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Introduction

Metalloporphyrins, especially those with iron as center ion, have been widely used as models of hemoproteins such as hemoglobin, myoglobin and cytochromes P450. Currently, investigations involving metalloporphyrins are extended to a large number of metals and find applications in fields ranging from chemistry, physics, medicine and new materials. Indeed, porphyrin complexes are used as catalysts [1,2], as chemical sensors [START_REF] Qi | Recent Advances in Porphyrin-Based Materials for Metal Ions Detection[END_REF][START_REF] Paolesse | Porphyrinoids for Chemical Sensor Applications[END_REF], as semiconductors [START_REF] Giri | Homomolecular non-coherent photon upconversion by triplet-triplet annihilation using a zinc porphyrin on wide bandgap semiconductors[END_REF][START_REF] Lee | Synthesis and investigation of photovoltaic properties for polymer semiconductors based on porphyrin compounds as light-harvesting units[END_REF], as photovoltaic materials [START_REF] Mahmood | Recent progress in porphyrin-based materials for organic solar cells[END_REF][START_REF] Chiang | All-Porphyrin Photovoltaics with Power Conversion Efficiency of 7.2%[END_REF] and in photodynamic therapy of cancers [START_REF] Tian | Recent advances of multi-dimensional porphyrin-based functional materials in photodynamic therapy[END_REF]. This great diversity of applications of metalloporphyrins is directly related to the electronic and molecular structure of these aromatic tetrapyrrolic compounds which depend on the nature of the substituents of the groups in the -pyrrolic and the meso-positions of the porphyrin, the nature of the center metal and the type of axial ligands coordinated to the center ions. Among metalloporphyrins those with the group 12 (IIB) metals present a stable II oxidation state and have a complete d sub-shell.

For these metal group IIB porphyrin complexes, the most studied are those with Zn(II) while those with Cd(II) and Hg(II) are less studied because their M(II) radii are too large to fit in the porphyrin hole of the porphyrin core. Therefore, for the Cd(II) porphyrin complexes the out-of-plane displacement is very important which diminish the stability of these coordination compounds and therefore leading to the fixation of only one axial ligand to form pentacoordinate Cd(II) porphyrin complexes types [Cd(Porph)(L)] and [Cd(Porph)(X)] -where Porph is a meso-arylporphyrin, L is a N-donor axial ligand and X is an anionic axial ligand. During, the last decade several investigations on Cd(II) metalloporphyrins have been reported including those of our research group In continuation of our investigation on cadmium porphyrin complexes, in this paper we report the synthesis of a new metalloporphyrin where the Cd(II) center metal is coordinated to the anionic cyanate-N (NCO -) axial ligand namely the aqua(cryptand-222)potassium(cyanate-N)[(meso-tetra(para- This new coordination compound was characterized by experimental 1 H NMR and experimental and theoretical UV/Vis and IR and spectroscopies and its molecular structure was determined by single crystal X-ray molecular structure. In order to get more insight into the structure, the electronic properties and the chemical reactivity of complex I, Frontier Molecular Orbitals (FMOs) were modelled using DFT calculations as well as Molecular Electronic Potential (MEP) maps were studied. Furthermore, we also reported the topological QTAIM and NCI-RDG analysis on complex I in order to better understand the intermolecular interactions between the [Cd(TMPP)(NCO)] -ion complex and the [K(crypt-222)(H 2 O)] + counterion. On the other hand, the electrical conductance, and dielectric properties of I have been also investigated which highlighted the dependence of the frequency and the temperatures on the dielectric parameters using the impedance spectroscopy.

Experimental Section

Materials and methods

All the reagents and solvents were used without further purification. All manipulations were carried out under aerobic conditions.

Spectroscopy UV/Vis, IR and 1 H NMR spectroscopies: The UV/Vis spectra were recorded with a

WinASPECT PLUS (validation for SPECORD PLUS version 4.2) scanning spectrophotometer. Fouriertransformed IR spectra were recorded on a PerkinElmer Spectrum Two FT-IR spectrometer. 1 H spectroscopic characterizations were performed with a Bruker DPX 300 spectrometer. Chemical shifts are reported in ppm downfield from internal tetramethylsilane (TMS).

Synthesis

The meso-tetra(para-methoxyphenyl)porphyrin (H 2 TMPP) was prepared by using the Alder and Longo method [21].

Synthesis of [meso-tetrakis(p-methoxyphenyl)porphyrinato]cadmium(II) : [Cd(TMPP)]

Cadmium(II) acetate dihydrate Cd(OAc) 2  2H 2 O (1 g, 1.344 mmol) is added to a solution made by dissolving 300 mg of H 2 TMPP (0.42 mmol) in 80 mL of DMF. The solution is heated under reflux (about 140°C) for 5 h. The evolution of the complexation reaction is followed by thin-layer chromatography (TLC) as well as by UV/Vis spectroscopy by comparing over time the spectrum of the reaction mixture with that of the free base porphyrin H 2 TMPP. Once the reaction is assumed to be complete, the addition of water (50 mL) leads to the precipitation of the metallized compound [Cd(TMPP)]. The product obtained is filtered, washed with n-hexane and vacuum dried for 2 hours to give a green-violet powder with a yield of 75%. 

X-ray structure determination of I

A small defect free single crystal of complex I with 0.39×0.33×0.16 mm 3 dimension was chosen for Xray diffraction analysis and the X-ray intensity data were collected at low temperature (150(2) K) using a APEXII Bruker-AXS diffractometer equipped with a CCD camera and a graphite-monochromator. The X-ray radiation used was the Mo K radiation (λ = 0.71073 Å). The intensity data for I were collected by the narrow-frame method. 

wR 2 ={Σ[w(|F o | 2 -|F c | 2 ) 2 ]/Σ[w(|F o | 2 ) 2 ]} 1/2 .
* : For the X-ray data we don't care unto account the half n-hexane and one water disordered molecules removed by the squeeze procedure.

Hirshfeld surface analysis

The Hirshfeld surfaces analysis and the 2D Fingerprint plots of complex I were obtained using the Crystal Explorer17. 

d norm = + (1)
where -d norm ‖ where -d e ‖ is the distance from the point to the nearest nucleus external to the surface, -d i ‖

is the distance to the nearest nucleus internal to the surface and -vdW‖ is the van der Waals radii of the atom [30].

Impedance spectroscopy

Impedance spectroscopy measurements were conducted in the dark using an impedance analyzer (PSM1735). Measurements were made for a wide range of temperatures 300-500 K in a vast area of frequencies range [100 to 5.10 6 Hz].

