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EXPERIMENTAL SECTION 

Materials and Synthesis. All reagents were purchased from commercially available 

sources and used without further purification. The ligands tpb was bought from TCI 

chemicals. 

Synthesis of {[Co(TPB)(NO3)2]}n (Co). A mixture was prepared containing 

Co(NO₃)₃·6H₂O (23 mg, 0.05 mmol), TPB (30.9 mg, 0.1 mmol), DMF (1 mL), and 

water (7 mL). This mixture was then sealed in a 20 mL bottle and placed inside a 

microwave-assisted synthesis reactor. The reaction was heated at 80 °C under 3 

barometric pressure for 8 hours. Following this heating period, a controlled cooling 

phase was initiated at a rate of 10 °C/h for 5 hours. Finally, the system was left to cool 

undisturbed to ambient temperature over a full day. This precise thermal regimen 

successfully yielded carmine block-shaped single crystals, which were obtained in a ca. 

34% yield. Elemental analysis calcd. (%) for C21H15CoN5O6: C, 51.23; H, 3.07; N, 

14.22. Found: C, 51.46, H, 3.11; N, 14.32. IR (KBr, cm-1): 1773(vs), 1540(s), 1490(s), 

1450(s), 1381(s), 1350(vs), 1260(s), 1028(w), 938(w), 736(vs), 693(s). 

Physical measurements 

Infrared spectra (IR) data were measured on KBr pellets using a Nexus 870 FT-IR 

spectrometer in the range of 4000-400 cm-1. Elemental analyses of C, H, and N were 

performed at an Elementar Vario MICRO analyzer. Powder X-ray diffraction data 

(PXRD) were recorded on a Bruker D8 Advance diffractometer with Cu Kα X-ray 

source (λ = 1.54056 Å) operated at 40 kV and 40 mA. Thermal gravimetric analysis 

(TGA) was measured in Al2O3 crucibles using a PerkinElmer Thermal Analysis in the 

temperature range of 30-750 °C under an argon atmosphere. Magnetic measurements 

from 2 to 300 K with applied direct current (dc) field up to 7 T were performed using a 

Quantum Design SQUID VSM magnetometer on the crushed samples from the single 

crystals of the compound. Alternative current (ac) magnetic susceptibility data were 

collected in a zero-dc field or an applied 1000 Oe dc fields in the temperature range of 

2-8 K, under an ac field of 2 Oe, oscillating at frequencies in the range of 1-1000 Hz. 

All magnetic data were corrected for the diamagnetic contributions of the sample holder 

and of core diamagnetism of the sample using Pascal’s constants. 
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X-ray Crystallography 

Single crystal X-ray diffraction data were collected on a Bruker D8 QUEST 

diffractometer with a PHOTON III area detector (Mo-Kα radiation, λ = 0.71073 Å, 

Bruker Ius 3.0) at 100 K. The APEX III program was used to determine the unit cell 

parameters and for data collection. The data were integrated and corrected for Lorentz 

and polarization effects using SAINT.S1 Absorption corrections were applied with 

SADABS.S2 The structures were solved by direct methods and refined by full-matrix 

least-squares method on F2 using the SHELXTLS3 crystallographic software package 

integrated in Olex 2.S4 All the non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms of the organic ligands were refined as riding on the corresponding 

non-hydrogen atoms. Additional details of the data collections and structural 

refinement parameters are provided in Table 1. Selected bond lengths and angles were 

listed in Table S1 and S2. CCDC 2529850-2529851 are the supplementary 

crystallographic data for this paper. They can be obtained freely from the Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

  

http://www.ccdc.cam.ac.uk/data_request/cif
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Table S1. Structural and magnetic parameters of reported 1D coordination polymers 

showing SIM property. 

Complex Topology symmetry D (cm-1) Ueff (K) Ref. 

