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Section 1. Materials and Methods
1.1. Materials
Dichloromethane, n-Hexane,Propionic acid, Pyrrole, 4-methoxybenzaldehyde, 4-chlorobenzaldehyde, piperazine, DMF, NaBH4 ,4-nitrophenol and all reagents and solvents were
obtained commercially and used without further purification.
1.2.  Methods
The UV-visible spectra were recorded using a WinASPECT PLUS scanning spectrophotometer (validation for SPECORD PLUS version 4.2).The proton NMR spectroscopic characterization was carried out with a Bruker DPX 400 spectrometer. Fourier-transformed IR spectra were measured on a PerkinElmer Spectrum Two FT-IR spectrometer.
Electrospray (ESI) spectra were obtained using an amaZon speed instrument. The sample made by a 5.10-3 M in dichloromethane was diluted to a 5.10-5 M dichloromethane solution.
Cyclic voltammetry (CV) experiments were conducted with a CH-660B potentiostat (CH Instruments). All analytical experiments were performed at room temperature under an argon atmosphere (argon flux) in a standard single compartment, three-electrode electrochemical cell. The electrolyte used was tetra-n-butylammonium perchlorate (TBAP) (0.2 M) in dichloromethane.
EPR spectra were recorded with a EMX Bruker spectrometer equipped with a standard ER4102ST Bruker cavity for X-band at 100K, a ER4116DM and a ER5106 Bruker cavities for X-band and Q-band respectively at helium temperature, a ESR900 continuous-flow Oxford Instrument cryostat and a ER4131VT Bruker temperature controller. All spectra presented were recorded under non-saturating conditions. EPR spectral simulation was carried out using Easy spin toolbox on Matlab [1] with Simultispin interface [2].
Hirschfeld surfaces (HSs) and 2D fingerprint plots (FPs) were generated using Crystal Explorer 3.15 [3] based on results of single crystal X-ray diffraction studies. The function dnorm is a ratio encompassing the distances of any surface point to the nearest interior (di) and exterior (de) atom and the van der Waals radii of the atoms[4-6]. 

dnom: Normalized contact distance, defined in terms of de, di  and the vdW radii of the atoms
[image: image file: b818330a-t5.tif]red (distances shorter than sum of vdW radii) through white to blue (distances longer than sum of vdW radii).

Shape index, S, a measure of “which” shape, defined in terms of principal curvatures κ1 and κ2
[image: image file: b818330a-t3.tif]


Curvedness, C, a measure of “ how much” shape, defined in terms of principal curvatures κ1 and κ2
[image: image file: b818330a-t4.tif]

1.3. Adsorption and degradation of 4-nitrophenol
Adsorption and oxidation degradation of the 4-nitophenol (4-NP) : The experiments were carried out at room temperature using 5 mg of complexes 1-2 and 5 mL of an aqueous solution of the 4-NP (at pH = 8). The agitation was kept at 200 rpm. The resultant mixture was filtrated, and the concentration was then determined by measuring the absorption at 400 nm. The adsorbed amount qt  (mg/g) was calculated according to the following formula:	
				
where Co and Ct are the dye concentration before and after the adsorption, respectively. V is the volume of the dye used and m is the mass of the adsorbent. The oxidation degradation of the malachite green dye in the presence of complexes 1-2 as catalysts was performed with the utilization of an aqueous solution of H2O2 (10 mg.L-1). After filtration of the obtained mixture, concentration of the resultant solution was made by measuring the absorption at max = 400 nm.  
[bookmark: _Hlk70795371]1..4. Catalytic reduction of 4-nitrophenol (4-NP)to 4-aminopheno (4-AP)
[bookmark: _Hlk70776735]To study the catalytic reduction of 4-NP, a sample containing a aqueous saturated sodium borohydride solution was added to a 10 mL of an aqueous solution of 4-NP (20 mg.L-1, 0.72 mmol) at pH = 8 obtained by using a buffer solution made of 0.1 mol.L-1dihydrogenphosphate and 0.1 mol.L-1of NaOH. Then 5 mg of either complex 1 or 2 (0.0025 and 0.0055 mmol for 1 and 2, respectively) was added.  The yellow color of the solution gradually disappeared, indicating the reduction of 4-NP. The concentration of 4-NP was determined spectrophotometrically at a wavelength of 400 nm using a spectrophotometer.


