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Experimental Section

General Procedure. Powder X-ray diffraction data (PXRD) were recorded at room
temperature on a Bruker D8 Advance diffractometers with Cu Ka X-ray source (A = 1.54056
A) operated at 40 kV and 40 mA. Infrared (IR) spectra data were measured on KBr pellets
using a Nexus 870 FT-IR spectrometer in the range of 4000-400 cm™!. Elemental analyses of
C, H, and N were performed at an Elementar Vario MICRO analyzer. Thermal gravimetric
analysis (TGA) was measured in Al20O3 crucibles using a PerkinElmer Thermal Analysis in the

temperature range of 30-800 °C under flowing argon at a heating rate of 10 °C/min.

Magnetic Measurements. Magnetic susceptibility measurements from 2 to 300 K with dc field
up to 70 kOe were performed using a Quantum Design SQUID VSM magnetometer on the
grounded powders from the single crystals of the compounds. Alternative current (ac) magnetic
susceptibility data were collected in a zero direct current (dc) field or 1 kOe dc field 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 diamagnetism of the sample holder and of

the diamagnetic contribution of the sample using Passcal’s constants.

X-ray Crystallography. Single crystal X-ray crystallographic data were collected on a Bruker
D8 Venture diffractometer with a CCD area detector (Mo-Ka radiation, A = 0.71073 A) at 100
K. The unit cell parameters and data collection were determined by the APEXII program.
Intensity data were corrected for Lorentz and polarization effects using SAINTS!, scale
variation for decay and absorption: a multi-scan absorption correction was applied with
SADABS, %2 based on the intensities of symmetry-related reflections measured at different
angular setting. The structures were solved by direct methods and refined by full-matrix least-
squares method on F2 using the SHELXTL % integrated in Olex 2.5 Most hydrogen atoms
were generated by geometrical considerations and constrained to idealized geometries and
allowed to ride on their carrier atoms with an isotropic displacement parameter related to the
equivalent displacement parameter of their carrier atoms. 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 of 1 and 2 are listed in Table S3 and S4. CCDC 2126529 and 2126530 is
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

Computation Methodology
CASSCF calculation

All calculations were carried out on the X-ray crystal structure using ORCA/4.2.1 code.5>5®
The position of hydrogens were optimized using BP86 level of theoryS”8 using def2-SVPS°
basis set for all atoms. For calculation of spin-Hamiltonian parameters (g, D and E) in complex
1 and 2, here we have carried out complete active space self-consistent (CASSCF) method with
an active space of CAS (7, 5) i.e., seven active electrons in the five active d-orbitals of Co(ll)
ion. All the SH parameters were computed at individual Co(ll) centers and we have replaced
other paramagnetic Co(ll) ion by diamagnetic Zn(Il) analogue. Using this active space, we
have computed all 10 quartets and 40 doublet states in CI procedure. Here we have employed
all electron DKH-def2-TZVPP* basis set for all the atoms. The scalar relativistic effects were
accounted by Doughlas-Kroll-Hess (DKH) approximation as implemented in ORCA. To
account the dynamic correlations, here we have performed N-electron valence second order
perturbation theory (NEVPT2) on the top of the converged CASSCF wavefunction. Dispersion
corrections have been taken care of by incorporating Grimme’s atom-pairwise dispersion
correction approach 5512 as implemented in ORCA. The spin-orbit coupling (SOC) effects
were treated using Quasi-degenerate perturbation theory (QDPT) approach 53 where the spin-
orbit mean field (SOMF) operator S S15 accounts for mixing of state with different
multiplicities (AS = 0, 1) as implemented in the ORCA. Ab initio ligand field theory (AILFT)
calculations were carried out along with CASSCF/NEVPT?2 calculations to compute the one-

electron ligand field energy (d-orbital splitting) and two electron integrals (Racah parameters).

CASSCF calculations were carried our alson in the MOLCAS code.>'® Here, we have
employed the [ANO-RCC...5s4p2d1f] basis set for Co, the [ANO-RCC...4s3p] basis set for S,
the [ANO-RCC...3s2p] basis set for N, O, and C atoms and the [ANO-RCC --2s] basis set for
hydrogen. First, we carried out CASSCF calculations with an active space of seven electrons
in five d-orbitals and calculated 10 quartet and 40 doublet spin-free states. In the next step, we
mixed the 10 quartets and 40 doublets using the spin-orbit restricted active space spin
interaction (SO-RASSI) to calculate the spin-orbit coupled states. The spin-orbit coupled states
were then taken to the SINGLE_ANISOSY program to calculate the SH parameters (D-tensor,
g-tensor) and ab initio blockade barrier. Here we have turned on resolution of identity Cholesky

decomposition (RICD) throughout the calculation to save the disk space.