[Co(SCA)2(MBIm)2]n Linear Td −12.8(7) 11.3 6 

{[Co2(dmphen)2(CPCA)2]DMF}n Linear D3h 38.2(4) 9.2  7 

[Co(3-Hppt)2(adip)(H2O)2]·2H2O Linear Oh -33.9 29.08 8 

{[Co(L1)(2,2′-bipy)]·0.5DMF}n Linear D3h −56.2(2) 13.94 9 

{[Co(bimb)(H2O)4]·(L2)·2DMF}n Linear Oh 57.5(2) 8.82 9 

{[Co(TPT)2/3(H2O)4][CH3COO]2·(H2O)4}n Linear Oh 47.7 6.91 10 

[Co(LN3O2)]6[CoIII(CN)6]4·26H2O Linear D5h 21.4(6) 9.1 11 

[Co(tdmmb)(bpe)][BF4]2·3CH3CN Linear D5h 21.7(7) 19.0 12 

[Co(btm)2(SCN)2·H2O]n Linear Oh 93.9 45.4 13 

{[MnIII(salen)(m-NC)2CoIII(4,4-dmbipy)(CN)2]·H2O}n Linear Oh -3.26 17.28 14 

{[MnIII(salen)(m-NC)2CoIII(dmphen)(CN)2]}n Linear Oh -4.38 13.54 15 

[Co(pytpy)(DClbdc)]n Linear Oh -59.5 27.3 15 

[Co(pytpy)(ndc)]n Zig-zag Oh -42.8 12.7 15 

[Co(btca)1/2(mbpy)]n Ribbon D3h 27.6 41.9 16 

{[Co(HL)(EtOH)2](ClO4)}n Linear Oh 30.6 24.5 17 

{[Co(H3BTB)2(phen)](NO3)2}n Linear Oh 74.7 15.9 18 

[Co(pdms)(bpe)]n Zig-zag Td -21.1 77 19 

{[Co(pdms)(tpb)]·H2O·tpb}n Ribbon Td -35.3 56.2 19 

{[Co(pdms)(bpy)]·bpy}n Zig-zag Td -39.7 38.9 20 

{[Co(pdms)(bpy)]·bpy}n Zig-zag Td -32.1 61.9 20 

{[Co(pdms)(bpy)]·bpy}n Zig-zag Td -238 28.9 20 

{[Co(pdms)(bpy)]·bpy}n Zig-zag Td -43.4 27.3 20 

{[Co(TPB)(NO3)2]}n Ladder D5h    

 

Abbreviations: SCA, succinicacid; MBIm, 5,6-dimethylbenzimidazole; dmphen, 2,9-dimethyl 

phenanthroline; H2CPCA, 3-(3-carboxyphenyl)-1H-pyrazole-5-carboxylic acid; 3-Hppt, 3-phenyl-

5-(pyridin-3-yl)-1,2,4-triazole; H2adip, adipic acid; H2L1, 2,2’-[benzene-1,4-

diylbis(methanediylsulfanediyl)]dibenzoic acid; 2,2’-bipy, 2,2’-bipyridine; H2L2, 2,2’-(1,4-

phenylenebis(methylene))bis(sulfanediyl)dinicotinic acid; bimb, 1,4-bis(benzoimidazo-1-

ly)benzene); TPT, 2,4,6-Tris(4-pyridyl)-1,3,5-triazine; LN3O2, ligand derived from the and 

condensation of 2,6-diacetylpyridine with 3,6-dioxaoctane-1,8-diamine; tdmmb, 1,3,10,12-

tetramethyl-1,2,11,12tetra-aza[3](2,6)pyridinoĳ3](2,9)-1,10-phenanthrolinophan-2,10-diene; bpe, 
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1,2diĲ4-pyridyl)ethane; btm, bis(1H-1,2,4triazol-1-yl)methane; H2salen, N,N0-

ethylenebis(salicylideneimine); 4,4-dmbipy, 4,40-dimethyl-2,20-bipyridine; dmphen, 2,9-

dimethyl-1,10-phenanthroline; H4btca = 1,2,4,5-Benzenetetracarboxylic acid; mbpy = 4,4'-

Dimethyl-2,2'-bipyridyl; H2L = 2-{[(E)-1H-imidazol-4-ylmethylidene}amino]benzoic acid; 

