arbitrary radius

Figure 6. Projection of along the c axis showing the hy@rmgonded network

Figure 7. View of a fragments of the molecular structure  of
(C7H7N2)3[Cr(C204)3](H2C204)3.H,O  showing  well-directional hydrogen bonding
interactions

Figure 8. (a) View of the 3-D network of compoun@); (b) A view of the hydrogen bonding
in (2), showing the ring motif

Figure 9. TGA curves of (GH/NR)[Cr(C04)2(H0)].2HO0 (1) (a) and
(C7H7N2)3[Cr(C204)3] (H2C204).3H0 (2) (b)

Figure 10. UV-Visible of (GH;No)[Cr(Cy04)2(H20),].2HO0 (1) (@ and
(C7H7NL)3[Cr(C204)3](H2C204).3H,0 (2) (b) with a concentration of 4.7.FaV and 3.9.10,
respectively, and a path length d of 1.0 cm

Figure 11. UV-Vis absorption spectrums of degradation oh8MB aqueous solution under
a sunlight radiation in presence of 20 m@®f(a) and 20 mg of2) (b)

Figure 12. Plots of A/A) against reaction time of compoufid and compoun®)

Figure 13. Plots of the temperature dependencgoéndyuT for Cr(l1l) complex(1)

Table captions:

Table1l. Summary of the crystal data and structure refingrfogn
(C7H7N2)[Cr(C204)2(H20)2].2H,0 (1) and (GH7N2)3[Cr(C204)3](H2C204)3.H0 (2)
Table 2. Hydrogen bonds of compl€g)

Table 3. Hydrogen bonds of compl€®)
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HIGHLIGHTS:

» Supramolecular chromium (l11) 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 photocatal ytic capability in degradation of MB
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