POLY_ANISO Simulation

The exchange spectrum (dipolar and exchange contributions), along with the magnetic
properties of the dinuclear compound, was simulated using POLY_ANISOS!8 code based on
obtained results from the ab initio calculations. The POLY_ANISO code has been successfully
used to simulate the magnetic properties of highly anisotropic polynuclear complexes.S'%-524
Thus, we have computed the exchange coupling along with the SINGLE_ANISO values
considering the lines (Heisenberg + Ising) model using the spin-Hamiltonian

iqj G2 1 G2 G2 G2 1
A = Doon |82 = 55(5 + D]+ Ecowa[$% = 831 + Dooez [$7 ~ 3565 + 1]

+ Ecom1|S2 — 5}] — JrotSco@1Sco@z + 2

Where D, E, and Jwt represents the axial zero-field splitting, rhombic zero-field splitting and
complete tensor of the exchange interaction between the two anisotropic Co(ll) centers,
respectively. The zJ' represents the intermolecular exchange term. The last term is used to

obtain the reasonably good fit ¢ T vs T at very low temperature.

Broken Symmetry DFT calculation

To compute the strength of the isotropic exchange coupling between the Co(ll) centers in the
complexes 1-2, here we have carried out scalar relativistic DFT calculations. The scalar
relativistic effects were accounted by Doughlas-Kroll-Hess (DKH) approximation as
implemented in ORCA.. Here, we have used DKH-def2-TZVP®° basis set for all the atoms. All
the broken-symmetry density functional theory (BS-DFT) calculations were carried out with
B3LYPSY functional and Grimme’s D3BJS!512 dispersion correction. The BS solutions were
obtained by flipping the spin on one of the Co(ll) centers of the dimer using “spinflip” approach
as implemented in ORCA. The broken-symmetry solutions were verified by analyzing the
nature of the spin density (spin-flip) on the individual paramagnetic centers. The exchange
coupling was computed with the Yamaguchi formula$?>S2% by scaling the energy difference
between the high-spin and broken-symmetry solutions according to their spin expectation
values. To speed up the calculations, here we have used resolution-of-identity-chain-of-spheres
RIJCOSX5%" as implemented in ORCA. A Tight convergence settings were used “tightscf” was
used throughout the calculations for better numerical accuracy.
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Figure S1. Comparison of the experimental PXRD patterns of 1 (a) and 2 (b) with the

simulated patterns from their single crystal structures based on bulk sample. (c) Comparison
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Figure S2. Crystal structure of the impurity in bulk sample of 2.
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Figure S3. Thermogravimetric curves of 1 and 2 measured under the nitrogen atmosphere upon

the continuous heating with the 10 °C-min ™' rate.
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Figure S4. The designed cobalt dimer complex with tetrahedral Co®" centers.
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Figure S5. The asymmetric units of 1 and 2.
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Table S1. Selected bond lengths (A) and angles [ for 1.

parameter
Col-N1
Col-N2
Col-N3
Col-N4
Col-N5
Col-N6!

CO‘Naverage
N1-Col-N2

N1-Col-N5

N1-Col-N6!
N2-Col-N5
N2-Col-N6!
N3-Col-N1
N3-Col-N2

N4-Col-N5

Value / A, ©
2.116(3)
2.1413)
2.093(3)
2.069(3)
2.202(3)
2.206(3)

2.138
76.51(13)

101.40(12)

171.73(13)
86.28(11)
95.70(12)
100.88(13)
175.82(12)

161.35(12)

Symmetry transformations used to generate

equivalent atoms: ! 1-X,1-Y,1-Z



Table S2. Selected bond lengths (A) and angles [ for 2.

parameter
Col-N1
Col-N4
Col-N5!
Col-N6
Col-N
N1-Col-N5!
N1-Col-N6
N4-Col-N1
N4-Col-N5!
N4-Col-N6

N6-Col-N5!

Symmetry transformations used to generate

Value / A, ©
1.9840(14)
1.9832(14)
2.0145(15)
2.0036(15)
1.996
114.30(6)
115.09(6)
81.04(6)
113.56(6)
112.62(6)

115.57(6)

equivalent atoms: *1/2-X,1/2-Y,1-Z




Table S3. Continuous Shape Measure (CSM) analysis for Co(ll) ions in 1 and 2.