Results and Discussion

3-1. Synthesis of complex I

The synthesis of the H 2 TMPP free base porphyrin and the [Cd(TMPP)] starting material were made using the reported literature methods [START_REF] Adler | A simplified synthesis for meso-tetraphenylporphine[END_REF][START_REF] Rodesiler | Molecular distortions and solidstate 113Cd NMR: crystal and molecular structure of the piperidine adduct of (5,10,15,20tetraphenylporphyrinato)cadmium(II), 113Cd NMR solution and solid-state spectra and potential energy calculations[END_REF].

The reaction of an excess of KOCN salt and an excess of cryptand-222 in dichloromethane at room temperature leads to the pentacoordinate cyanate-N cadmium(II) porphyrin complex (I) (Scheme 1). 

IR and 1 H NMR spectroscopies

The IR spectra of the H 2 TMPP free base porphyrin, the [Cd(TMPP)] starting material and complex I are depicted in Figures S1-S2-S3. The H 2 TMPP exhibits a characteristic IR spectrum of a mesoarylporphyrin with a (NH) and (CH) stretching frequencies at 3320 cm -1 and in the range [2915-2830] cm -1 , respectively. The (HCC) bending frequency value is 964 cm -1 . The metalation of the H 2 TMPP with Cd(II) leads to the disappearance of the band corresponding to the (NH) stretching and the shift toward the high fields of the band attributed to (HCC) bending from 964 et 996 cm -1 . It should be noted that the (CCH) bending vibration of the porphyrin core is considered a " band marker" which is sensitive to the presence and the absence of a metal within the porphyrin cavity and also to the nature of this central ion [START_REF] Abe | Resonance Raman spectra of octaethylporphyrinato-Ni(II) and m e s o -deuterated and 15 N substituted derivatives. II. A normal coordinate analysis[END_REF]. Thus, for a free base porphyrin, the (HCC) value is about 960 cm -1 whereas for a metalloporphyrin, this band is shifted to higher frequencies between 980 to 1050 cm -1 depending on the chemical nature and the oxidation state for the center metal [START_REF] Ogoshi | The Infrared Spectra of Metallooctaethylporphyrins[END_REF].

The experimental and DFT/B3LYP-D3/lanl2dz calculations IR spectra of I are depicted in Figure 1.

The 2 along with the assignments of the experimental and calculated IR bands. These assignments were made based on DFT/B3LYP-D3/lanl2dz calculations as well as using the porphyrin bands attributions reported in the pioneering porphyrin IR works of Ogoshi et al., [START_REF] Ogoshi | The Infrared Spectra of Metallooctaethylporphyrins[END_REF] and Thomas et al., [START_REF] Thomas | Metal Chelates of Tetraphenylporphine and of Some p-Substituted Derivatives 1,2[END_REF]. The (CN) stretching frequency of the cyanate-N axial ligand was attributed according to

Nakamoto [START_REF] Nakamoto | Infrared and Raman spectra of inorganic and coordination compounds, part B: applications in coordination, organometallic, and bioinorganic chemistry[END_REF].

For our new Cd(II)-cyanato-N-TMPP metalloporphyrin (I), the IR spectrum exhibits a band at 987 cm -1 corresponding to the (HCC) vibration indicating the coordination of the Cd(II) by the porphyrin in complex I. This band is slightly shifted toward the high frequencies compared to that of the [Cd(TMPP)] starting material. The inspection of Table 2 shows that in general, the experimental and the calculated wavenumber values corresponding to the porphyrin in complex I are close and that the difference between these values is probably due, inter alia, to the fact that the computed values are obtained using a gas phase and not a solid-state phase.

The strong band at ̅ = 2174 cm -1 is attributed to the  a (CN) stretching frequency of the NCO -axial ligand We notice that the wavenumber values of  a (CN) of the NCO -axial ligand of complex I and [Cd(NCO) 2 (Tppz)] and [Ni(L)Cd(NCO) 2 ] are higher than that of the free NCO -[in Na(NCO)] which is 2155 cm -1 . These experimental and DFT/B3LYP-D3/lanl2dz calculations IR studies also confirm the The 1 H NMR spectrum of complex I is illustrated by Figure 2 Table 2. Observed and calculated selected vibrational modes (in cm -1 ) of complex 1 using B3LYP/LanL2DZ along with a tentative of the assignment of the vibrational modes based on the potential energy distribution (PED) and the Ogoshi a -------------------------------------------------------------------------------------------- 

presence of the [K(crypt-222)(H 2 O)] + counterion, the H 2 O and CH 2 Cl 2 species in complex I with the formula [K(crypt-222)(H 2 O)][Cd(TMPP)(NCO)]•2(CH 2 Cl 2 )•0.5(C 6 H 14 )•H 2 O. Indeed, (i)

UV/Vis spectroscopy

The UV/Vis spectra of the H 2 TMPP free base porphyrin, the [Cd(TMPP)] starting material and our

new Cd(II) metalloporphyrin [K(crypt-222)(H 2 O)][Cd(TMPP)(NCO)]  2(CH 2 Cl 2 )  0.5(C 6 H 14 )  H 2 O (I)
are depicted in Figure 4 and in Table 3 are reported the UV/Vis data of these species along with those starting material 420 and 433 nm, respectively while those of the Q bands are 517-553-589-645, and 568-609, respectively. The reduction of the number of the Q bands from four to two after the metalation of the porphyrin is due to the change of the symmetry from D 2h to D 4h , respectively. The Soret band value of I (441 nm) is redshifted compared to that of [Cd(TMPP)] and slightly higher than those of the related pentacoordinate Cd(II) metalloporphyrins reported in Table 3. --------------------------------------------------- In Figure 5 is shown the DFT/B3LYP-D3/lanl2dz calculated spectrum of complex I obtained by using a DFT approach with TD-B3LYP-D3/ LanL2DZ level of theory taking into account the dichloromethane solvent. The  max values of the Soret and the Q bands of I of this theoretical spectrum are 427 and 600 nm, respectively which are quite close to those obtained from the experimental and the differences between the DFT/B3LYP-D3/lanl2dz calculated is the experimental values are normal as seen in other cases [START_REF] Fradi | New DMAP meso-arylporphyrin Magnesium(II) complex. Spectroscopic, Cyclic voltammetry and X-ray molecular structure characterization. DFT, DOS and MEP calculations and Antioxidant and Antifungal activities[END_REF]. The optical Gap (Eg-opt) values were calculated using the Tauc plot (Figure 6) 1 and4).

