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Introduction

Metalloporphyrins have been extensively studied since the early 1960s. This great attention to the studies of these coordination compounds is mainly related to the fact that they were investigated as synthetic models for hemoproteins such as myoglobin, hemoglobin, cytochromes c and cytochromes P450. Among these models, Fe(III), Mn(III) and Cr(III) porphyrin coordination compounds with ground metal configurations 3d 5 , 3d 4 and 3d 3 , respectively, show rather unusual electronic and optic proprieties. The mixing of metal and porphyrin orbitals leads to the appearance of a number of chargetransfer bands which alter classical electron absorption spectra of the porphyrin complexes in which only -* transitions of the macrocycle are observed [START_REF] Kobayashi | Photodynamics and electronic structures of metal complexes[END_REF]. Another interesting feature of porphyrin complexes with transition metals is an acceleration of the ligand exchange reactions which is closely related to their biological functions such as oxygen transport and storage and biocatalysis [START_REF] Okada | Effect of the axial halogen ligand on the substitution reactions of chromium(III) porphyrin complex[END_REF]. This effect is of particular interest for metal ions which is known to be inert in ligand exchange reactions such as Co(III), Rh(III) and Cr(III). For these reasons, Cr(III) porphyrins are widely studied and can find applications in particular in biomedicine [START_REF] Okada | Effect of the axial halogen ligand on the substitution reactions of chromium(III) porphyrin complex[END_REF].

The first published investigations on chromium(III) porphyrins date from the end of the sixties and the beginning of the seventies where we can quote those of Fleischer et al., La Mar et al., and Summerville et al. [START_REF] Fleischer | Some chromium and molybdenum tetraphenylporphines[END_REF][START_REF] Fleischer | Kinetics of the substitution reactions of a Cr(III)-porphyrin[END_REF][START_REF] La Mar | Proton Nuclear Magnetic Resonance Line Widths and Spin Relaxation in Paramagnetic Metalloporphyrins of Chromium(III), Manganese(III), and Iron(III)[END_REF][START_REF] Summerville | Chromium(III) Porphyrins. Chemical and Spectroscopic Properties of Chloro-meso-tetraphenylporphinatochromium(III) in Nonaqueous Solutions[END_REF]. It is noteworthy that Cr(III) is the most stable oxidation state of chromium in porphyrin complexes but usual experimental procedures for the insertion of chromium in a porphyrin macrocycle consist of the reaction of free base porphyrins with anhydrous chromium(II) chloride and the reaction is carried out under inert atmosphere to yield the Cr(II) tetracoordinated species [Cr II (Porph)] (Porph = porphyrinate ligand). These complexes are unstable in air and spontaneously oxidized to yield pentacoordinated chlorido(porphyrin)chromium(III) complexes [Cr III (Porph)Cl] which were widely investigated in solution and in solid state [START_REF] Summerville | Chromium(III) Porphyrins. Chemical and Spectroscopic Properties of Chloro-meso-tetraphenylporphinatochromium(III) in Nonaqueous Solutions[END_REF]. Notably, in all reported X-ray molecular structures Cr(III) porphyrin complexes chromium centers are hexacoordinated and up to date, only 31 structures are present in the Cambridge Structural Database (CSD Version 5.42, last update April 2021). In contrast, in the most metalloporphyrins bearing cyanate as an axial ligand, the metal centers adopt a square pyramidal geometry and this ditopic ligand occupies an axial position.

Only two structures of metalloporphyrins bearing two cyanate ligands were reported, namely Mn(IV) and Co(III) complexes which are neutral and negatively charged species, respectively. Surprisingly, Cr(III) complexes with cyanate ligands were not reported so far. Chromium(III) porphyrins have been widely investigated as catalysts and sensors. As example, the epoxidation of cis-polybutadiene using [Cr III (TPP)Cl] (TPP = meso-tetraphenylporphyrinate) as a catalyst [START_REF] Davoras | Comparative 1 H NMR and UV-visible studies of polyene polymer epoxidations catalyzed by iron(III), manganese(III) and chromium(III) porphyrins[END_REF]. More recently, it has been reported that the reaction between СО 2 and propylene oxide catalyzed by [Co II (TPP)Cl] yields a mixture of poly(propylene carbonate) and a cyclic carbonate, while when [Cr III (TPP)Cl] is used as a catalyst , only the cyclic carbonate is synthesized [START_REF] Chukanov | Reaction between carbon dioxide and propylene oxide catalyzed by cobalt and chromium porphyrin complexes: The effect of reaction conditions on the reaction rate[END_REF]. Paolesse et al., [START_REF] Boscher | Atmospheric pressure plasma polymerisation of metalloporphyrins containing mesoporous membranes for gas sensing applications[END_REF] reported the use of [Cr III (TPP)Cl(H 2 O)] immobilized into a mesoporous plasma-polymerised polydimethylsiloxane matrix in gaseous triethylamine sensing.

On the other hand, during the last decade, many porphyrins and metalloporphyrins were reported as catalysts for the degradation of organic dyes which is actual topic in environmental science. In this context, we published several papers on the use of zinc(II) and cobalt(II) metalloporphyrins in the degradation of methylene blue and malachite green [10-13]. Among organic dyes, the Rhodamine B (RhB) has magenta color in aqueous solution at pH = 7 due to strong light absorption ( max value of ~554 nm). RhB dye is widely used as a colorant in industrial processes involving in paper, plastic, leather, food and cosmetic production which discharge very large quantities of this dye into seawater and rivers [START_REF] Das | Adsorption of rhodamine B on Rhizopus oryzae: role of functional groups and cell wall components[END_REF]. This xanthene dye is known to be carcinogen and can damage the nervous, reproductive and respiratory human being systems [START_REF] Botek | Determination of Banned Dyes in Spices by Liquid Chromatography-Mass Spectrometry[END_REF][START_REF] Inbaraj | Equilibrium and kinetic studies on sorption of basic dyes by a natural biopolymer poly(γ-glutamic acid)[END_REF][START_REF] Shimada | Interindividual variations in human liver cytochrome P-450 enzymes involved in the oxidation of drugs, carcinogens and toxic chemicals: studies with liver microsomes of 30 Japanese and 30 Caucasians[END_REF]. For all these raisons, a great number of investigations were devoted to the degradation of this dangerous organic dye.