CSM parameters™ Determined
ﬁgg}’c 2}112?’ six-coordinated coordination sphere ;22;3;1:5%
HP-6 PPY-6 0C-6 TPR-6 JPPY-6
1 29.044 23.706 6.505 15.856 25.394 0C-6
four-coordinated coordination sphere
2 SP-4 T-4 SS-4 vIBPY-4
29.314 2.235 9.410 3.081 T-4

* CSM parameters for six-coordinated complexes: 5

HP-6 the parameter related to the hexagon (Den)

PPY-6  the parameter related to the pentagonal pyramid (Csy)
0C-6 the parameter related to the octahedron (Oy)

TPR-6  the parameter related to the trigonal prism (Dsn)

JPPY-6  the parameter related to the Johnson pentagonal pyramid (C5v)
SP-4 Square

T-4 Tetrahedron

SS-4 Seesaw or sawhorse} (cis-divacant octahedron)

vIBPY-4 Axially vacant trigonal bipyramid
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Figure S6. Packing diagram of the dicrete Co2 metallocycle of 1 along crystallographic b axis.
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Figure S8. Frequency dependence of the in-phase (y ") and out-of-phase (") ac susceptibilities

measured under zero dc field at 2.0 K for 1 and 2.



Supporting Information

0.10 1.2
2
- ||
0.08- E 0.9- *
) ., ’ B
£ 006 5 ! |
B Zoe iy
-3 = " " /'/
0.04- —=—1Hz
=123 Hz 0.3 .- vy
31.6 Hz 4 /o
0.02- 81.1 Hz o "
152 Hz i
0.02 — \ | L L . 00_ ) R | R |
284 Hz = 26Hz
—m— 389 Hz 0.6 6.6 Hz
533 Hz " 12.3 Hz
—®— 730 Hz /. 314 Hz
T —=—999 Hz e " 110.0Hz
=] o 0.4 / —m—389.8 Hz
= LY [l = 999 Hz
= 0.01- = \
© o
:}f :E
=
0.00-

T/K T/K
Figure S9. Temperature dependence of the in-phase (y’) and out-of-phase (y") part of the ac

susceptibilities measured under 1 kOe dc field for 1 and 2.



Supporting Information

0.015+

0.010 -

/ cm®mol”

M

"

0.005 -

74

0.000-
003 004 005 006 007
%, | cm’mol”

0.5 —y 20K

_ (i \
0.1 .1:

0-0 ILI‘“ T T T T h T

T T T T v
0.0 0.2 04 0.6 0.8 1.0 1.2
2,1 cm’mol™

Figure S10. Cole-cole plot for 1 and 2 under 1000 Oe dc field. The solid lines are the best fits

to the experiments with the generalized Debye model.




Table S4. Relaxation fitting parameters from the least-square fitting of the Cole-Cole plots of
1 according to the generalized Debye model.

T/K t/s xs / cm’mol 'K xr / cm*mol 'K a
2.0 0.02593 0.88559 0.00402 0.1996
2.2 0.02069 0.84228 0.00339 0.20167
24 0.01473 0.7883 0.00264 0.17648
2.6 0.00944 0.73492 0.00196 0.18538
2.8 0.00556 0.69178 0.00157 0.16017
3.0 0.00306 0.64145 0.00121 0.12316
32 0.00155 0.61862 1E-3 0.1147
34 9.3E-4 0.57057 7.6E-4 0.00478

Table S5. Relaxation fitting parameters from the least-square fitting of the Cole-Cole plots of

2 according to the generalized Debye model.

T/K t/s xs / cm’mol 'K xr / cm*mol 'K a
2.0 0.08285 0.01968 1.31523 0.08255
2.4 0.04469 0.02196 1.20739 0.05949
2.8 0.02459 0.02033 1.10862 0.04663
32 0.01392 0.01897 1.02591 0.04007
3.6 0.00815 0.01746 0.96335 0.03177
4.0 0.00483 0.02067 0.90638 0.02707
4.4 0.00283 0.01996 0.8571 0.02827
4.8 0.00162 0.01766 0.81173 0.02985
5.2 8.89907E-4  0.01021 0.76996 0.03886

5.6 4.92184E-4  0.01265 0.73448 0.03463




Table S6. CASSCF/NEVPT2 computed 10 spin-free quartets (red) and 40 spin-free doublets

(blue) states along with the spin-orbit states for 1. All the values are reported here in cm™.