The Ortep diagrams of the [Cd(TMPP)(NCO)] -and the [K(crypt-222)(H 2 O)] + ion complexes are depicted in Figures 7 and8. The cadmium(II) cation is located in the center of the porphyrin core and defines a distorted square pyramidal environment of four nitrogen atoms of the porphyrin macrocycle and the nitrogen atom of the cyanate-N axial ligand (Figures 7 and9). The average equatorial distance between the cadmium(II) center metal and the nitrogen atoms of the porphyrin ring (Cd __ Np) is 2.227(3) Å which is in the normal range of Cd(II) porphyrin complexes (Table 4). O12-K-O7 70.61 [START_REF] Mahmood | Recent progress in porphyrin-based materials for organic solar cells[END_REF] O12-K-O8 153.65 [START_REF] Mahmood | Recent progress in porphyrin-based materials for organic solar cells[END_REF] O12-K-O9 146.65 [START_REF] Mahmood | Recent progress in porphyrin-based materials for organic solar cells[END_REF] O12-K-O10 77.60 [START_REF] Mahmood | Recent progress in porphyrin-based materials for organic solar cells[END_REF] O12-K-O11 67.55 [START_REF] Mahmood | Recent progress in porphyrin-based materials for organic solar cells[END_REF] The Cd __ N(NCO) bond length is 2.217(3) Å which is close to those of related Cd-cyanato-N nonporphyrinic complexes reported in Table 5. 4). S1). ____________________________________________________________________________________________________________________________ a : M __ Np = Average equatorial bond length between the Mn central metal and the nitrogen atoms of the pyrrole rings, b : M __ X L = Distance between the metal atom and the coordinated atom of the axial ligand, c : Cd __ P C = Distance between the metal atom and the mean plane made by the 24-atom core of the porphyrin (P C ), d : TPP = meso-tetraphenylporphyinate, e : TpivPP = 4-tetrakis(o-pivalamidophenyl)porphyrinate, f : TMPP = meso-tetra(para-methoxyphenyl) porphyrinate, g : DABCO = 1,4-diazabicyclo[2.2.2]octane, i : pip = piperidine ligand, j : TClPP = meso-tetra(para-chlorophenyl)porphyrinate, h : DMF = dimethylformamide, k : TBPP = meso-tetrakis(4-t-butylphenyl)porphyrinate, l : 2-MeHIm = 2-methylimidazole, m: L 1 = N,N'-bis(-(2-pyridyl)benzylidene) diethylenetriamine, n : L 3 = 1,4-bis(imidazol-1-yl)butane.

Hirshfeld Surface Analysis

In order to study the intermolecular interactions in the crystal lattice of I, in addition to the PLATON calculations, just mentioned above, Hirshfeld surface analysis was performed using The absence of adjacent red and blue triangles on the shape-index map (Figure 14-a) suggests that there are no notable - interactions. 2D fingerprint plots of I depicted in Figure 14-b Å. This value is considered close to that deduced from the X-ray molecular structure of I which is 2.785(4) Å.

Mulliken charges distribution

We related the Mulliken charge to the vibrational properties of a molecule which quantifies how the electronic structure changes under atomic displacement S3 and plotted in Figure 16. 

Frontier molecular orbitals (FMOs)

The frontier molecular orbitals (FMOs) are made by the highest occupied molecular orbitals (HOMOs) and the lowest-lying unoccupied molecular orbitals (LUMOs). These molecular orbitals play a key role in the optical and electric properties, as well as in quantum chemistry of molecules.

The The FMOs orbitals of complex I as well as the energy gap calculated in the dichloromethane phase by using TD-DFT approach are depicted in Figure 17 in which the positive phase is represented by the red color and the negative phase is indicated by the blue color. As shown in Figure 17, for the HOMO orbital of I, the charge density is mostly located on the carbons and the meso-carbons of the porphyrin core. The density in the LUMO orbital is mostly located in the  and -carbons of the porphyrin macrocycle. The calculated energy values of the HOMO and the LUMO orbitals of I are -4.806 and -2.358 eV, respectively (Table 5). For our Cd(II)-TMPP-NCO derivative (I), the calculated value of energy separation between the HOMO and LUMO is 2,448 eV indicating that our cadmium(II)-porphyrin derivative is semi-conductor.

This calculated energy gap is slightly higher than that of the experimental optical energy gap which is 1.932 eV. In Scheme 2 is shown the formula given the ionization potential (I), the electron affinity (A), the Mulliken electronegativity (), chemical potential (), the global hardness (), the global softness (S) and the global electrophilicity index (ψ) of complex I.

Scheme 2. Formulas that give the ionization potential (I), the electron affinity (A), the Mulliken electronegative (), chemical potential (), the global hardness (), the global softness (S) and the global electrophilicity index (ψ) of complex I.

The hardness (η) and softness (S) of a molecule is a good indication of the chemical stability of the molecule. The softer a molecule is, the more reactive it is. η is a direct measure of the electrophilic stability and S provides a measure of the electrophilic reactivity of a species. A molecule with a high value of electrophilicity index () shows great tendency for attracting electrons from a donor molecule. It is noted that for two given species, electrons flow from high to low chemical potential.

It is also noted that the bigger the dipole moment, the stronger the intermolecular interactions. 6) indicating that our Cd(II)-TMPP)-NCO derivative is very reactive. The chemical potential () value of I, which is -3.582 eV, is quite low, is an indicator that that complex I exhibits a low tendency to donate electrons.

Furthermore, complex I shows a quite high value of the dipolar moment (16.39 D) resulting in the presence of intermolecular interactions which was proved by the X-ray diffraction study on our Cd(II) porphyrinic species. 

----------------------------------------------------------------------------------------------- Complex I [Cr III (TTP)(NCO) 2 ] -[

QTAIM and NCI-RDG analyses

A theoretical QTAIM (Quantum Theory of Atoms In Molecules) analysis has been performed on complex I in order to better understand the interactions between the [Cd(TMPP)(NCO)] + ion complex, the [K(crypt-222)(H 2 O)] + counterion and the two dichloromethane solvent molecules.

The Bader et al.,analysis [61] allows the determination of the main force fields which favor the stabilization of a specific compound. Three types of intermolecular interactions are usually responsible of the stability of a chemical species, where are: (i) the hydrogen bonds, (ii) the van der Waals interactions and (iii) the steric repulsion forces. These interactions are determined for each Bond Critical Point (BCP) (Table 7) and the Reduced Density Gradient analysis (RDG) index has been calculated using the equation of Johnson et al., [START_REF] Johnson | Revealing Noncovalent Interactions[END_REF].

The Non-Covalent Interactions (NCI) index was used to identify the deficiency of the electronic charges in the interatomic path [START_REF] Raissi | Theoretical Description of Substituent Effects in 2,4-Pentanedione: AIM, NBO, and NMR Study[END_REF][START_REF] Raissi | Theoretical study of the effects of substitution, solvation, and structure on the interaction between nitriles and methanol[END_REF].

The NCI-RDG analysis provides a visual representation of weak interactions within a system. Since it is difficult to interpret bonding interactions mechanism experimentally, the QTAIM investigation is mandatory to complete the experimental results. In the BCP, the positive value of Laplacien of the electron density (𝛻 2 𝜌>0) indicates that the interaction is ionic of van der Waals type while a negative value (𝛻 2 𝜌<0) is an indication of a shared interaction (Figure 19). We used the Espinosa et al., [START_REF] Espinosa | Experimental electron density overlapping in hydrogen bonds: topology vs. energetics[END_REF] relationship (equation 2) to calculate the interaction energy (E int ):

(2)
where is the potential energy density and r denotes the cartesian coordinate vector.