In the present study, we describe the synthesis of the first Cr(III) porphyrin bearing the axial cyanate ligand. According to X-ray analysis, this is a rare example of metalloporphyrins bearing two axial cyanate ligands. The complex was also characterized in solution by UV-vis, fluorescence, IR and 1 H NMR spectroscopies and electrochemical studies. The Hirshfeld surfaces analysis and Frontier Molecular Orbitals (FMOs) were modelling using DFT calculations. Finally, newly synthesized "Cr(III)bis(cyanate-N) complex I" was also studied as a catalyst in the photodecomposition of RhB and in the degradation of this dye by hydrogen peroxide.

Experimental Section

1. Materials and methods

UV-vis and IR spectroscopy:

The electronic absorption spectra were recorded with a WinASPECT PLUS (validation for SPECORD PLUS version 4.2) scanning spectrophotometer. Solid IR spectra were obtained using a WinASPECTPLUS (validation for SPECORD PLUS version 4.2) scanning spectrophotometer.

MS spectrometry: Electrospray (ESI) spectra were carried out using an amaZon speed ion trap instrument and the ESI-HRMS spectra were recorded in an using LTQ Orbitrap XL apparatus (Thermo Scientific) equipped with an electrospray ionization (ESI) source. Solutions in dichloromethane were used for the analysis.

Emission spectroscopy:

The emission spectra were recorded at room temperature with a Horiba Scientific Fluoromax-4 spectrofluorometer. The luminescence lifetime measurements were performed for excitation at λ = 450 nm using the second harmonic of a titanium-sapphire laser (picosecond Tsunami laser spectra physics 3950-M1BB and 39868-03 pulse picker doubler) at an 800 kHz repetition rate. Fluotime 200 from AMS technologies was used for the decay acquisition. It consists of a GaAs microchannel plate photomultiplier tube (Hamamatsu model R3809U-50) followed by a timecorrelated single photon counting system from Picoquant (PicoHarp300). The ultimate time resolution of the system is close to 30 ps. The luminescence decays were analyzed with the FLUOFIT software available from Picoquant. The mission quantum yields were determined at room temperature in dichloromethane solutions by using the optically dilute method I) and [Cr III (TTP)Cl] complexes were carried out in air. 10 mg of complex I or [Cr III (TTP)Cl] (0.008 and 0.013 mmol, respectively) were added to 50 mL of RhB aqueous solution (20 mg.L -1 , 2.08 mmol). In photodegradation experiments, the stirred suspension was irradiated by household white LED (30 W) lamp for 30 min. In the discoloration by using hydrogen peroxide, 6 mL of 30% H 2 O 2 (1.7 mmol) were added, and the reaction mixture was stirred for 30 min at room temperature. The reactions were monitored by UV-vis spectroscopy with time interval of 5 min. The decrease of intensity of the absorption band maximum at 555 nm was used to estimate the rate of RhB decolorization. The degradation yield (R%) was calculated by using the relationship:

Synthesis of [K(crypt-222)][Cr III (TTP)(NCO)

of [K(crypt-222)][Cr III (TTP)(NCO) 2 ]•2H 2 O (complex
, where C t and C o are the concentrations at time t and initial concentration, respectively.

Results and Discussion

Synthesis

The complex was obtained by treatment of [Cr III (TTP)Cl] with an excess of potassium cyanate in the presence of cryptand-222 in dichloromethane in air. The axial ligand exchange smoothly proceeded at room temperature and the target complex was isolated in 90% yield using a slow diffusion of n-hexane in the reaction mixture followed by a filtration of precipitate thus obtained. According to elemental

analysis the complex [K(crypt-222)][Cr III (TTP)(NCO) 2 ]
was isolated as a dihydrate.

ESI mass studies

The ESI-HRMS mass spectrum depicted in Figure 1 

IR data of [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2H 2 O (complex I)

The IR spectrum of complex I exhibits typical absorption bands of the porphyrin macrocycle which are (i) a multiple bands between 2973 and 2819 cm -1 corresponding to the C-H stretching vibrations which are overlapped with C-H stretching vibrations of the cryptand, (ii) absorption bands in 1550-1500 cm -1 region in which both absorption of tetrapyrrolic macrocycle and phenyl groups are observed, (iii) a strong absorption band at 1009 cm -1 ascribed to the (CCH) vibration mode of the pyrrole fragments, and (iv) an absorption band with medium intensity at 760 cm -1 attributed to vibrations of pyrrole fragments. The presence of the [K(cryp-222)] + counterion is confirmed by an intensive absorption band at 1100 cm -1 corresponded to the asymmetric stretching vibrations of C-O-C groups. Intensive bands with the maxima at 2198 and 2149 cm -1 are attributed to the asymmetric stretching vibrations of the cyanate ligand (Figure 2). Notably, the value for ν as for complex I is larger than that for the free NCO -ion (NaNCO : 2155 cm -1 ) that can be regarded as an indication of its strong binding to Cr(III) ion. However, it is not clear from the IR data whether the cyanate axial ligand is N-bonded or O-bonded to the chromium(III) center. 