Section 2. Synthetic Procedures
2.1. Synthesis of Complex 1
The starting material [CoII(TMPP)] (40 mg, 0.05 mmol) and piperazine (40 mg, 0.46 mmol) were dissolved in 5 mL of chloroform then the reaction was stirred at room temperature for 2 hours. The desired complex (1) was obtained by slow diffusion of the n-hexane through the chloroform solution. Dark violet crystals were obtained after about 1 week (yield~ 85%).
Elemental analysis (%) Calcd for C102H86Cl4Co2N10O8 (1939.54): C, 66.60; H, 4.71; N, 7.61; found: C, 66.85; H, 4.53; N, 7.35; 1H NMR (400 MHz, CDCl3) (ppm), 15.89 (s, 16H -pyrrole), 13.15 (s, 16H ArH), 9.51 (s,16H, ArH), 5.42 (s, 24H,H-OCH3). 4.15 (s,8H, H-CH2), 1.65 (s, 2H,NH); UV-visible [CH2Cl2]: λmax (ε.10-3): 438 (401), 556 (47), 597(36) nm; FT-IR (solid,          cm-1): 3368 [(CN) pipz] , 2945-2802 [(CH) porphyrin], 1465 [(C=N,C=C) porphyrin], 1280 [(CO) methoxy], 1007 [δ(CCH) porphyrin].ESI (ESI+, CH2Cl2): m/z = 791.77[CoII(TMPP)]+ found791.14, m/z = 877.90[CoII(TMPP)(pipz)]+found 877.20 and m/z = 964.04[CoII(TMPP)(pipz)2]found 964.28.
2.2. Synthesis of Complex 2
The starting material [CoII(TClPP)] (40 mg, 0.049 mmol) and piperazine (40 mg, 0.46 mmol) were dissolved in chloroform (10 mL). The resulting reaction mixture was stirred for 12 hours and then over loaded with n-hexane. Finally, dark violet crystals suitable for X-ray diffraction were obtained, with a yield of about 76%.
Elemental analysis (%) calcd for C48H34Cl4CoN6 (893.09) : C, 64.38; H, 3.83; N, 9.38; found: C, 64.30; H, 3.99; N, 9.12; UV-visible [CH2Cl2]: λmax (ε.10-3): 436 (399), 553 (43) ,592 (31) nm.1H NMR (400 MHz, CDCl3) (ppm), 13.39 (s, 8H -pyrrole), 9.89 (s, 8H ArH), 8.85 (s, 8H, ArH), 3.78 (s,8H,H-CH2), 1.35 (s,2H,NH).  FTIR (solid, cm-1): 3279 [(NH) pipz], 2945 [(CH) porphyrin], 1499 [(C=N,C=C) porphyrin], 1009 [δ(CCH) porphyrin]; ESI-HRMS (ESI+, CH2Cl2): m/z = 809.4466 [CoII(TClPP)]+ found 809.0054, m/z = 895.5836 [CoII(TClPP)(pipz]+  found 895.0903, m/z = 981.7202 
[CoII(TClPP)(pipz)2]+ found 981.1745.



Section 3: X-ray molecular structures of 1-2
The data collections for 1-2 were measured with a Bruker Xcalibur, Eos, Gemini ultra-diffractometer for 1, a D8 VENTURE Bruker AXS diffractometer for 2. All diffractometers were equipped with a graphite-monochromator. For 1, the X-ray radiation used was Cu-K ( = 1.54184 Å) while the Mo-K radiation (λ = 0.71073 Å) was used for the X-ray diffraction measurements of complexes 2. The intensity data for 1-2 were collected by the narrow-frame method at low temperature. Both unit cell parameters for 1-2 were calculated and then refined from the full data collections. There flections were scaled and corrected for absorption effects with SCALE3 ABSPACK in the CrysAlis PRO program [7] for complex 1 and the SADABS program version 2.10 (Bruker AXS 2001) [8] for complexes 2.
For complex 1, the dichloromethane solvent molecule in the asymmetric unit is disordered over three positions (C51A–CL1A–CL2A, C52B–CL1B–CL2B, and C51CC–CL1C–CL2C) with occupancy factors.0.495 (3), 0.308 (3), and 0.197 (3), respectively. For this disordered molecule, the DFIX, DANG, and SIMU constraint commands in the SHELXL-97 software were used [9] to correct the geometry and also to diminish the values of the elongated ADPs of the atoms of this solvent molecule. The ISOR and SIMU commands were also used to minimize the high values of the ADPs of C46 and O2 atoms of one methoxy group of the TMPP porphyrinato. For complex 2, the contribution of two disordered dichloromethane solvent molecules were removed using the PLATON SQUEEZE [10] solvent masking procedure. The given chemical formula of 2 and other crystal data of this complex do not take into account the two removed solvent molecules. Details of structural refinement, crystallographic data and selected bond lengths and angles for 1-2 are indicated in Tables S1 and S2 respectively.
Table S1. Crystal data and structural refinement for [{CoII(TMPP)}2(2-pipy)].2CH2Cl2 (1),  [CoII(TClPP)(pipz)] (2).
__________________________________________________________________________________________ 
Complex 1 			Complex 2 	
						