The noncovalent interactions areas can be determined by RDG value. The strength and type of a given intermolecular interaction are determined by (r) and sign( 2 ), respectively. The sign( 2 ) is the second largest eigenvalue of the electron density Hessian matrix [START_REF] Wang | Vibrational Spectra and Molecular Vibrational Behaviors of Dibenzyl Disulfide, Dibenzyl Sulphide and Bibenzyl[END_REF].

The deformation density is defined by Δρ(r). Hence, If Δρ(r) > 0 this indicates an inflow or otherwise an outflow of density on the interaction formation to explore the nature of the interactions

[67].
The topological parameters (in a.u.): electron density ρ(r), Laplacian of electron density ∇ 2 ρ(r), kinetic energy density G(r), potential energy density V(r), the deformation density Δρ(r), the energy density H(r), and the estimated interaction energy (E int , in kJ.mol -1 ) at selected BCPs in the studied compound I.

We have determined the selected Bond Critical Points (BCPs) between the [Cd(TMPP)(NCO)] -, ion complex, the [K(crypt-222)(H 2 O)] + counterion and the two CH 2 Cl 2 solvent molecules of complex I by using the QTAIM and NCI-RDG analysis (Figure 20, Table 7). It is observed that these three moieties form thirteen intermolecular interactions (BCP 1 -BCP 13 ).

As shown in Table 6, the BCP 1 , presents the highest ρ(r) value of 0.0325 u.a. and a  2 ρ(r) value of 0.1121 u.a. This confirms the presence of the strong O12 __ H10W … O5 hydrogen bond between the water molecule (O12) coordinated to the potassium of the [K(crypt-222)(H 2 O)] + counterion and the oxygen O5 of the NCO -axial ligand. This is confirmed by the relatively high negative value of the estimated interaction energy (E int ) which is -74.36 kJ.mol -1 .

For BCP 2 , BCP 3 and BCP 4 (Table 4), involving the atoms O5, C49 and N5, respectively of cyanato-N axial ligand, the ρ(r) values are 0.0026, 0.0036 and 0.0054 u.a., respectively while the  2 ρ(r) values are 0.0100, 0.0143 and 0.0228 u.a and the strengths of these interactions are colored in green (Figure 20) indicating van der Waals (VdW) type interactions between these atoms and those of the hydrogen atoms of the neighboring -CH 2 -CH 2 -groups of the cryptand-222. The temperature-and frequency-dependent dielectric constant of complex I was examined, as

shown in Figure 21. The complex dielectric permittivity as a function of frequency defined par the following equation (3) [START_REF] Ben Amor | The impact of Au-decorated TiO 2 nanoparticles on high performance and low 1/f noise in UV photodetector[END_REF]:

ε(ω) = ε′(ω) -i ε′′(ω) (3) 
where ε′(ω) is the real part and ε′′(ω) is an imaginary part of the dielectric permittivity. Figure 21-a shows that at lower frequencies, the value of the real part of the permittivity is significantly affected and reduced with increasing frequency whereas it becomes almost independent, and the values decrease slowly and show tendency to a fixed value at higher frequencies. Based on this model, it is assumed that complex I is a heterogeneous material composed of highly conductive grains separated by poorly conductive grain boundaries.

The grains are effective in the higher frequency range while, the grain boundaries dominate in the lower frequency range. The charge carriers easily migrate into grains and accumulate at high-resistance grain boundaries under an applied electric field. This process produces enormous polarization and high permittivity at low frequencies. This behaviour of the permittivity can be understood in terms of the collective contribution of diverse kinds of polarization as electronic, ionic, interfacial and dipolar. The polarisation contributes with the chief role of fluctuation dielectric constant where the accumulated charge carriers at the interface of the electrode and the Cd(II)-TMPP-NCO species (I) may follows the external AC applied electric field. Therefore, the values of ε′ and ε′′ are relatively high. As the frequency rises, the dipoles will not be able to follow the rapid fluctuation, and their oscillations will be lagging the applied field lead to rapid decrease in the values of ε′ and ε′′. However, at high frequencies, the ionic-electronic polarizations only reveal an effective role and the dipoles become 

Complex electric modulus formulism (M'-M") of complex I

Complex electric modulus formalism (M'-M") presents an alternative approach to investigate the electrical response of a composite to distinguish the polarization effects from the electrode, conduction and relaxation process through the grain and grains boundary. The complex modulus is represented by the following equation (4) [START_REF] Baazaoui | Role of Gallium Doping in Structural, Magnetic, and Dielectric Properties of the Compounds La 0.65 Bi 0.05 Sr 0.3 Mn1 -x Ga x O 3 (x = 0 and 0.06)[END_REF]:

M*(ω) = 1/ε* = M'(ω) + jM''(ω) (4) 
where M′ (ω) is the real part and M′′(ω) is the imaginary part of the electrical modulus. The variations in real and imaginary parts of the electric modulus of complex I with frequency over the temperature 300-500 K are displayed in Figure 22. The complex modulus analysis (M‖ vs. M') allows us to investigate the grain and the grain boundary effects, as well as to establish the electrical conductivity process. The asymmetric arc approves the non-Debye relaxation. Furthermore, the radius of the semicircle arcs decreases as the temperature upsurges, and it is confirming the enhancement in conductance. 

Conductance

The conductance versus frequency plots at different temperatures of complex I are depicted in Figure 23. The analysis of the AC conductance is a vital approach for connecting the macroscopic measurements to the microscopic charge movement. From the plots, it is obvious that the fluctuation is governed by classical behaviour. Indeed, at low frequency regions, the conductance is frequency-independent, so the DC (DC: direct conductance, AC: alternative conductance) conductance is dominated. The DC conductance increases with temperature and the frequency range corresponding to the dispersion of conductance, is known as the hopping frequency. The variation in conductance between the two ranges from the frequency independent to the frequency dependent highlights the conductance relaxation phenomenon. Besides, the gradual augmentation of the conductance with the frequency can be described by Maxwell-Wagner interfacial process -the QMT model: the value of the exponent s is almost constant around 0.8 and rather augments with the rise of temperature.

-the CBH model: when the temperature rises, the exponent s decreases.

-the NSPT model: the exponent s is dependent and rises with temperature.

-the OLPT model: when the temperature increases, the exponent s reduces and tends to reach a minimum value and then increases. The exponent s versus temperature is displayed in Figure 24. From the plot, we deduce that firstly, the exponent s increases with the increase in temperature until 340 K. Secondly, s decays with the elevation in temperature up to a specific temperature (380 K), beyond which it starts increasing with temperature. These results imply that NSPT and OLPT are the outstanding theoretical models to describe the electrical conduction mechanism in the sample. 