Photophysical properties

It is known that metalloporphyrins exhibit three types of UV-vis spectra known as normal, hypso and 3). An example of a UV-vis spectrum of a chromium(III) complex with a meso-tetraarylporphyrin is that of the [Cr III (TTP)Cl] complex shown in Figure S2. In the Soret region, this spectrum presents a major Soret band strongly redshifted to 453 nm and a minor band with a maximum at 400 nm which is a LMCT band. Several LMCT bands with low intensities are also observed in the UV region of the spectrum. Three Q bands appear at 524, 567 and 606 nm and two LMCT weak absorption bands are present between 670 and 770 nm [START_REF] Kobayashi | Electronic Spectra of High-Spin Iron(III) Tetraphenylporphins[END_REF].

hyper
The electronic spectrum the negatively charged complex [Cr III (TTP)(OCN) 2 ] -is shown in Figure 4 while the UV-vis data of this complex and a selection of related Cr(III) and Cr(II) mesotetraarylporphyrins are summarized in Table 3. ---------------------------- 4 and a fluorescence decay curve of complex I is shown in Figure S4. The strongest emission bands of the porphyrins correspond to S 1  S 0 transitions between the first singlet S 1 and the singlet ground S 0 states. For all studied porphyrins, the Q(0,0) and Q(0,1) emission bands appear at ~ 650 and ~ 715 nm. The fluorescence quantum yield ( f ) decreases from ~10% observed for the free base porphyrin H 2 TTP to ~5% and ~2% in Cr(III) complexes bearing chloride and cyanate-N ligand, respectively. The lifetime of exited state (τ f ) also decreases in the same order being equal to 8.9, 5.4 and 2.1 ns, respectively. It is noteworthy that emission properties of Cr(III) porphyrins are very close to those of the paramagnetic cobalt(II) metalloporphyrins (Table 4). As reported by Darwent et al., [START_REF] Darwent | Metal phthalocyanines and porphyrins as photosensitizers for reduction of water to hydrogen[END_REF] the low fluorescence quantum yields and relatively short lifetimes of cobalt(II) and chromium(III) porphyrins can be explained by the paramagnetic nature of these species that allow for triple excited state intersystem crossing leading to the decrease of the  f and τ f values. -----------------------------Q M,  ex = 450 nm).
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X-ray Structure of complex I

Single crystals of complex I were obtained at [START_REF] Gaussview | Carnergie Office Parck-Building6[END_REF] 1. The structure of negatively charged complex [Cr III (TTP)(NCO) 2 ] -together with the atom numbering scheme are shown in Figure 6, and some selected bond distances and angles of complex I as well as those of several related Cr(III) mesotetraarylporphyrins are listed in Table 5. The crystal system is orthorhombic with the noncentrosymmetric space group C222 1 . The chromium and the potassium atoms are located at special positions in a two-fold axis. The asymmetric unit of complex I contains one half of [Cr III (TTP)(NCO) 2 ] - complex, one half of [K(crypt-222)] + counterion and one water molecule.

The chromium atom is located in the center of the tetrapyrrolic macrocycle and defines an axially distorted octahedral environment of four nitrogen atoms of porphyrin macrocycle and two axial nitrogen atoms of cyanate ligands (Figures 6 and7). The metal atom is located within the porphyrin plane (the deviation of the chromium atom from the 4 plane is 0 ) and N3-Cr-N3' angle forming by this center and the cyanate nitrogen atoms is equal to 175.90°. The average equatorial distance between the chromium(III) center and the nitrogen atoms of the porphyrin ring (Cr The porphyrin macrocycle is almost planar in the crystals and the maximum displacement of the nitrogen atoms from the N4 plane being 0.00 . The displacement of the pyrrolic and the mesocarbon atoms from this plane do not exceed 0.0 3 and ±0.041 , respectively. The twist angles of the aryl rings lie in the range of 69.4572.10° that is typical for meso-tetraarylporphyrins. distances in the NCO -axial ligands are 1.148(7) and 1.234(9) Å, respectively that is very close to those of the (cyanato-N)-porphyrinic and non-porphyrinic complexes (Table 6). These bond lengths are also similar to those of KOCN salt (N-C = 1.16 Å and C-O = 1.27 Å) that likely indicates a highly ionic character of the Cr-N(NCO) bonds. The NCO -axial ligand of complex I is practically linear with a N3-C29-O1 angle of 174.6 (13)° (only the major position is considered) as was observed for all known complexes bearing cyanate-N ligand (Table 6). The Cr-N3-C29 () angle value of 155.2 (5)° lies within the typical range (137-180°) for various complexes with cyanate ligands (Table 6).

The charge of the [Cr III (TTP)(NCO) 2 ] -anionic complex is balanced by a [K(crypt-222)] + counterion. The average K-O distance is equal to 2.858(4) Å, and the average K-N bond length is 2.935(4) Å. Chromium(V) meso-arylporphyrin

[Cr V (TTP)N] 2.040 1.5624 [64]
________________________________________________________________________________________ a : M __ Np = average distance between equatorial pyrrole nitrogen and cobalt atoms, b : M __ X L = metal __ axial ligand distance, c : the asymmetric unit contains two molecules, d : TPP = meso-tetraphenylporphyrinate, e : 1-MeIm = 1methylimidazole. 

M-N(NCO) N-C C-O N-C-O M-N-C ()
Ref. -----------------------------------------------------[Å S1). It is noteworthy that regular voids which are parallel to the [100] direction are observed in the studied crystals (Figure 9). However, these voids present only approximately 1.8% of cell volume that is equal to a total volume of 120 Å 3 per cell. 

Hirshfeld Surface Analysis

Hirshfeld surface (HS) analysis and 2D fingerprint plots are considered as important computational data derived from single crystal X-ray analysis which provide a visualization of the intermolecular 

Cyclic voltammetry

Back in the early seventies, K. M. Kadish 6). The first one corresponds to the Cr(III)/Cr(II) reduction accompanied by a chloride ion dissociation (Eq. 1, (R4)) (Scheme 1). Then two porphyrin macrocycle reductions are observed ( Eq. 2 (R5,O5) and Eq. 3 (R6,O6)). In the cathodic region of the voltammogram of [Cr III (TPP)Cl], the first quasi-reversible one-electron oxidation wave was attributed to the Cr(III)/Cr(IV) oxidation (O,R1) and two successive quasi-reversible one-electron oxidation waves (O2,R2) and (O3,R3) were assigned to the porphyrin ring oxidation (Table 6). The cyclic voltammogram of the bis(cyanato-N) chromium(III) porphyrin prepared by us is similar to that of [Cr III (TPP)Cl] (Figure 12). In the negative potential region, three one-electron reduction waves are observed. The first irreversible wave at -1.01 V corresponds to the Cr(III)/Cr(II) reduction (Eq 1 (R4), Scheme 1) and two quasi-reversible reductions waves (R5,O5) and (R6,O6) with values of -1.20 and -1.86 V are attributed to the porphyrin macrocycle reductions (Eq 2 and 3, Scheme 1). The first quasi-reversible one-electron oxidation wave at 0.92 V corresponds to the Cr(III)/Cr(IV) oxidation.