H3BTB = 1,3,5-tris(4-carboxylphenyl) benzene; phen = 1,10-phenanthroline; bpy = 4,4′ -

bipyridine, bpen = 1,2-di(4-pyridyl)ethylene; bpdoz = 2,5- di(pyridin-4-yl)-1,3,4oxadiazole; bimp 

= 1,4-bis[(1H-imidazol-1-yl)methyl]benzene; H2pdms = 1,2-bis(methanesulfonamido)benzene, 

bpe = 1,2-di(4pyridyl)ethane; tpb = 1,2,4,5-tetra(4-pyridyl)benzene; TPB = 1,3,5-Tri(pyridin-4-

yl)benzene. 
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Figure S1. PXRD profiles of as-synthesized Co. 

 

 

 

 

Figure S2. TGA of Co. 
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Table S2. Crystallographic data and structure refinement parameters for Co. 

Temperature / K 300.00 400.00 

Formula C21H15CoN5O6 

Weight [g mol–1] 492.31 

Crystal system monoclinic 

Space group C2/c 

a [Å] 11.5665(9) 11.680(2) 

b [Å] 14.0305(9) 14.068(3) 

c [Å] 13.2812(11) 13.278(2) 

α [˚] 90 90 

β [˚] 109.648(4) 109.880(6) 

γ [˚] 90 90 

V [Å3] 2029.8(3) 2051.6(7) 

Z 4 4 

ρcalcd [g cm−3] 1.611 1.581 

μ(Mo–Kα) [mm–1] 0.897 0.885 

F (000) 1004.0 996.0 

Rint 0.0453 0.0584 

R1 
a / wR2 

b (I > 2σ(I) ) 0.0281 / 0.0664 0.0347 / 0.0928 

R1/ wR2 (all data) 0.0331 / 0.0687 0.0415 / 0.0971 

GOF on F2 1.077 1.045 

Max/min [e Å-3] 0.29 / -0.22 0.45 / -0.25 

aR1 = ∑||Fo| - |Fc||/∑|Fo|. 
b wR2 ={∑[w( Fo

2 - Fc
2)2]/ ∑[w( Fo

2)2]}1/2 
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Table S3. Selected bond lengths (Å) in Co. 

T / K 300 

Co1-O1 2.2953(15) 

Co1-O11 2.2953(15) 

Co1-O21 2.1842(16) 

Co1-O2 2.1842(16) 

Co1-N22 2.1781(12) 

Co1-N23 2.1781(12) 

Co1-N1 2.1416(18) 

Co-N/Oaverage 2.2081 

11-X,+Y,3/2-Z; 21/2-X,1/2-Y,1-Z; 31/2+X,1/2-

Y,1/2+Z 

 

 

Table S4. Selected bond angles (Å) in Co. 

T / K 300 

O11-Co1-O1 174.60(7) 

O21-Co1-O1 129.63(5) 

O21- Co 1-O11 55.75(5) 

O2- Co1-O1 55.75(5) 

O21- Co1-O2 74.27(8) 

N23- Co1-O1 90.11(5) 

N23- Co1-N22 170.80(7) 

N1-Co1-O11 87.30(3) 

N1-N1-O21 142.86(4) 

N3-O2-Co1 97.89(11) 

11-X,+Y,3/2-Z; 21/2-X,1/2-Y,1-Z; 31/2+X,1/2-

Y,1/2+Z 
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Table S5. Continuous Shape Measure S5 analysis for seven-coordinated CoII centers in 

Co. 

Metal 

center HP-6 CShM value 

coordination geometry 

 300 K 400 K 

 

 

 

CoII
 

 

Heptagon 34.292 34.272  

 

 

Pentagonal bipyramid 

Hexagonal pyramid 21.544 21.298 

Pentagonal bipyramid 2.217 2.530 

Capped octahedron 6.883 6.941 

Capped trigonal prism 4.980 5.029 

Johnson pentagonal 

bipyramid 

5.638 6.053 

Elongated triangular 

pyramid 

21.386 21.034 
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Table S6. Selected bond lengths (Å) in Co. 