Conclusion

The cyanate-N meso-tetra(para-methoxyphenyl)porphyrin cadmium(II) ion complex (I) was synthesized and characterized by UV/Vis, IR, 1 H NMR and X-ray Molecular structure.

Molecular Electronic Potential (MEP) analysis was performed for the identification of nucleophilic and electrophilic sites in complex I. In the MEP map of I, the red colors are especially located near the NCO -axial ligand and the water molecule coordinated to the potassium counterion indicating the presence of an important H bond in this area. The nature of different intermolecular interactions was investigated by Hirshfeld surface maps and using topological parameters obtained from Quantum Theory of Atoms in Molecules (QTAIM) calculations. On the other hand, the electrical conductance, and the dielectric properties of complex I were investigated. This study highlighted the dependence of frequency and temperatures on dielectric parameters using impedance spectroscopy. The electrical modulus confirms the presence of a relaxation phenomenon with non-Debye type in the Cd(II)-NCO-TMPP species. Furthermore, the conduction process for the sample is described by the NSPT and OLPT models. The dielectric analysis showed that the values of ' are higher (< 1E+6) showing that the prepared complex is a suitable candidate for low-frequency energy storage devices with good electrical properties.

[ 10 -

 10 19]. Notably, the few numbers of X-ray molecular structures of cadmium(II) metalloporphyrins reported in the Cambridge Structural Database (CSD Version 5.43, last update September 2022 [20]. Among the total number of 49 molecular structures of Cd(II) porphyrin complexes reported in the Cambridge Structural Database, the majority of them are pentacoordinate Cd(II) complexes type [Cd(Porph)(L)] where Porph is a meso-porphyrin and L is a N-donor or O-donor monodentate axial ligand. The only reported Cd(II) pentacoordinate metalloporphyrins with anionic axial ligand (X) type [Cd(Porph)X] -are [Cd(TPP){ 2 -N 3 }Na(18-C-6)] 2 [12] and [K(crypt-222)][Cd(TPP)(NCS)].C 6 H 5 Cl [13].

  methoxyphenyl)porphyrinato]cadmium(II) dichloromethane disolvate hemi-n-hexane solvate monohydrate with the formula [K(crypt-222)(H 2 O)][Cd(TMPP)(NCO)]•2(CH 2 Cl 2 )•0.5(C 6 H 14 )•H 2 O (I).

[ 34 ].

 34 This value is very close to the two related cyanate-N cadmium(II) complexes [Cd(NCO) 2 (Tppz)] (Tppz = 2,3,5,6-tetrakis(2-pyridyl)pyrazine) [35] and [Ni(L)Cd(NCO) 2 ] (L = N,N'bis(salicylidene)-1,3-propanediamine) with (NH) stretching frequency values of 2197 and 2190 cm -1 , respectively.

  the two IR bands between 3800 and 3300 cm -1 are attributed to (OH) of the coordinated and non-coordinated water molecules, (ii) the three bands between 1100 and 1160 cm -1 are attributed to [CH 2 -O-CH 2 ] and [CH 2 -N-CH 2 ] stretching vibrations of the cryptand-222 [40,41] and (iii) the presence of the dichloromethane solvent is confirmed by the computed (Cl-C) stretching vibration at 612 cm -1 .

Fig. 1 .

 1 Fig. 1. (a): Experimental IR spectrum of complex I, (b): Calculated IR spectrum of complex I using TD-B3LYP-D3/ LanL2DZ level of theory in the dichloromethane solvent.

[ 33 ]

 33 Thomas b [39] and Nakamoto c [34] assignments. _______________________________________________________________________________________________________________________________ Experimental DFT/B3LYP-D3/lanl2dz Method Assignments -

  ) and (OOCN): Porph : Porph ring a ___________________________________________________________________________________________________________________________________ Abbreviations used : : stretching, : deformation, : in-plane bending,  and : out-of-plane bending, : torsion, w: twisting, R: deformation ring, R: torsion ring. a : attributions according to Ogoshi [33], a : attributions according to Thomas [39], c : attributions according to Nakamoto [34], d : Harmonic frequencies, e : Harmonic frequencies scaled by 0.971 [44]. The presence of the [K(crypt-222)(H 2 O] + counterion is confirmed by the peaks at 3.50, 3.41 and 2.45 ppm attributed the [O-(CH 2 -CH 2 -N)], [O-(CH 2 ) 2 -O] and [N-CH 2 ] groups, repetitively of the cryptand-222. The protons of the coordinated water molecule to the potassium ion resonate at ~ 1.7 ppm.

Fig. 2 . 1 H

 21 Fig. 2. 1 H NMR spectrum of complex I porphyrin recorded in CHCl 3 at room temperature with concentration ~10 -3 M.

Fig. 3 .

 3 Fig. 3. 1 H NMR spectrum of the complex I calculated at TD-B3LYP-D3/ LanL2DZ level of theory in CHCl 3 .

  of several selected Cd(II) porphyrin complexes. As shown by Figure 4, the metalation of H 2 TMPP porphyrin by Cd(II) leading to the [Cd(TMPP)] starting material is accompanied by a redshift of the Soret and the Q bands. Thus, the  max values of the Soret band of H 2 TMPP and the [Cd(TMPP]

Fig. 4 .

 4 Fig. 4. UV/Vis spectra of the H 2 TMPP free base porphyrin, the [Cd(TMPP)] starting material and complex I.recorded in dichloromethane at room temperature with concentration ~10 -6 M.

  __________________________________________________________________________________ a : λ max (nm), b : in dichloromethane solvent, c : 4,4'-mda = 4,4'-diaminodiphenylmethane, d : DMF = dimethlformamide, e : 2-NH 2 py = 2-aminopyridine, f : in chloroform solution, g : TPP = mesotetraphenylporphyrinate.

Fig. 5 .

 5 Fig. 5. UV/Vis spectrum of the title compound calculated at TD-B3LYP-D3/ LanL2DZ level of theory in the dichloromethane solvent.

  [START_REF] Albrecht | N-Heterocyclic carbene bonding to cobalt porphyrin complexes[END_REF]. These values are 1.863, 1.956 and 1.932 eV for H 2 TMPP, [Cd(TMPP)] and complex I, respectively indicating that these porphyrinic species are semi-conductors. The free base porphyrin presents Eg-opt values lower than those of the cadmium(II)-TMPP complexes due to the distortions of the porphyrin core of [Cd(TMPP)] and complex I.

Fig. 6 .

 6 Fig.6. Plots of (αhυ)2 versus the photon energy (h) of H 2 TMPP, [Cd(TMPP)] and complex I. h is the incident photon energy and α is the absorption coefficient.

3- 4 .