Co@1
SPIN-FREE STATES SPIN-ORBIT STATES
CASSCF NEVPT?2 CASSCF NEVPT?2

0.0 49181.4 0.0 46350.8 0.00 36510.49 0.00 37125.95
700.4 |49649.1| 969.9 46433.0 | 138.23 | 37045.05 | 104.75 | 37969.88
1195.9 | 72012.1 | 1632.7 | 64714.0 | 818.62 | 37294.51 | 1048.64 | 38702.29
7281.6 | 72298.6 | 9528.6 | 65212.9 | 1087.23 | 37574.59 | 1264.94 | 38977.44
7684.6 | 73038.4 | 10132.7 | 65900.3 | 1483.28 | 37973.45 | 1841.54 | 39348.98
8352.8 | 74107.8 | 10955.5 | 67265.2 | 1609.31 | 47106.19 | 1962.48 | 42533.23
16002.4 | 74260.4 | 20554.6 | 67480.1 | 7528.14 | 47666.19 | 9244.24 | 43249.63
23543.5 22482.3 7568.25 | 48133.55 | 9711.65 | 43871.46
24491.6 23560.8 7933.79 | 48570.39 | 9742.74 | 45321.70
25526.2 24870.3 7990.48 | 49229.38 | 10306.25 | 46322.89
13530.2 9021.9 8599.18 | 49565.76 | 10364.93 | 46645.17
14743.7 10675.6 8686.53 | 49963.72 | 10911.86 | 46710.61
19600.3 17832.5 13790.76 | 72286.31 | 11131.75 | 64950.18
19944.9 18405.6 15001.51 | 72625.90 | 11215.22 | 65472.96
20251.7 18843.8 16301.15 | 73360.97 | 17998.99 | 66176.30
20425.2 19125.0 16305.42 | 74322.56 | 18566.40 | 67439.22
20731.2 19444.5 19783.76 | 74705.90 | 18989.34 | 67853.77
21032.7 19976.8 20137.88 19414.97
25618.7 22721.4 20465.55 19744.90
25757.2 22800.7 20812.69 20239.09
26005.5 23162.3 21119.69 20809.88
26179.5 26561.7 21433.24 20853.68
28945.7 28532.2 23635.32 22123.88
29184.5 28621.2 23718.33 22406.49
29931.9 30103.3 24519.44 22809.61
30093.4 30166.5 24678.69 23181.53
30388.8 30455.6 25342.90 23309.60
30747.1 31058.1 25637.86 23919.86
32513.5 32685.7 25792.13 24172.20
32591.2 32846.7 26393.95 25189.76
35179.8 35106.7 26595.87 25275.69
35717.4 35867.7 26999.98 26838.91
35861.9 35905.2 29230.28 28720.90
36077.5 36767.5 29576.61 28991.04
36556.0 37614.6 30238.13 30321.77
36902.7 38455.8 30388.35 30418.19
37240.7 38769.6 30692.84 30698.97
37367.2 38839.0 31033.29 31280.75
46913.3 42361.2 32794.52 32920.59
47359.9 43006.3 32947.96 33126.78
47782.3 43583.4 35365.19 35271.15
48286.4 45093.6 35880.21 35986.87
49005.4 46154.4 36012.88 36169.93
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Co@2