T / K 400 

Co1-O1 2.277(2) 

Co1-O13 2.277(2) 

Co1-O23 2.197(3) 

Co1-O2 2.197(3) 

Co1-N21 2.1826(17) 

Co1-N22 2.1826(17) 

Co1-N1 2.134(2) 

Co-N/Oaverage 2.2064 

11/2+X,1/2-Y,1/2+Z; 21/2-X,1/2-Y,1-Z; 31-

X,+Y,3/2-Z 

 

 

Table S7. Selected bond angles (Å) in Co. 

T / K 400 

N21-Co1-N22 171.17(9) 

N22-Co1-O13 90.62(8) 

N22-Co1-O1 89.23(8) 

N21- Co1-O2 97.27(9) 

O1- Co1-O13 178.07(10) 

O2- Co1-O13 127.35(8) 

O23- Co1-O13 54.58(8) 

O23-Co1-O1 127.34(8) 

N1-N1-O2 143.42(6) 

N3-O1-Co1 94.41(16) 

11/2+X,1/2-Y,1/2+Z; 21/2-X,1/2-Y,1-Z; 31-

X,+Y,3/2-Z 
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Figure S3. The asymmetric units of Co at 300 (up) and 400 K (down). Color code: C, 

black; O, red; N, blue; S, yellow; Co, purplish red. H atoms have been omitted for 

clarity. 
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Figure S4. A portion of packing crystal structure of Co along a axis. 
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Figure S5. Frequency dependence of the ac susceptibilities measured under 0 Oe dc 

field for Co. 
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Figure S6. Frequency dependence of the in-phase (χ′) part of the ac susceptibilities 

measured under 1 kOe dc field for Co.  

 

 

 

Figure S7. Temperature dependence of the in-phase (χ’) and out-of-phase (χ″) part of 

the ac susceptibilities measured under 1 kOe dc field for Co.  

  



Supporting Information 

S17 
 

 

Table S8. Relaxation fitting parameters from the least-square fitting of the Cole-Cole 

plots of Co under 1000 Oe dc filed according to the generalized Debye model.  

T / K τ / s χS / cm3mol−1K χT / cm3mol−1K α 

1.8 0.00105 0.0676 0.6489 0.07503 

2.0 7.19472E-4 0.0628 0.6105 0.0603 

2.2 4.89496E-4 0.0611 0.573 0.04515 

2.4 3.40046E-4 0.0622 0.5423 0.03525 

2.6 2.34653E-4 0.0590 0.514 0.04006 

2.8 1.6361E-4 0.0561 0.4905 0.02073 

3.0 1.15971E-4 0.0554 0.4663 0.03021 

3.2 8.06235E-5 0.0463 0.4469 0.02511 
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Computational Details 

All calculations were performed using the ORCA 5.0.3 code.S21 Hydrogen-optimisation 

calculations were carried out at the BP86 level of theory S22 using the SV basis sets for 

all atoms.S23 Hydrogen-optimised coordinates have been taken further to calculate Spin-

Hamiltonian (SH) parameters. 

CASSCF calculation: 

We compute the spin Hamiltonian, electronic and magnetic properties of individual Co 

(II) centres in model complex Coa. Complete active space self-consistent (CASSCF) 

calculations S24,25 with an active space of CAS (7, 5), i.e., seven active electrons in the 

five active d-orbitals of Co (II). DKH approximation was used to incorporate scalar 

relativistic effects, and the DKH-adapted version of the DKH-def2-TZVP was used for 

the Co atom. In contrast, the def2-SVP basis set was used for the remaining atoms. 

Using an active space of CAS (7,5), we computed 10 quartets and 40 doublet states. 

Dynamic correlations were incorporated by second-order N-electron valence 

perturbation theory (NEVPT2) calculation,S26-28 which was performed on top of the 

converged CASSCF wavefunctions. Further, ab-initio based ligand field theory (AILFT) 

analysis was used for the analysis of ligand field and d-orbital splitting as implemented 

in ORCA. 
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Figure S8. Hydrogen optimized structure of model complex Coa. The position of 

hydrogen was optimized using DFT calculations. Colour code: pink, Co; dark blue, N; 

red, O; grey, C; white, H. 