 4 X-ray molecular structures of IX-ray quality monocrystals of I were obtained by slow diffusion of n-hexane through a dichloromethane solution containing complex I. This new cadmium(II) metalloporphyrin crystallized in the triclinic crystal system with P-1 space and two formulas by cell (Z = 2). The asymmetric unit of I contains one [Cd(TMPP)(NCO)] -ion complex, one [K(crypt-222)(H 2 O)] + counterion, two dichloromethane solvent molecules, one water molecule and a half n-hexane molecule. These two later molecules which were badly disordered and couldn't be modeled were omitted by the squeeze procedure of the PLATON program [25]. Therefore, the total formula of I is [K(crypt-222)(H 2 O)][Cd(TMPP)(NCO)]  2(CH 2 Cl 2 )  0.5(C 6 H 14 )  H 2 O and if we take into the account the squeezed water and the half n-hexane solvent molecules, the formula of I is [K(crypt-222)(H 2 O)][Cd(TMPP)(NCO)]  2(CH 2 Cl 2 ). Therefore, this later formula of I is used to describe the crystal data (Tables

Fig. 7 .Fig. 8 .

 78 Fig. 7. Ortep drawing of the [Cd(TMPP)(NCO)] -ion complex. The H atoms were omitted for clarity, the ellipsoids are drawn at 40 % probability.

Fig. 9 .

 9 Fig. 9. Coordination polyhedra of Cd 2+ and K + in [Cd (TMPP)(NCO)] -and [K(crypt-222)(H 2 O)] + ion complexes.

  The N-C and C-O bond lengths of the cyanato-N axial ligand of I are 1.121(4) and 1.212(4) Å, respectively which are in the range[1.11 -1.234] Å found for related species (Table5). These distances are also close to those of the KOCN salt [N-C = 1.16 Å and C-O = 1.27 Å] suggesting that the Cd-N(NCO) bond presents high ionic character. The Cd-N-C angle () value in I is 168.5(4)° which is close to the average value of 160° reported for the reported cyanato-N metalloporphyrins (Table5) except the case of the [Zn(TTP)(NCO)] -ion complex for which the  angle is small and equal to 137.0(3)° [43]. The charge of the [Cd(TMPP)(NCO)] -anionic complex is balanced by a [K(crypt-222)(H 2 O] + counterion. The average K-O distance is equal to 2.844(7) Å, and the average K-N bond length is 3.042(4) Å. These values are close to those of other [K(crypt-222)] + counterion, e.g., for the [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2H 2 O complex [49] the average K-O and K-N bond lengths are 2.858(4) and 2.935(4) Å, respectively.

Figure 10

 10 Figure 10 is a formal diagram of the porphyrin macrocycle of I which shows the displacements of each atom of the C 24 H 8 Cd plane from the 24-atom core plane of the porphyrin in units of 0.01 Å. As seen in this figure, complex I exhibits (i) a moderate doming deformation of the porphyrin core as indicated by displacement values of the nitrogen atoms toward the axial ligand and (ii) a moderate ruffling deformation of the C 24 H 8 Cd plane as indicated by the displacement of the meso-carbon atoms above and below the porphyrin mean plane. The same Figure 10 shows that the Cd(II) cation is above the porphyrin core with a Cd __ P C distance (P C = center of the 24-atom porphyrin core) of 0.834(1) Å from the mean plane of the porphyrin. This value is in the normal range of [0.75 -0.86] Å found in several related pentacoordinated Cd(II) metalloporphyrins (Table4).

Fig. 10 .

 10 Fig. 10. Formal diagrams of the porphyrin core of I. The displacements of each atom from the 24-atom core plane in units of 0.01 Å are illustrated.

Fig. 11 .Fig. 12 .

 1112 Fig. 11. A part of the crystal packing of I.

CrystalExplorer17. 5

 5 program [29]. The molecular interactions on the isosurface are determined using the parameters d i and d e (representing the distances from a given point on the surface to the nearest atom inside and outside the surface, respectively), which in turn add-on to provide the normalized contact distance, d norm (equation (1), experimental section). The Hirshfeld surface (HS) of I mapped over the d norm range from -0.5581 to 2.5583.Å is illustrated in Figure 13. The deep-red circular depressions represent intermolecular short O __ H … O contacts and the pale-red spots confirm the presence of C-H … O interactions, which stabilize the structure.

Fig. 13 .

 13 Fig. 13. The Hirshfeld surface mapped over d norm in the range -0.5581 to 2.5583.Å for complex I.

Fig. 14 .

 14 Fig. 14. (a): The Hirshfeld surface mapped over shape-index of I, (b): Fingerprint plot of I.

Fig. 15 .

 15 Fig. 15. Asymmetric structure of complex I optimized at DFT/B3LYP-D3/lanl2dz level of theory.

[ 56 ]

 56 . The Mulliken charge is therefore related to the chemical bonds in a molecule which affects the polarizability, the dipole moment, the electronic structure and other properties of this molecule. The Mulliken charge distributions of complex I are shown in Table

Fig. 16 .

 16 Fig. 16. The Mulliken charge distribution of I.

  HOMO energy indicates the ability to donate electrons while the LUMO energy level indicates to accept electrons. The energy difference between the HOMO and LUMO molecular orbitals, known as the energy gap of a molecule, can be determined experimentally by UV-visible and cyclic voltammetry. The energy gap gives us important information about the chemical reactivity, the kinetic stability, the optical polarizability, and the chemical hardness-softness of a molecule [57,58].

Fig. 17 .

 17 Fig. 17. HOMO and LUMO frontier orbitals calculated in the dichloromethane solvent.

Complex I presents a

  low value of the softness (S = 1.276 eV) compared to those of the related metalloporphyrins [Cr III (TTP)(NCO) 2 ] -(TTP = meso-tetra-p-tolylporphyrinate) [49], [Cr III (TTP)Cl(H 2 O)] [49] and [Mg II (TTP)(DMAP) 2 ] [59] (Table

3. 6 . 4 .

 64 Molecular electronic potential analysis (MEP) Molecular Electronic Potential (MEP) maps allow insight into the reactivity of a molecule by analysing the electrophilic regions of positive electrostatic potential and nucleophilic regions of negative electrostatic potential sites of the molecule as well as the intermolecular H bonds. The red color in a MEP map refers to the potential negative values, blue color is used for potential positive values while orange and yellow colors are used for Intermediate potentials. The green color indicates a zero potential. It has been reported [60] that the blue arias indicate an electrophilic reactivity while the red color illustrates the strongest repulsion in the MEP map.

Figure 18

 18 Figure 18 illustrates the Molecular Electronic Potential (MEP) map for complex I obtained by using the B3LYP-D3/LanL2DZ method. In this MEP map, the color code is between -5.5.10 -2 u.a (red color) and 5.4.10 -2 u.a. (blue color). As shown by this Figure 18, the red color regions of the PEM map are located near the cyanato-N axial ligand and the water molecule coordinates to the potassium cation of the [K(crypt-222)(H 2 O)] + counterion. This indicates that these sites present rather high electrophilic reactivity.