(O2,R2) (O3,R3) (R4,O4) (R5,O5) (R6,O6) ------------------ ----------------- ------------------ --------------------------------------------------- E 1/2 a E 1/2 a E 1/2 a E cp b E 1/2 a E
The oxidation at E 1/2 = 1.11 and 1.38 V are rather similar to those reported for pentacoordinated chrome(III) porphyrins (Table 6) and thus, can be attributed to the stepwise oxidation of the porphyrin macrocycle. The data summarized in Table 6 allow for the conclusion that metal center is harder to reduce and easer to oxidize in complex I than in the [Cr III (TPP)(X)] (X = Cl -, OH -or ClO 4 -) complexes that is expected for a negatively charged species (Table 6). 

DFT calculations of complex I

In order to get insight into the electronic structure and the reactivity of chromium(III) complex I, the FMOs and reactivity descriptors (such as electron affinity, chemical softness, ionization potential, chemical softness) are determined.

The HOMO orbital represents the highest occupied molecular orbital of the valence band (BV) while LUMO orbital is the lowest unoccupied molecular orbital of the conduction band (BC). These orbitals help to estimate the chemical stability and identify the reactivity sites of molecules. The energy separation value between these two orbitals is known as the Gap energy is also very important to get useful information about the electronic properties of studied compounds. The frontier orbitals HOMO and LUMO as well as the Gap energy calculated in the gas phase by using TD-DFT approach are shown in Figure 13 in which the green colour indicates the negative phase, while the positive phase is represented by the red colour.

A theoretical study on [Cr III (TTP)Cl] had to be also carried out to promote understanding of computational results. Unfortunately, crystallographic data of this complex are not available and we performed the calculations for its closest analogue [Cr(TPP)Cl(H 2 O)] whose X-ray molecular structure is available [START_REF] Inamo | Reactivity of Five-Coordinate Intermediate Generated by Laser Photolysis of Monoligated Chloro(5,10,15,20tetraphenylporphinato)chromium(III) in Toluene[END_REF].

Table 7 summarizes the values of the reactivity descriptors (the energies of the frontier molecular orbitals (E HOMO , E LUMO ), the gap energies, the chemical potential (μ), the chemical hardness (η), the electrophilicity (), the ionization potential (I), the electron affinity (A) and the global softness The polarizability is directly related to its Gap energy; a lower polarizability is indicative of a higher stability of compounds and vis versa. The chemical softness and hardness can also be used for a preliminary estimation of the reactivity. The softer a molecule is, the more reactive it is. For a chemical species, a small Gap energy indicates that this species is soft while a large Gap energy is an indication that this compound is inert.

The calculated Gap energy values of complex I (Table 7, Figure 13) is equal to 2.124 eV, which is higher than the experimental optical Gap (Eg-opt) (1.971 eV). This value is exceeded the theoretical Gap energy of [Cr III (TPP)(Cl(H 2 O)] (E-Gap = 1.819 eV) (Table 7, Figure S6). Therefore, complex I is likely less reactive than the complex bearing chloride as an axial ligand. This is also confirmed by a comparison of hardness and softness of these two chromium(III) porphyrins 

Molecular electronic potential analysis of (complex I)

In Figure 14 

Degradation of Rhodamine B

Free-base porphyrins and their metal complexes are known as efficient catalysts for oxidation reactions [80,81]. To get insight into catalytic properties of the newly synthesized complex I the oxidative degradation of RhB was investigated using hydrogen peroxide and molecular oxygen as oxidants. To our knowledge, catalytic activity of chromium(III) complexes in decomposition of organic dyes is scarcely studied and was reported only in our recent work where hydrogen peroxide was used as an oxidant [START_REF] Kechich | Synthesis of novel bis(cyano) meso-tetraphenylporphyrinato-chromium(III)[END_REF]. In this work we compared the rate of RhB decolorization in the presence of complex I and [Cr(TTP)Cl] starting compound which differ one from another only in the axial ligands coordinated to the chromium center. We attempt to demonstrate that these complexes accelerate the RhB degradation and that their catalytic activity is influenced by axial ligands as it was already observed for other transition metal complexes with porphyrins [83-85].

First, the decolorization reaction was performed in air irradiating a stirred aqueous solution of RhB by visible light (Figure S7 and Figure 15). We anticipated that due to the high light absorptivity the complex and emissive properties can be useful for generation of reactive oxygen species (ROS) as free-base porphyrins and metalloporphyrins such as Cu(II) and Zn(II) complexes. The reaction was monitored by UV-vis spectroscopy with time interval of 5 min. The decrease of absorption band intensity was used as a criterion of degradation efficiency and the analysis was performed using changes of absorbance band maximum (555 nm). The degradation yield (R%) was calculated by using the relationship:

, where C t and C o are the concentrations at time t and initial concentration, respectively.

The oxidation of RhB didn't occurs without adding Cr(III) complexes. After addition of the complexes, the reactions proceeded with similar rates and the studied solutions lost their color near completely (95-97%) after 30 min of the irradiation (Figure 15). Thus, Cr(III) complexes accelerate the RhB decolorization by air but the nature of axial ligands does not affect the reaction course. Next, we investigated the decolorization of RhB by hydrogen peroxide since this compound is one of the most promising sustainable oxidants for developing chemical processes in industry [86]. After addition of the complex and hydrogen peroxide to the aqueous solution of RhB, the reaction mixture was stirred at room temperature (Figure S8 and Figure 16) and monitored by UV-vis spectroscopy as discussed above. It is noteworthy that the initial reaction rate was higher in the presence of complex I.