__________________________________________________________________________________________
Formula				C102H86Cl4Co2N10O8		C48H34Cl4CoN6			
Crystal System			monoclinic			Triclinic				
Crystal				P21/c				P-1				
a (Å)				15.0285(2)			13.0056(9)			
b (Å)				20.1098(3)			13.5507(9)			
c (Å)				15.4228(2)			15.7196(11			
(°)				90.00				74.740(2)			
β (°)				92.3190(10)			67.413(2)			
(°)				90.00				62.618(2)			
V (Å3)				4657.26(11)			2258.6(3)			
Z				2				2				
ρcalc./ g cm-3			1.312				1.317 				
X-ray radiation			Cu Kα				Mo Kα				
μ/ mm-1				4.344				0.656				
F(000)				1908				918				
Crystal size (mm3)		0.50 x 0.50 x 0.25		0.52 x 0.40 x 0.25		
Crystal Color			purple				purple				
Crystal Shape			prism				prism				
T (K)				173 (2)				150 (2)				
min - max (°)			3.614- 61.400			2.652 - 25.999			
Limiting indices		-11  h  16, -22  k  15		-16  h  13, -16  k  16	
R(int)				0.0359				0.0380				
Reflections collected/unique	15001 /7066			30565 / 8715			
Observed data [Io> 2σ(Fo)]	6234				7478 		
Parameters/Rest			626 / 64				534 / 0				
S [all data]			1.077				1.091				
R1a, wR2c [Fo> 4σ(Fo)]		R1 = 0.0703, wR2 = 0.1890	R1 = 0.0432, wR2 = 0.1197	
[all data]			R1 = 0.0779, wR2=  0.1975	R1 = 0.0490, wR2 =  0.1243		
Min./max. res. (eÅ-3)		0.913 / -0.639			0.636/-0.560				
CCDC				2023647				2023648			
__________________________________________________________________________________
a:R1 =Σ||Fo|–|Fc||/Σ|Fo|,b :wR2 ={Σ[w(|Fo|2–|Fc|2)2]/Σ[w(|Fo|2)2]}1/2.




Table S2. Selected bond distances (Å) and angles (°) in the molecular structures of complexes 1-2.
______________________________________________________________________________________________
Complex 1						Complex 2		
______________________________________________________________________________________________
Cobaltous coordination polyhedron
______________________________________________________________________________________________
Co-N1		1.976(3)					Co-N1		1.982(2)				
Co-N2		1.970(3)					Co-N2		1.982(2)		
Co-N3		1.969(3)					Co-N3		1.976(2)		
Co-N4		1.988(3)					Co-N4		1.978(2)					
Co-N5		2.247(3)					Co-N5		2.225(2)		
N5-Co-N1	88.53(13)				N5-Co-N1	91.74(8)		
N5-Co-N2	99.12(13)				N5-Co-N2	93.56(8)			
N5-Co-N3	97.16(13)				N5-Co-N3	97.63(8)		
N5-Co-N4	88.84(13)				N5-Co-N4	88.76(8)		
N1-Co-N2	89.66(13)				N1-Co-N2	90.23(8)			
N1-Co-N3	174.27(13)				N1-Co-N3	170.62(8)	
N1-Co-N4	89.61(13)				N1-Co-N4	89.81(8)		
N2-Co-N3	90.09(13)				N2-Co-N3	89.76(8)		
N2-Co-N4	171.98(13)				N2-Co-N4	177.67(8)	
N3-Co-N4	89.83(13)				N3-Co-N4	89.82(8)		
__________________________________________________________________________________________
Pipyrazine axial ligand							
__________________________________________________________________________________________
N5-C49		1.496(5)					N5-C54		1.474(3)				
N5-C50		1.466(5)					N5-C57		1.467(3)		
C48-N5-C50	108.3(3)					C54-C55	1.510(4)		
C49-N5-Co 	119.8(3) 				C55-N6		1.461(4)		
C50-N5-Co 	118.4(3) 				N6-C56		1.489(4)		
							C56-C57	1.513(4)			
							C54-N5-C57	109.9(2)		
							N5-C54-C55	113.7(2)		
							C55-N6-C56	109.7(2)		
							N6-C56-C57	110.8(3)		
							Co-N5-C54	116.89(16)	
							Co-N5-C57	115.56(16)
________________________________________________________________________________________
 (
(a)
(b
)
)