SPIN-FREE STATES SPIN-ORBIT STATES
CASSCF NEVPT?2 CASSCF NEVPT?2
0.0 72298.6 0.0 65213.0 0.00 37574.60 0.0 38977.4
700.4 | 73038.4 | 969.8 65900.3 | 138.23 | 37973.46 104.8 39349.0
11959 | 74107.8 | 1632.7 | 67265.2 | 818.61 |47106.19 | 1048.6 42533.2
7281.6 | 74260.4 | 9528.7 | 67480.1 | 1087.23 | 47666.19 | 1264.9 43249.6
7684.6 10132.7 1483.27 | 48133.55 | 1841.5 43871.5
8352.8 10955.5 1609.31 | 48570.39 | 1962.5 45321.7
16002.4 20554.6 7528.14 | 49229.38 | 9244.2 46322.9
23543.5 22482.3 7568.26 | 49565.76 | 9711.7 46645.2
24491.6 23560.8 7933.80 | 49963.73 | 9742.8 46710.6
25526.2 24870.3 7990.48 | 72286.31 | 10306.3 | 64950.2
13530.2 9021.9 8599.18 | 72625.91 | 10364.9 | 65473.0
14743.7 10675.6 8686.53 | 73360.97 | 10911.9 | 66176.3
19600.3 17832.5 13790.76 | 74322.56 | 11131.8 | 67439.2
19944.9 18405.6 15001.50 | 74705.90 | 11215.2 | 67853.8
20251.7 18843.8 16301.16 17999.0
20425.2 19124.9 16305.43 18566.4
20731.2 19444.5 19783.76 18989.3
21032.6 19976.8 20137.88 19415.0
25618.7 22721.4 20465.55 197449
25757.2 22800.7 20812.69 20239.1
26005.5 23162.3 21119.69 20809.9
26179.5 26561.7 21433.24 20853.7
28945.7 28532.2 23635.32 22123.9
29184.5 28621.2 23718.33 22406.5
29931.9 30103.3 24519.44 22809.6
30093.4 30166.5 24678.69 23181.5
30388.8 30455.6 25342.90 23309.6
30747.1 31058.1 25637.86 23919.9
32513.5 32685.7 25792.14 24172.2
32591.2 32846.7 26393.95 25189.8
35179.8 35106.7 26595.87 25275.7
35717.4 35867.7 26999.98 26838.9
35861.9 35905.2 29230.28 28720.9
36077.5 36767.5 29576.62 28991.0
36556.0 37614.6 30238.13 30321.8
36902.7 38455.8 30388.35 30418.2
37240.7 38769.6 30692.85 30699.0
37367.2 38839.0 31033.29 31280.8
46913.3 42361.2 32794.52 32920.6
47359.9 43006.3 32947.96 33126.8
47782.3 43583.4 35365.20 35271.2
48286.4 45093.6 35880.21 35986.9
49005.5 46154.4 36012.88 36169.9
49181.4 46350.8 36510.49 37126.0




49649.1
72012.1

46433.0
64714.0

37045.05
37294.52

37969.9
38702.3

Table S7. CASSCF/NEVPT2 computed 10 spin-free quartets (red) and 40 spin-free doublet

(blue) states along with the spin-orbit states for complex 2. All the values are reported here in
-1

cm™,
Co@1
SPIN-FREE STATES SPIN-ORBIT STATES
CASSCF NEVPT?2 CASSCF NEVPT?2
0.0 47874.0 0.0 44077.2 0.00 33027.20 0.00 32636.13
3126.9 | 48019.8 | 3766.7 | 44619.9 | 29.93 |33443.91| 28.11 | 33876.65
5200.7 | 68541.2 | 6946.5 | 59866.4 | 3138.88 | 34074.05 | 3783.01 | 34229.79
5288.2 | 69430.0 | 7052.6 | 61431.9 | 3267.75 | 35634.57 | 3886.28 | 36069.58
6678.3 | 71649.6 | 8656.7 | 63964.5 | 5077.78 | 35890.79 | 6826.15 | 36640.39
8509.5 | 71884.3 | 10641.6 | 64222.0 | 5294.76 | 45496.64 | 7012.74 | 41051.50
8701.5 | 73043.2 | 11140.3 | 65749.6 | 5354.67 | 46050.55 | 7080.46 | 41463.03
22459.1 21184.7 5396.04 | 46378.79 | 7123.96 | 42151.76
22763.4 21299.9 6806.75 | 47274.60 | 8753.88 | 43277.61
24959.6 23819.8 6933.48 | 47617.45 | 8871.19 | 43687.68
19829.9 17787.4 8305.70 | 48037.50 | 10495.10 | 44225.60
19894.2 18197.2 8631.11 | 48205.73 | 10761.02 | 44761.16
20040.8 18252.7 9001.31 | 68688.75 | 11354.74 | 60008.18
20106.9 18557.0 9257.12 | 69600.47 | 11554.78 | 61583.08
20589.6 19163.5 19548.10 | 71801.20 | 17650.01 | 64102.23
21477.7 20945.6 19961.41 | 72020.45 | 18248.94 | 64348.02
22650.9 21946.3 20130.64 | 73245.10 | 18415.35 | 65925.50
23191.3 22711.3 20401.06 18713.23
23998.5 23970.1 20757.34 19300.34
25812.8 24355.2 21786.22 21077.60
26572.5 24966.3 22421.56 21156.04
26676.3 25570.9 22485.81 21179.38
26795.8 25871.9 22680.20 21336.90
27500.8 25916.7 22822.69 21509.44
28228.9 26641.5 22936.74 21982.64
28847.9 27791.2 23279.03 22789.12
29740.3 28025.5 24166.07 23622.03
30048.9 29512.8 24903.26 23898.92
30274.0 29812.3 25068.36 24245.68
30438.5 30417.9 25937.27 24464.25
31294.7 30679.3 26589.49 25094.07
31891.9 31247.5 26830.49 25606.40
32413.9 31713.1 27235.51 26146.52
32817.7 32430.6 27764.56 26257.30
33242.2 33734.2 28306.34 26755.23
33866.0 34024.7 29069.14 27908.80
35393.2 35872.1 29792.79 28219.33
35559.7 36399.4 30074.82 29565.16
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45375.5 40947.7 30492.52 30041.97
45940.4 41361.9 30856.24 30635.42
46249.6 42041.9 31429.65 30803.31
47156.6 43173.0 31949.14 31281.84
47493.7 43582.6 32660.93 31971.25
Co@2
SPIN-FREE STATES SPIN-ORBIT STATES
CASSCF NEVPT?2 CASSCF NEVPT?2