However, then the reaction is slowed down and after 30 min of the reaction the degree of the RhB decomposition was comparable in both experiments (77 and 72%, for Cr(III) porphyrins bearing chloride and cyanate ligands, respectively). It is also worth to note that the RhB decolorization by hydrogen peroxide was not observed without adding of the Cr(III) complexes. Moreover, this complex was used as photocatalyst of photodecomposition of this dye by oxygen probably due to its high light absorptivity and efficiency in generation of reactive oxygen species (singlet oxygen and superoxide anion).

  [START_REF] Hill | Tetraphenylporphyrin Molecules Containing Heteroatoms Other Than Nitrogen. 7.1. Emission and Electronic Structure of Rings Containing Sulfur and Selenium[END_REF]. [Zn(TPP)] in air-equilibrated dichloromethane solution was used as quantum yield standard ( f = 0.031)[START_REF] Shin | Substituent effect on the fluorescence quenching of various tetraphenylporphyrins by ruthenium tris(2,2′-bipyridine) complex[END_REF].Electrochemistry: Cyclic voltammetry (CV) experiments were performed with a CH-660B potentiostat (CH Instruments). All analytical experiments were conducted at room temperature under an argon atmosphere (argon stream) in a standard one compartment, three-electrode electrochemical cell. Tetranbutylammonium perchlorate (TBAP) was used as a supporting electrolyte (0.2 M) in dichloromethane previously distilled over calcium hydride under argon. An automatic ohmic drop compensation procedure was systematically implemented before the CV data were recorded with electrolytic solutions containing the studied compounds at concentrations of ca. 10 -3 M. CH Instruments vitreous carbon ( = 3 mm) working electrodes were polished with 1 mm diamond paste before each recording. The Ag/AgNO 3 0.01 M (TBAP 0.2 in CH 2 Cl 2 ) redox couple was used as the reference electrode. The potential of the ferrocene/ferrocenium redox couple was used as an internal reference (86 mV vs.Ag/AgNO 3 under our experimental conditions). For comparison with previously published data, all potentials given in the text and in Table6have been converted to values relative to the saturated calomel electrode (SCE) according to the following relationship: E(SCE) = E(Ag/AgNO 3 ) + 298 mV. Hirshfeld surfaces (HSs) and 2D fingerprint plots (FPs) of complex I were obtained using the Crystal Explorer 3.15 software [20,22] based on the results of the single crystal X-ray diffraction studies. The d norm function can be described as the normalized contact distance and is based on both d e and d i and the van der Waals (vdW) radii of the atom [23,24] obtained by the following equation: d norm = + Theoretical results were determined by GaussView [25] and Gaussian programs [26]. The molecular geometry structure of X molecule was optimised with the density functional theory (DFT) via the hybrid B3LYP (Becke's three parameter hybrid functional with Lee-Yang-Parr correlation functional LYP [27,28]) at LanL2DZ basis set. Molecular properties such as frontiers orbitals, gap energies and reactivity descriptors were computed using TD-DFT approach [28-31].

  confirms that two cyanate ligands are present in the coordination environment of chromium atom and complex I is hexacoordinated in dichloromethane solution. The experimental and the theoretical m/z values of the fragment [Cr III (TTP)(NCO) 2 ] -are 804.2298 and 804.8740, respectively. The ESI-MS in positive ion mode confirms the presence of the [K(crypt-222)] + counterion (theoretical value of m/z is 415.22) by the presence of peak at a m/z 415.11 (Figure S1).

Figure 1 .

 1 Figure 1. ESI-HRMS spectrum of complex I showing the isotopic ratio. The solvent used is the dichloromethane with a concentration of 5.10 -3 M diluted to 5.10 -5 M.

Figure 2 .

 2 Figure 2. Neat IR spectrum of [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2H 2 O (complex I).

Figure 3 .

 3 Figure 3. Schematic representation of energy levels of HOMO-LUMO porphyrin molecular orbitals and d orbitals of the chromium(III) center of [Cr III (TPP)Cl] complex [42].

  b : H 2 TPP = meso-tetraphenylporphyrin, b : 4-CNpy = 4-cyanopyridine, c : 1-MeIm = 1-methylimidazole, d : OAc = acetate, e : 4-pic = 4-picoline.

Figure 4 .Figure 5 .

 45 Figure 4. UV-vis spectrum of complex I recorded in dichloromethane solution at concentration of ~10 -5 M.

  ____________________________________________________________________________________________ a : TPBP = meso-tetrakis[4-(benzoyloxy)phenyl]porphinate, b : TMPP = meso-tetra(4-methoxyphenyl)porphyrinate, c : 4-CNpy = 4-cyanopyridine, d : TClPP = meso-tetra(4-chlorophenyl)porphyrinate.

Figure 5 .

 5 Figure 5. Room temperature emission spectra of H 2 TTP, [Cr III (TTP)Cl] and complex I in dichloromethane (~10 -6

Figure 6 .

 6 Figure 6. Ortep drawing of the [Cr III (TTP)(NCO) 2 ] -complex ion with thermal ellipsoids drawn at 30% probability. The hydrogen atoms are omitted for clarity and only the major position of the disordered cyanate axial ligand is shown.

Figure 7 .

 7 Figure 7. Coordination polyhedra of Cr 3+ in [Cr III (TTP)(NCO) 2 ] -ion complex. Only the major position of the disordered axial ligand is shown.