Fig. 18 .

 18 Fig. 18. Molecular electrostatic potential (MEP) surface of complex I.

Fig. 19 .

 19 Fig. 19. Molecular graph of the tittle compound generated by using Multiwfn program: bond critical points (BCPs) are represented with small orange spheres.

Fig. 20 . 3 . 7 . 3 . 7 . 1 .

 2037371 Fig. 20. RDG function isosurface with sign( 2 ) (r) coloring scheme for crystalline structure with  2 is the second Hessian eigenvalue and sign( 2 ) is the second largest eigenvalue of the electron density Hessian matrix.

Figure 21 -

 21 b displays the variation of the imaginary part of the dielectric constant as a function of the frequency at several temperatures. It can be noticed that the imaginary part of the dielectric constant ε′′ decreases sharply as the frequency increases in the lower frequency regions. In the higher frequency region, the ε′′ drops gradually and indicates a lower frequency dependence. Generally, the real and imaginary part of the permittivity ε′ and ε′′ tend to reduce and have lower frequency dependence at higher frequency regions. Thus, the dielectric permittivity behaviour of complex I can be explained according to the Koop's phenomenological theory based on Maxwell Wagner's interfacial polarization model [68-70].

  completely unable to follow the applied electric field, and the orientation polarization approximately is blocked. As a result, the value of ε′ and ε′′ are reduced and reach a minimum value at higher frequencies. Similar responses of the ε′ and ε′′ at various temperatures have been previously reported in the literature [70-72].

Fig. 21 .

 21 Fig. 21. Variation of Ɛ' (a) and Ɛ‖ (b) as a function of frequency at different temperatures of complex I.

Figure. 22 -

 22 a displays that the real modulus M' of the composite I has a very low value close to zero in the low frequency range which suggests negligible contribution of the electrode polarization. As the frequency expands, the value of M' increases until reaching the maximum asymptotic value M' due to the relaxation, for all temperatures. This kind of response suggests that the conduction process in the material is based on short range mobility of the charge carriers. Such behaviour of the real modulus highlights an absence of the restoring force to the mobility of the charge carriers under the influence of an induced electric field. Consequently, this indicates a negligible contribution due to electrode polarization [74]. Figure 22-b shows that the imaginary part of modulus M'' exhibits a peak centred at the dispersion region of the real modulus at all temperatures and this peak shifts towards higher frequency with increasing temperature. Moreover, the extent to the left of the peak is related to the range where the charge carriers were energetic over long distances. While the region to the right of the maximum is related to the range where the carriers are confined in their potential barriers and thus exhibiting short range mobility. The transition from long to short range mobility is indicated by the frequency of the maximum M''. The displacements of M″ confirm the presence of thermal activation of carriers and suggest the contribution of the bulk and interface conductivity of the composite. This kind of behaviour usually exhibits a non-Debye type dielectric relaxation mechanism [72,74].

Figure 22 -

 22 c displays the M‖-M' which indicates a single semicircle. This semicircle has a tendency for two constructive semicircles (correlated with two relaxation behaviours). The first semicircle is attributed to the contribution of grain boundaries while the grain effects are illustrated in the second semicircle [75].

Fig 22 .

 22 Fig 22. (a): Frequency-dependent variations real part M', (b): imaginary M" electric modulus and (c): Cole-Cole plot over the experimental temperature.

[ 74 , 5

 745 76].The grain boundaries present a potential barrier to the flow of charge carriers which behave as confined particles. At the low frequency range, the carriers cannot pass through the interfaces due to the existence of potential barriers while minority charge carriers' tunnelling leads to a poor conductance. Eventually, charge carriers can overcome the barrier and consequently the conductance speedily rises at high frequency range. This kind of conductance dispersion is examined by the classical Jonscher's universal power law given by the equation (conductance, A is the pre-factor exponent, f is the frequency, and s is an exponent dependent on frequency and temperature. This universal law (0<s<1) treats the mobility of charge carriers within the material based on discrete hopping between localized sites and the fluctuation of s(T) with temperature identifies the kind of hopping and the transport mechanism of the material. The variation of s with the temperature represents the suitable model of the conduction mechanism. These models are (i) the quantum mechanical tunneling (QMT), (ii) the correlated barrier hopping (CBH), (iii) the non-overlapping small polaron tunneling (NSPT), and (iv) the overlapping-large polaron tunneling (OLPT) model[START_REF] Hamdaoui | Cd-doping effect on morphologic, structural, magnetic and electrical properties of Ni 0.6-x Cd x Mg 0.4 Fe 2 O 4 spinel ferrite (0 ≤ x ≤ 0.4)[END_REF][START_REF] Ben Elkamel | Enhancement of dielectric properties of Ni and Co doped ZnO due to the oxygen vacancies for UV photosensors application[END_REF]. We define:

Fig. 23 .

 23 Fig. 23. The AC conductance versus the frequency of complex I at different temperatures.

Fig. 24 .

 24 Fig. 24. Temperature dependence of the frequency exponent.

  

  Thus, the  values of H  , H o,o' , H m,m' and H-OCH3 for these three porphyrin species are 8.98/8.16/7.34/4.14, 8.89/8.15/7.29/4.14 and 8.95/8.14/7.31/4.122 nm,

while in Figures S4 and S5 are depicted the 1 H NMR spectra of H 2 TMPP and the [Cd(TMPP)] starting materials. As shown in these figures, the chemical shifts of the -pyrrole protons (H  ), the phenylic protons (H o,o' , H m,m' ) and the -OCH 3 protons of the TMPP porphyrinate of the H 2 TMPP free base porphyrin, [Cd(TMPP)] and complex I are very close. respectively. These values are characteristic for diamagnetic meso-arylmetalloporphyrins with cadmium(II), magnesium(II) and zinc(II) as center metals [14,42,43].

Table 3

 3 

	Compound	Soret band	Q bands	Ref.

. UV/Vis data a of H 2 TMPP, [Cd(TMPP)] and complex I, and a selection of cadmium(II) metalloporphyrins. Spectra were recorded in dichloromethane at room temperature. _________________________________________________________________________________________

  -

		 max in nm (logε)		
	_________________________________________________________________________________________
	H 2 TMPP b [Cd(TMPP)] b	420 (5.49) 433 (5.47)	517 (4.20), 553 (3.96), 589 (3.75), 645 (3.61) t.w. 568 (4.43) 609 (3.18) t.w.
	[Cd(TClPP)(4,4'-mda)] c	434 (5.70)	568 (4.32)	613 (4.07)	[19]
	[Cd(TClPP)(DMF)] b,d	433 (4.49)	567 (4.26)	609 (4.14)	[45]
	[Cd(TClPP)py] b	429 (5.48)	-	-	[45]
	[Cd(TClPP)(2-NH 2 py)] b,e [Cd(TClPP)(morph)] f	437 (3.52) 436 (5.10)	576 (4.28) 575 (4.20)	619 (3.72) 620 (3.53)	[46] [15]
	[Cd(TPP)(NCS)] -g	438 (5, 62)	574(4, 65),	620(4, 53)	[14]
	[Cd(TMPP)(NCO)] -(I)	441 (5.78)	582(4.65)	626 (4.70)	t.w.