Figure S1. The coordination polyhedral of the Co(II) of the two piperazine derivatives. a): complex 1, 
b): complex 2.












Section4:Hirshfeld Surface Analysis data
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Figure S2. Molecular Hirshfeld surfaces maped with dnorm about a reference molecule of complex 1 (a) and complex 2 (b) highlighting the intermolecular hydrogen bonds in the crystal packing of 1–2.
[image: ]










Figure S3. 2D Fingerprint plots highlighting the percentage contribution of each type of interaction in total interactions.


[image: ]Section 5. 1H NMR 

Figure S4. 1H NMR (400 MHz) spectra in CDCl3 of [{CoII(TMPP)]2(2-pipz)]CH2Cl2 (1). 
The concentration is ~ 10-3 M. 
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Figure S5. 1H NMR (400 MHz) spectra in CDCl3 of [CoII(TClPP)(pipz)] (2). 
The concentration is ~ 10-3 M.
Section 6. Mass spectrometry
[bookmark: _Hlk52123761]Figure S6 illustrates the ESI-mass in positive mode of complex 1 while the ESI-HRMS spectrum of complex 2 is depicted in Figure S7. The ESI-mass spectrum of 1 shows the presence of the non-coordinated piperazine axial ligand [CoII(TMPP)]+ fragment along with the mono and the bis-coordinated piperazine ligand [CoII(TMPP)(pipz)]+ and [CoII(TMPP)(pipz)2]+ fragments with m/z values of 791.14, 877.20 and 964.28 respectively. The corresponding theoretical m/z values of these two fragments are 791.77, 877,90 and 964.04, respectively. The ESI-HRMS spectrum of complex 2 exhibits three signals at 809.0054, 895.0903 and 981.1745 attributed to the [CoII(TClPP)]+, [CoII(TClPP)(pipz)]+ and [CoII(TClPP)(pipz)2]+, fragments, respectively. The corresponding theoretical m/z values of these two fragments are 809.4466, 895.5836 and 981.7202, respectively. These mass spectroscopy data indicate that in dichloromethane. solution, complexes 1-2 are either pentacoordinated or hexacoordinated species types [CoII(Porph)(pipz)] or [CoII(Porph)(pipz)2]even though cobaltous porphyrin complexes with N-donor axial ligands are in most cases pentacoordinated. Notably, no fragments in the 1900 – 2000 m/z region are detected in the ESI-mass spectrum of 1,recorded in dichloromethane,
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Figure S6. ESI- spectrum of complex 1. The solvent used is the dichloromethane with a concentration of 5x10-5 M.
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Figure S7. ESI-HRMS full spectrum of complex 2. The solvent used is the dichloromethane with a concentration of 5x10-3 M.

Section 7. Photophysical Data
7.1. UV-visible spectroscopy
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Figure S8. Plots of (αhυ)2 versus the photon energy (h) of 1-2. α is the absorption coeﬃcient.

7.2. Fluorescence spectroscopy

[image: ]

Figure S9. Fluorescence decay profiles of complex 1 (red) and Complex 2 (black), (a) at room temperature and (b) at 77 K.

Section 8: EPR Data
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Figure S10.  Experimental (powder at 7 K) and simulated EPR spectra of complex 1.
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Figure S11.  Experimental (powder at 7 K) and simulated EPR spectra of complex 2.




Section 9: Adsorption and degradation of 4-AP using complexes 1-2
[image: ]

Figure S12. Variation of the of the max values of the absorption bands of 4-NP in aqueous solution in the presence of complex 1 (5 mg) (left) and complex 2 (5 mg) (right). The concentration of 4-NP is 20 mg.L-1 (pH = 8).

[image: ]

Figure S13. Kinetic modeling for the adsorption of 4-NP in the presence of compounds 1 and 2. (a): Pseudo first order model, (b): Pseudo second order model, (c):Elovich model and (d): Intra-particular diffusion model.
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