  ________________________________________________________________________________________ a : TPP = meso-tetraphenylporphyrinate, b : TpivPP = ,,,-tetrakis(o-pivalamidophenyl)porphyrinate, c : L 1 = N,Nbis(3,5-di-tert-butylsalicylidene)-1,2-ethylenediamine, d : Cp = cyclopentadienyl. As show in Figure 8, in the crystal, [Cr III (TTP)(NCO) 2 ] -species and [K(crypt-222)] + counterions are arranged into columns along the [100] direction. The crystal lattice of complex I is stabilized by numerous intermolecular contacts : (i) the oxygen O1 of the major position of the disordered cyanate-N axial ligand forms a hydrogen bond with the oxygen O5 of water molecule with a O5 __ H1O5 … O1 and O5 __ H 2 O 5 … O1 distances of 2.920 (18) and 2.920 (18) Å, respectively, (ii) weak intermolecular contacts are observed between the same O1 atom and C23 atom of the para-methyl substituent of phenyl group of a porphyrin macrocycle and the C37 atom of the closest cryptand-222 molecule with C23 __ H23C … O5 and C37 __ H37B … O1 distances of 3.64 (2) and 3.397 (18) Å, respectively, (iii) the oxygen O1A of the minor position of the disordered cyanate-N axial ligand is also weakly H-bonded to C30 and C36 atoms of the neighboring cryptand-222 molecule with distances of 3.332 (18) and 3.594 (18) Å, respectively, (iv) the N3 nitrogen atom of the OCN -axial ligand is weakly bonded to the C36 carbon atom of a nearby cryptand-222 molecule with a C36 __ H36A … N3 distance of 3.606 (18) Å, (v) the oxygen O4 of a cryptand-222 molecule is weakly bonded to the carbon C17 of phenyl ring belonging to neighboring porphyrin molecule with a C17 __ H17 … O4 distance of 3.876 (18) Å and (vi) the C36 atom of a cryptand-222 and the centroid Cg2 of the pyrrole ring N1/C1-C4 are involved in a C-H•••Cg (πring) intermolecular interaction with a C36 __ H36 …. Cg2 distance value of 3.497 (6) Å (Table

Figure 8 .

 8 Figure 8. Molecular packing in crystals of complex I view along the [100] direction.

Figure 9 .

 9 Figure 9. Packing diagram of complex I showing the voids in the structure represented in orange. Voids were calculated for a ball radius of 1.2 Å and a grid of 0.7 Å.

interactions within the crystal lattice [ 70 , 71 ].

 7071 These calculations are useful to understand profoundly the role of hydrogen bonding as well as other intermolecular short contacts in the stability of the crystal lattice. The Hirshfeld surface of complex I mapped over the d norm range from -0.2858 to 1.6287 Å is represented in Figure 10. The circular depression (in red) shown in the HS are indicative of O-H…O, C-H…H and C-H… hydrogen bonding while the regions in light color on the HS indicate weaker interactions than hydrogen bonds (Figure 10). The Shape-index plots cover the range of [-1.0; 1.0] Å and the curvedness plots concern the domain between -4.0 and 0.4 Å. The red and blue triangle pairs represented in Figure 11a illustrates the Sharpindex surfaces which are indicative for π-stacking interactions. The curvedness map shown in Figure 11b presents no flat surface patches that indicates the absence of stacking interaction between the aromatic fragments. According to 2D fingerprint plots of complex I shown in Figure S5, most important intermolecular interactions are H … H contacts (61.4%). The C…H/H…C, O…H/H…O and N…H/H…N interactions comprised 21.3%, 13.3% and 3.6% of the HS, respectively.

Figure 10 .

 10 Figure 10. Hirshfeld surfaces of complex I mapped over d norm .

Figure 11 .

 11 Figure 11. Hirshfeld surfaces of complex I mapped over (a): Sharp index and (b): Curvedness.

[ 72 ]

 72 , C. A. Reed [73], A. Summerville [74] and other researchers reported several cyclic voltammetry investigations on chromium(III) metalloporphyrins such as [Cr III (Porph)Cl] [75], [Cr III (Porph)(OH)] [72] and [Cr III (Porph)(ClO 4 )] [76]. Kadish et al. [75] have demonstrated that [Cr III (TPP)Cl] exhibits three one-electron reduction waves in non-coordinating dichloromethane solvent (Table

Scheme 1 .

 1 Scheme 1. Electrochemical reduction of [Cr III (TPP)Cl] in dichloromethane [75].

Figure 12 .

 12 Figure 12. Cyclic voltammogram of complex I in a ~10 -3 M dichloromethane solution containing 0.2 M TBAP. (100 mV.s -1 , vitreous carbon working electrode (Ø = 2 mm).

  (S) of complex I and [Cr III (TPP)Cl(H 2 O)]. All these parameters are linked to the energies of the FMOs by the electronic affinity AE = E LUMO and the ionization potential PI = -E HOMO . These parameters are defined as follows

[

  Cr III (TPP)Cl(H 2 O)] are ~0.53 and 0.55, respectively for softness and ~1.06 eV and 0.91 eV, respectively for hardness).

.

  

Figure 13 .

 13 Figure 13. HOMO-LUMO molecular orbitals of complex I using TD-DFT calculations.

  are illustrated the Molecular Electronic Potential (MEP) maps for complex I and [Cr III (TPP)Cl(H 2 O)] obtained by using DFT/B3LYP/LanL2DZ process. These maps also allow to get insight into the reactivity of molecular systems analyzing electrophilic (regions of positive electrostatic potential) and nucleophilic (regions of negative electrostatic potential) sites of the molecule as well as hydrogen bond interactions. In general, any intra-or intermolecular non-covalent interaction can be characterized as an interaction between an electrophilic site and a nucleophilic site. For a MEP map, the red color refers to the potential negative values while the blue color refers to the potential positive values while the orange and yellow colors are used for intermediate potentials. For the MEP map for complex I, the color code is between -9.929.10 -2 u.a. (red color) and 9.929.10 -2 (blue color). Okulik et al.,[START_REF] Okulik | Theoretical Analysis of the Reactive Sites of Non-steroidal Antiinflammatory Drugs, Internet Electronic Internet Electron[END_REF] reported that the red color represents the strongest repulsion in the MEP map while the blue arias indicate an electrophilic reactivity. The green color corresponds to a zero potential. As can be clearly seen, the PEM study of the mentioned compound led to the identification of two zones enriched in electrons (red color). As shown by Figure14, the red color regions are located around the cyanate-N and the chloride axial ligands for complex I and [Cr III (TTP)Cl(H 2 O)], respectively indicating that these sites present rather high electrophilic reactivity.

Figure 14 .

 14 Figure 14. The mapped molecular electrostatic potential (MEP) of complex I : (a) and [Cr III (TPP)Cl(H 2 O)] : (b).

Figure 15 .

 15 Figure 15. Variation of the degradation efficiency of the Rhodamine B dye upon the irradiation by white LED ( 20 W) time using [Cr III (TTP)Cl] and complex I as catalysts.