0.0 48019.8 0.0 44619.9 0.00 33443.90 0.00 33876.65
3126.9 | 68541.2 | 3766.7 | 59866.4 29.93 34074.05 28.11 34229.79
5200.7 | 69430.0 | 6946.5 | 61431.9 | 3138.86 | 35634.56 | 3783.00 | 36069.58
5288.2 | 71649.6 | 7052.6 | 63964.4 | 3267.74 | 35890.79 | 3886.27 | 36640.38
6678.3 | 71884.3 | 8656.7 | 64222.0 | 5077.78 | 45496.64 | 6826.15 | 41051.50
8509.5 | 73043.2 | 10641.6 | 65749.5 | 5294.76 | 46050.54 | 7012.74 | 41463.02
8701.5 11140.3 5354.67 | 46378.80 | 7080.46 | 42151.76
22459.1 21184.7 5396.03 | 47274.60 | 7123.96 | 43277.60
22763.4 21299.9 6806.74 | 47617.45 | 8753.88 | 43687.67
24959.6 23819.8 6933.48 | 48037.49 | 8871.19 | 44225.60
19829.9 17787.4 8305.69 | 48205.73 | 10495.10 | 44761.16
19894.2 18197.2 8631.10 | 68688.75 | 10761.02 | 60008.17
20040.8 18252.7 9001.31 | 69600.47 | 11354.74 | 61583.09
20106.9 18557.0 9257.12 | 71801.19 | 11554.77 | 64102.23
20589.6 19163.5 19548.09 | 72020.45 | 17650.00 | 64348.01
21477.7 20945.6 19961.41 | 73245.09 | 18248.93 | 65925.50
22650.9 21946.3 20130.64 18415.34
23191.3 22711.3 20401.06 18713.24
23998.5 23970.1 20757.33 19300.33
25812.8 24355.2 21786.21 21077.61
26572.5 24966.3 22421.56 21156.03
26676.3 25570.9 22485.80 21179.38
26795.8 25871.9 22680.19 21336.90
27500.8 25916.7 22822.69 21509.45
28228.9 26641.5 22936.75 21982.63
28847.9 27791.2 23279.03 22789.13
29740.3 28025.5 24166.07 23622.02
30048.8 29512.8 24903.24 23898.91
30274.0 29812.4 25068.35 24245.67
30438.5 30417.9 25937.26 24464.24
31294.7 30679.3 26589.49 25094.08
31891.9 312475 26830.49 25606.40
32413.9 31713.1 27235.51 26146.51
32817.7 32430.6 27764.55 26257.29
33242.2 33734.2 28306.35 26755.24
33866.0 34024.7 29069.15 27908.80
35393.2 35872.1 29792.79 28219.33
35559.7 36399.4 30074.81 29565.15
45375.5 40947.7 30492.52 30041.98
45940.4 41361.9 30856.25 30635.42
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46249.6
47156.6
47493.7
47874.0

42041.9
43173.0
43582.6
44077.2

31429.65
31949.14
32660.93
33027.20

30803.31
31281.83
31971.24
32636.12




complexes 1 and 2. All these data obtained from ORCA code.

Table S8. CASSCF (7,5)+NEVPT2 computed Spin-Hamiltonian parameter (g, D, |E/D|) along with wave function decomposition analysis for