 

 

Figure S9. NEVPT2 computed the orientation of the gzz axes in model complex Coa. 

Colour code: pink, Co; dark blue, N; red, O; grey, C; white, H. 
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Figure S10. NEVPT2 computed the orientation of the Dzz axes in model complex Coa. 

Colour code: pink, Co; dark blue, N; red, O; grey, C; white, H. 

 

 

Figure S11. NEVPT2 - ab initio ligand field theory (AILFT) computed ordering of 

the d-orbital for model complex Coa.  
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Figure S12. DFT simulated magnetic susceptibility plot for model complex Coa. The 

circles represent the experimental values, while the solid line represents the simulated 

data.  

 

 

 

Table S9. CASSCF (7,5) + NEVPT2 computed Spin-Hamiltonian parameters (g, D, 

|E/D| parameters) along with wavefunction decomposition analysis of model complex 

Coa. 

Complex                    Coa 

Parameters NEVPT2 CASSCF 

D (cm-1) 37.28 44.83 

|E/D| 0.195 0.225 

gxx 2.022 2.027 

gyy 2.285 2.361 

gzz 2.440 2.578 

KD1 |±ms 56% |±3/2> 54% |±3/2> 
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Table S10. Energies (in cm-1) of spin-free ground and first four excited states of the S 

= 3/2 states spanned by the d7 configuration in model complex Coa and the constituting 

electronic configurations. 

 

 

  

gxx 1.807 1.743 

gyy 3.183 3.066 

gzz 6.095 6.591 

KD2 |±ms 56% |±3/2> 54% |±3/2> 

gxx 1.223 1.454 

gyy 1.390 1.663 

gzz 5.857 5.806 
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Table S11. Energies (in cm-1) of spin-free ground and first four excited states of the S 

= 3/2 states spanned by the d7 configuration in model complex Coa and the constituting 

electronic configurations. 

 

 

 

 

 

 

 

 

Table S12. CASSCF/NEVPT2 computed 10 spin-free quartets (red) and 40 spin-free 

doublets (blue) states, along with spin-orbit states for model complex Coa. All the 

values are reported here in cm-1. 

Root Contribution to D (cm-1) 

NEVPT2 CASSCF 

1 8 11 

2 0.4 1 

3 13 18 

4 11 13 

SPIN-FREE STATES SPIN-ORBIT STATES 

CASSCF NEVPT2 CASSCF NEVPT2 

0 

2283.2 

2315.1 

3668.5 

4908.8 

8996.6 

10872.2 

22186.5 

23427.6 

24512.6 

16927.9 

18368.4 

19704.5 

20274.8 

21439.1 

30192.2 

30510.3 

30913.4 

31150.6 

31328.1 

31726.7 

31810.6 

32897.7 

33358.2 

33768.6 

34069 

34449.6 

35267.1 

46777.6 

46993.4 

0 

3216.7 

3283.9 

4953.1 

6369.7 

11795.3 

14175.4 

20737.7 

22450.6 

23333.5 

13882.3 

15887.5 

17716.3 

18751.5 

20862.3 

29431.5 

30309.8 

30915.6 

31214.7 

31315.7 

31905.7 

32184.8 

32728.1 

33503.8 

33686 

33686.4 

34735 

35693.8 

42538.5 

43134.7 

0 

0 

96.26 

96.26 

1824.3 

1824.3 

2261.72 

2261.72 

2634.72 

2634.72 

2877.75 

2877.75 

3861.39 

3861.39 

4014.64 

26473.89 

26473.89 

27215.91 

27215.91 

28214.21 

28214.21 

28303.7 

28303.7 

29874.09 

29874.09 

30382.49 

30382.49 

30742.03 

30742.03 

31013.87 

0 

0 

78.68 

78.68 

2740.46 

2740.46 

3173.68 

3173.68 

3548.79 

3548.79 
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