Figure 16 .

 16 Figure 16. Decolorization efficiency (R%) curves of the Rhodamine B dye as a function of time for [Cr III (TTP)(Cl] and complex I.

  

2 ]  2H 2 O (

  I).

	The meso-tetratolylporphyrin (H 2 TTP) was prepared by using the Alder and Longo method [32]. The
	chloride chromium(III) complex [Cr III (TTP)Cl] was prepared as reported in the literature [33].
	Potassium cyanate (50 mg, 0.616 mmol) and cryptand 222 (40 mg, 0.106 mmol) were stirred together
	in dichloromethane (30 mL) at room temperature for 3 h. Then a solution of [Cr III (TTP)Cl] (40 mg,
	0.056 mmol) in dichloromethane (25 mL) was added and the reaction mixture was stirred overnight.
	Complex I was precipitated from the reaction mixture by slow diffusion of n-hexanes. The dark green
	precipitate was filtered and dried in air (63 mg, 90% yield) Elemental analysis calcd (%) for
	C 68 H 72 CrKN 8 O 8 2H 2 O C 65.00, H 6.10, N 8.92; found: C 65.62, H 6.31, N 8.79; HRMS (ESI)
	(dichloromethane): m/z [Cr III (TTP)(NCO) 2 ] + calcd for C 67 H 72 CrN 7 O 7 : 804.8740; found: 804.2298 ; MS
	(ESI) (dichloromethane): m/z [K(crypt-222)] + calcd for C 18 H 36 KN 2 O 6 415.22; found 415.11; UV-vis:
	 max (nm) in CHCl 3 , (logε)] 404 (4.24), 553 (5.14), 523(2.59), 584 (3.39), 619 (3.71) nm; FT-IR (solid
	neat): (cm -1 ) = 2973-2819 (CH Porph)), 2973 and 2873 2196 and 2149(sh) ( (CN NCO -ligand)),
	1100 ( (-CH 2 -O-CH 2 -), crypt-222), 1006 (δCCH Porph).
	2.3

. X-ray structure determination

  

	instrument was equipped with CCD area detector and data were collected using graphite-Observed data [I o > 2σ(F o )] 3199
	Parameters/Rest monochromated Mo Kα radiation (λ= 0.71073 Å) at low temperature (200(2) K). The data were scaled 426 / 40 S [Goodness of fit] 1.081
	and corrected for absorption correction using SADABS-2004/1 (Bruker, 2004) [34]. The structure was solved by direct methods by using SIR-2004 [35] and refined by full-matrix least-squares techniques R 1 a , wR 2 b [F o > 4σ(F o )] R 1 = 0.0486, wR 2 = 0.1246 wR 2 b [all data] R 1 = 0.0559, wR 2 = 0.1287 Min./max. res. (eÅ -3 ) 0.442 / -0.262
	on F 2 by using the SHELXL-2014 program [36]. The C-O group of the cyanate axial ligand is CCDC 2085498
	_______________________________________________________________________________ disordered in two positions (C29-O1 and C29A-O1A) with an occupancy factor of the major position a :R 1 =Σ||F o |-|F c ||/Σ|F o |, b :wR 2 ={Σ[w(|F o | 2 -|F c | 2 ) 2 ]/Σ[w(|F o | 2 ) 2 ]} 1/2 .
	of 0.738 (0.028). The anisotropic displacement ellipsoids of the disordered atoms are very elongated,
	which indicate that they are statistically disordered. For these atoms, ISOR/SIMU restraints commands
	in the SHELXL-2014 software were used [37]. The H atoms were placed in calculated positions and
	treated as riding on their parent atoms except those of the water molecule (oxygen O5) where the
	correspondent hydrogens were located in the difference-Fourier map and refined isotropically. The
	geometrical calculations were carried out using the program PLATON [38]. The molecular and
	packing diagrams were generated using the software MERCURY [39]. The crystallographic data and
	structural refinement details of complex I is shown in Table 1. Selected bond lengths and angles for
	the compound are listed in Table 2.
	Table 1. Crystal data and structural refinement for [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2H 2 O (complex I).
	______________________________________________________________________________
	Formula	C 68 H 76 CrKN 8 O 10
	M.W.	1256.46
	Crystal System	orthorhombic
	Crystal	C222 1
	a (Å)	10.846 (2)
	b (Å)	21.982 (4)
	c (Å)	27.620 (6)
	V(Å 3 )	6585(2)
	Z	4
	ρ calc ./ g cm -3 μ/ mm -1	1.267 0.300
	F(000)	2652
	Crystal size (mm 3 )	0.35 x 0.24 x 0.24
	Crystal Color	purple
	Crystal Shape	block
	T(K)	200 (2)
	 min - max (°) Single crystals of [K(crypt-222)][Cr III (TTP)(NCO) 2 ]•2H 2 O (complex I) were obtained by slow 2.368 -25.000 Limiting indices -12  h  12, -24  k  26, -32  l  32
	diffusion of n-hexane into a dichloromethane solution of complex I. A suitable crystal of this complex R(int) 0.0463
	was used for data collection in a Bruker-AXS-Enraf-Nonius Kappa APEXII diffractometer. The Unique data 5730

Table 2 .

 2 Selected bond lengths (Å) and angles (°) of complex I. Investigations of the catalytic degradation of Rhodamine B (RhB) dye in the presence

	_____________________________________________________
	Chromium coordination polyhedron	
	CrN1	2.045(4)	N1-Cr-N2	179.20(15)
	Cr-N2	2.039(4)	N1-Cr-N3	91.28(16)
	Cr-N3	2.019(4)	N2-Cr-N3	88.23(16)
	cyanato-N Axial ligand	
	N3-Cr	2.019(4)	C29A-O1A	1.23(2)
	N3-C29	1.148(7)	C29-N3-Cr	155.2(5)
	N3-C29A	1.148(7)	O1-C29-N3	174.6(10)
	C29-O1	1.234(9)	O1A-C29A-N3	152.4(19)
	Potassium coordination polyhedron	
	K1-O2	2.846(4)	O2-K1-O4	97.75(11)
	K1-O3	2.859(3)	O2-K1-N4	60.83(12)
	K1-O4	2.869(3)	O3-K1-O4	101.01(11)
	K1-N4	2.935(4)	O3-K1-N4	61.77(10)
	O2-K1-O3	97.47(11)	O4-K1-N4	61.04(11)
	_______________________________________________________
	Catalytic studies.		