1 2
Parameters | CASSCF NEVPT2 CASSCF | NEVPT2
Contribution to D (cm™) Contribution to D (cm™)
0.0 0.0 0.0 0.0
“Tig 38.9 31.1 17.5 14.6
23.0 17.5 12.0 -18.4
D EHA | 65.69 49.43 13.12 -12.36
2PT 67.38 48.00 15.27 13.37
E/D| EHA 0.18 0.20 0.31 0.31
2PT 0.30 0.29 0.28 0.32
Omin 2.0188 2.0317 2.1854 2.1420
Omid 2.4532 2.3857 2.2776 2.2125
Omax 2.7673 2.6544 2.3797 2.3221
KD1: 49%3/2; #1/2 ) + 45%][3/2; #3/2) | KD1: 92% [3/2; 43/2) + 6%|3/2; +1/2)
Omin 2.0443 1.9075 1.6453 1.5056
Omid 3.4628 3.2719 2.3824 2.0912
Omax 6.7450 6.6015 6.4382 6.4021
KD1: 50%|3/2; 43/2 ) + 47%|3/2; #1/2 ) | KD1: 91% |3/2; +1/2) + 5%]3/2; 3/2)
Omin 1.4022 1.4517 1.7018 1.7721
Omid 1.5079 1.4901 2.1716 2.3334




Omax

5.7410 5.8159 6.0162 5.7897

EHA : Effective Hamiltonian approach ;2PT : Second order perturbation Theory




Supporting Information

Figure S11. NEVPT2 computed orientation of computed effective g-tensor and D-
tensor for complex 1. Color code: Co(cyan), N (blue), S(yellow), C (grey), O(red). The

hydrogens are omitted for clarity.
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Supporting Information

Figure S12. NEVPT2 computed orientation of computed effective g-tensor and D-
tensor for complex 2. Color code: Co(cyan), N (blue), S(yellow), C (grey), O(red). The

hydrogens are omitted for clarity.
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Figure S13. Model complex prepared to study the variation in spin-Hamiltonian

parameters with change in /N-Co-N. Color code: Co (cyan); N (blue), O (red), S
(yellow), C (grey).
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Table S9. NEVPT2 computed variation of the spin-Hamiltonian parameters (D and
|E/D]) with change in £N-Co-N for model complex 2.

Z/N-Co-N (°) D (cm™) E/D
80 -59.6 0.01
85 -48.9 0.02
90 -40.1 0.03
95 327 0.05
100 26.4 0.08
105 212 0.12
110 -16.7 0.19
115 124 0.30
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Figure S14. NEVPT2 computed variation of energy of the first three excited states (in
cm™!) with change in the £ N-Co-N (°) for model complex 2 (black line: ground state;

red, green, blue: first, second and third excited states respectively)
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Table S10. Energies (in cm™) of spin-free ground and first excited state of the S = 3/2
states spanned by the d’ configuration in 1 and 2, and the constituting electronic

configurations.

Complex Energy (cm™) Electronic configuration
0.39 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l +
0.0
0.26 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
969.9
0.50 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l +
1 4Tlg
0.17 (dxy)'(dy2) ' (d,2)?(drz) (dy2_y2)?
1632.7
0.36 (dxy)z(dyz)l(dzz)l(dxz)z(dxz—yz)l +
0.27 (dxy)'(dy2)'(d,2)" (drz)? (dy2_y2)?
0.86 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l +
0.0
0.07 (dxy)*(dyz)'(d;2)?(dyz) ' (dy2_y2)?
3766.7
0.88 (dyy)'(dy2)'(d;2)?(drs) ' (dy2_y2)? +
2 4Tlg
0.07 (dxy)?(dyz)'(d,2)?(dxz)' (dy2_y2)!
6946.5
0.49 (dxy)z(dyz)z(dzz)l(dxz)l(dxz—yz)l +
0.30 (dxy)l(dyz)z(dzz)l(dxz)l(dxz—yz)z
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Table S11. Energies (in cm™) of spin-free of the ground and the first excited states of

the S = 3/2 states spanned by the d’ configuration in magneto-structural correlation

developed for complex 2, and the constituting electronic configurations.

Z N-Co-N(°) Energy (cm™) Electronic configuration
0.82 (dxy)?(dyz)" (dz2)* (diz)" (dyz—y2)* +
‘A, 0.0
0.16 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
0.82 (dxy)' (dy2) " (d;2)* (dxz) (dyz_y2)? +
1294 .4 (*Ay)
0.16 (dxy)?(dyz)" (dz2)* (diz)" (dyz—y2)*
80
0.63 (dxy)?(dyz)?(d;2)" (diz) (dyz_y2)* +
Ty | 7343 (“B))
0.16 (dxy)' (dyz)?*(dz2)' (dxz)* (dyz_y2)?
0.54 (dxy)' (dyz)?*(dz2)' (dxz) (dyz—y2)? +
8161.9 (“Bo)
0.17 (dxy)z(dyz)z(dzz)l(dxz)l(dxz—yz)l
0.82 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l +
‘Ar 0.0
0.17 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
0.82 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z +
1574.7 (*A1)
0.17 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l
85
0.63 (dxy)z(dyz)z(dzz)l(dxz)l(dxz—yz)l +
“T, | 7401.2 (“B1)
0.16 (dxy)l(dyz)z(dzz)l(dxz)l(dxz—yz)z
0.53 (dxy)?(dyz)"' (d,2)' (duz)? (dyz—y2)* +
8334.6 (*Ba)
0.19 (dxy)' (dy2) " (dz2)" (dxz)?(dyz_y2)?
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0.82 (dxy)*(dyz)' (d,2)* (dxz) ' (dyzy2)* +