Table 4 .

 4 Selected experimental and calculated (at B3LYP-D3/LanL2DZ level of theory) bond distances (Å) and angles (°) in the molecular structures of complex I.

		Cadmium(II) coordination polyhedron of I		
	Distance (Å)	Experimental	Theoretical	Angle (°)	Experimental	Theoretical
	Cd-N1	2.221(2)	2.242	N1-Cd-N2	83.04(7)	
	Cd-N2	2.233(2)	1.268	N1-Cd-N3	139.09(7)	
	Cd-N3	2.235(2)	2.262	N1-Cd-N4	84.38(8)	
	Cd-N4	2.220(2)	2.232	N2-Cd-N3	82.83(8)	
	Cd-N5	2.177(2)	2.276	N2-Cd-N4	140.47(8)	
				N3-Cd-N4	82.61(8)	
				N1-Cd-N5	112.42(9)	
				N2-Cd-N5	109.38(9)	
				N3-Cd-N5	108.48(9)	
				N4-Cd-N5	110.08(9)	
		Cyanato-N axial ligands			
	N5-C49	1.121(4)	1.120	N5-C49-O5	178.6(3)	
	C49-O5	1.212(4)	1.248			
		Potassium counterion ([K(crypt-222)(H 2 O)] + )		
	K-N6	3.061(2)	3.216	N6-K-N7	176.81(7)	
	K-N7	3.022(2)	3.074	N6-K-O6	60.62(7)	
	K-O6	2.803(2)	2.996	N7-K-O7	61.01(6)	
	K-O7	2.871(2)	3.015	N7-K-O8	118.00(7)	
	K-O8	2.937(2)	3.019	O6-K-O10	104.95(7)	
	K-O9	2.847(2)	2.982	O10-K-O7	148.19(7)	
	K-O10	2.846(2)	2.859	O12-K-N6	94.71(7)	
	K-O11	2.782(2)	2.726	O12-K-N7	88.35(7)	
	K-O12	2.741(2)	2.884	O12-K-O6	66.62(7)	

Table 5 .

 5 Selected bond lengths [Å] and angles [°] for [K(crypt-222)][Cr III (TTP)(NCO) 2 ]  2CH 2 Cl 2 (complex I) and several related porphyrinic complexes.

	___________________________________________________________________________________________________________________________________
	Complex	M __ Np a	M __ X L b	Cd __ P C	c	N-C	C-O	N-C-O	M-N-C ()		Ref.
	___________________________________________________________________________________________________________________________________
	Cyanato-N Cadmium(II) meso-arylporphyrin complexes						
	[Co III (TPP)(NCO) 2 ] -d	1.950(2)	1.905/1.919Z -		1.151/1.155	1.202/1.193	178.6/176.9	159.8/144.6	41	[50]
	[Mg II (TPP)(NCO)] -d	2.1108(15)	2.0471(17)	-		1.165(2)	1.210(2)	178.34(2)	157.34(15)	10	[51]
	[Zn II (TTP)(NCO)] -	2.097(2)	2.0293(3)	-		1.200(5)	1.163(4)	179.66	137.0(3)	10	[43]
	[Fe II (TpivPP)(NCO)] -,e	2.128(3)	2.005(3)	-		1.073(5)	1.220(6)	179.7(5)	169.9(3)	41	[52]
	[Cd(TTP)(NCO)] -(I)	2.227(3)	2.177(3)	0.834(1)	1.121(4)	1.212(4)	179	168.5(4)	31	t.w.
	[Cd(TPP)(NCS)] -	2.226(3)	2.211(4)	0.829	-	-	-	-	-	[14]
	[Cd(TMPP)(DABCO)] f,g	2.192(5)	2.320(5)	0.746	-	-	-	-	-	[11]
	[Cd(TPP)(pip)] d,i	2.203(3)	2.323(2)	0.751	-	-	-	-	-	[31]
	[Cd(TClPP)(DMF)] j,h	2.197(8)	2.280(2)	0.824	-	-	-	-	-	[45]
	[Cd(TBPP)(2-MeHIm)] k,l	2.215(7)	2.310/2.278	0.860	-	-	-	-	-	[14]
	Cyanato-N Cadmium(II) non-porphyrinc complexes						
	[Cd(NCO) 2 (L 1 )] m	-	2.201(2)	-		1.162(3)	1.208(2)	178.1(2)	165.0(2)	-	[53]
	[Cd(NCO) 2 (py) 2 ]	-	2.275(1)	-		1.11(1)	1.19(1)	179(1)	143	-	[54]
	{[Cd(NCO) 2 (L 3 )]} n n	-	2.329	-		1.130	1.234	178	134	-	[55]

Table 6 .

 6 TD-DFT calculations (in dichloromethane solvent) of HOMO-LUMO energy gap, chemical potential, electronegativity, global hardness, global softness, and electrophilicity index.

	_______________________________________________________________________________________________
	Function	Value
		-

Table 7 .

 7 AIM topological parameters calculated at selected bond critical points BCPs (All parameters are given in a.u., except E int is expressed in kJ.mol -1 ).

	BCP	ρ(r)	 2 ρ(r)	H(r)	G(r)	V(r)	E int
	1	0.0325	0.1121	-0.0003	0.0283	-0.0286	-74.36
	2	0.0026	0.0100	0.0007	0.0018	-0.0011	-2.86
	3	0.0039	0.0143	0.0007	0.0029	-0.0022	-5.72
	4	0.0054	0.0228	0.0016	0.0041	-0.0025	-6.5
	5	0.0053	0.0213	0.0014	0.0039	-0.0025	-6.5
	6	0.0040	0.0135	0.0010	0.0024	-0.0014	-3.64
	7	0.0018	0.0069	0.0006	0.0011	-0.0005	-1.3
	8	0.0049	0.0196	0.0012	0.3732	-0.0026	-6.76
	9	0.0068	0.0215	0.0006	0.0047	-0.0041	-10.66
	10	0.0031	0.0086	0.0004	0.0017	-0.0013	-3.38
	11	0.0040	0.0160	0.0010	0.0030	-0.0019	-4.94
	12	0.0069	0.0278	0.0018	0.0052	-0.0034	-8.84
	13	0.0040	0.0167	0.0010	0.0032	-0.0022	-5.72
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