Table 3 .

 3 UV-vis data for complex I and a selection of related chromium(III) and chromium(II) metalloporphyrins. _______________________________________________________________________________________________________________________

	Compound	Solvent	Bands in the Soret region	Bands in the Q region	Ref.

Table 4 .

 4 Emission data for H 2 TTP, [Cr

	_________________________________________________________________________________________
	Compound	 max (nm)	Φ f	τ f (ns)

III 

(TTP)(Cl], [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2H 2 O (complex I) and a selection of meso-tetraarylporphyrins and cobalt(II) porphyrins.

  Cr__ Np values of all other chromium porphyrins in which the oxidation degrees of the central metal are II, III, IV and V. At first glance this seems odd, because normally the value of this distance should decrease as the oxidation degree of the central ion increases. A possible explanation is the fact that the electronic configurations of the ground state of the cations Cr 2+ , Cr 3+ , Cr 4+ and Cr 5+ are respectively 3d 4 , 3d3 , 3d 2 and 3d1 . For all these complexes with octahedral O h or tetragonal D 4h symmetry, only the d xy ,

	__ Np) is 2.042(4) Å. It should be
	noted that this value is close to those of reported chromium(III) porphyrins (2.019-2.043 Å) as well to

d yz and d xz metal orbitals are occupied (assuming that the Cr(II) porphyrins are low-spin (S = 1)) and consequently the Cr __ Np distances of these species are close.

Table 5 .

 5 Selected bond lengths [Å] and angles [°] for [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2H 2 O (complex I) and related

	porphyrinic complexes.			
	_____________________________________________________________________________________________
	Complex	M __ N p a	M __ X L b	Ref.
	_____________________________________________________________________________________________
	Chromium(II) meso-arylporphyrins		
	[Cr II (TPP)] c	2.033	-	[56]
	Cr II (TPP)(py) 2 ]	2.019 / 2.034*	2.141 / 2.122 c	[57]
	Chromium(III) meso-arylporphyrins		
	[Cr III (TPP)Cl(1-MeIm)] d,e	2.031	2.102 (1-MeIm) / 2.317 (Cl)	[58]
	[Cr III (TPP)(N 3 )(py)] d	2.031(5)	2.004(5) (azido) / 2.135(5) (py)	[59]
	[Cr III (TPP)Cl(py)] d	2.038(8)	2.294(4) (Cl) / 2.12(1) (py)	[61]
	[Cr III (TPP)(OPh)(THF)] d	2.037	2.069 (THF) / 1.943 (OPh)	[61]
	[Cr III (TPP)Cl(H 2 O)] d	2.043(2)	2.3114 (Cl) / 2.057(2) (H 2 O)	[62]
	[Cr III (TTP)(NCO) 2 ] -(I)	2.042(4)	2.019(4)	this work
	Chromium(IV) meso-arylporphyrins		
	[Cr IV (TTP)O]	2.0320	1.5714	[63]

Table 6 .

 6 Selected bond lengths [Å] and angles [°] for metal complexes with cyanate-N ligand. ________________________________________________________________________________________

	Complex

Table 6 .

 6 Potentials (in V vs SCE) of investigated complex I and a selection of related chromium(III) metalloporphyrins.

	____________________________________________________________________________________________________________________
	Compound	Oxidation			Reduction	Ref.
	(Solvent)	Metal Oxid.	1 st Porph. Oxid.	2 nd Porph. Oxid.	Metal Red.	1 st Porph. Red. 2 nd Porph. Red.
		(O1,R1)				

  : E 1/2 = half-wave potential, b : E cp = cathodic potential, c : OEP = octaethylporphyrinate. d : TPP = meso-tetraphenylporphyrinate.

							a	
							1/2	
	___________________________________________________________________________________________________________________
	[Cr III (OEP)(OH)] c							
	(PrCN))	0.79	0.99	1.22	-1.35	-1.40	-	[74]
	[Cr III (TPP)Cl] d							
	(Me 2 SO)	-	-	-	-0.86	-1.23	-1.70	[75]
	(DMF)	-	-	-	-0.82	-1.09	-1.72	[77]
	(CH 2 Cl 2 )	-	-	-	-1.01 b	-1.20	-1.86	[75]
	[Cr III (TPP)(OMe)] d							
	(DMSO)	-	-	-	-0.86	-1.23	-1.70	[77]
	[Cr III (TPP)(ClO 4 )] d							
	(MeCN)	1.08	1.42	-	-0.73	-1.14	-1.78	[76]
	(DMF)	1.14	-	-	-0.84	-1.10	-1.75	[76]
	[Cr III (TTP)(NCO) 2 ] -(I)	0.92	1.11	1.38	-1.05	-1.14	-1.78	this work
	(CH 2 Cl 2 )							
	_______________________________________________________________________________________________________________________

a

Table 7 .

 7 Calculated HOMO, LUMO and Gap energy values and some global reactivity descriptors for complex I.

	___________________________________________________________________________________
	Parameters	Complex I	[Cr III (TPP)Cl(H 2 O)]
	___________________________________________________________________________________
	E HOMO (eV)	-1.867	-5.235
	E LUMO (eV)	-3.991	-3.416
	E [E HOMO -E LUMO )]: E-Gap (eV)	2.124	1.819
	____________________________________________________________________________________
	Reactivity descriptors	
	____________________________________________________________________________________
	Chemical potential  (eV)	-2.929	-4.325
	Chemical hardness  (eV)	1.062	0.909
	electrophilicity ()	2.929	4.325
	I (ionization potential) (eV)	3.991	5.235
	A (electron affinity) (eV)	1.867	3.416
	Softness S (eV) -1	0.531	0.550
	_____________________________________________________________________________________
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