“Ay 0.0
0.17 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
0.81 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z +
1878 (*A1)
0.17 (day)2(dy) (d2)2 (i) (day2)?
90
0.63 (dxy)z(dyz)z(dzz)l(dxz)l(dxz—yz)l +
‘T, | 7441.3 (“B1)
0.16 (dxy)l(dyz)z(dzz)l(dxz)l(dxz—yz)z
0.58  (diy)?(dy)"(dz2) (dx)? (dy2_y2)' +
8335.5 (“Ba)
0.16 (dyy)' (dy2)'(dz2)! (dyz)?(dy2—y2)?
0.81 (diy)(dy2)'(d;2)*(dx) (dyz_y2)t +
‘A, 0.0
0.17 (diy)' (dy2)'(d;2)?(dxz) (dy2—y2)?
0.81 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z +
2204.6 (‘A1)
0.17 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l
95
0.63 (dxy)z(dyz)z(dzz)l(dxz)l(dxz—yz)l +
T, | 7458.5 (“By)
0.15 (dxy)l(dyz)z(dzz)l(dxz)l(dxz—yz)z
0.58 (dxy)z(dyz)l(dzz)l(dxz)z(dxz—yz)l +
8194.4 (‘Ba)
0.16 (dxy)l(dyz)l(dzz)l(dxz)z(dxz—yz)z
0.81 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l +
‘A, 0.0
0.18 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
100
0.81(dxy)? (dyz)?(ds2) ' (dz) (dyz_y2)' +
“Ty | 2555.4 (*A))

0.18 (diy)' (dyz)?(d,2) (dxz) ' (dy2_y2)?
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7446 (“B1)

0-62(dxy)2 (dyz)z (dzz)l (dxz)l (dxz—yz)l T

0.17 (dxy)l (dyz)1 (dzz)z (dxz)z (dxz—yz)l

8012.8 (“By)

058 (dey)?(dy,) " (d,2) () (dyz_y2)" +

0.16 (dxy)l (dyz)1 (dzz)l (dxz)z (dxz—yz)z

0.80 (dxy)*(dyz)' (d,2)* (dxz) ' (dy2y2)* +

‘Ar 0.0
0.18 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
0.80 (dxy)' (dyz)"(d;2)* (dxz) " (dyz_y2)? +
2930.1 (*A))
0.18 (dxy)?(dyz)" (dz2)* (diz)" (dyz—y2)*
105
0.60 (diy)?(dyz)*(dy2) (dxz) (dyz_y2)t +
“T, | 7393.4 (“B1)
020 (dxy)' (dyz)"(d;2)* (dxz)? (dyz_y2)*
0.58 (dxy)z(dyz)l(dzz)l(dxz)z(dxz—yz)l +
7785.4 (*Bo)
0.16 (dxy)l(dyz)l(dzz)l(dxz)z(dxz—yz)z
0.80 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l +
‘Ar 0.0
0.18 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
0.80 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z +
3328.1 (*A))
0.18 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)z
110
0.56 (dxy)z(dyz)z(dzz)l(dxz)l(dxz—yz)l +
‘T, | 7284.9 (*B1)

0.25 (dxy)l (dyz)l (dzz)z (dxz)z (dxz—yz)l

7511.5 (‘Bo)

0.58 (dxy)?(dyz)' (d,2)' (dxz)*(dyzy2)" +

0.17 (diy)' (dyz)"' (dz2)" (dxz)* (dy2_y2)?
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115

0.79 (dxy)*(dyz)' (d,2)* (dxz) " (dy2y2)* +

‘Ar 0.0
0.18 (dxy)l(dyz)l(dzz)z(dxz)l(dxz—yz)z
0.80 (dxy)l(dyz)z(dzz)l(dxz)l(dxz—yz)z +
3793.9 (*Aj)
0.19 (dxy)z(dyz)l(dzz)z(dxz)l(dxz—yz)l
0.51 (dey)?(dy)2(d2) (di) (dy_y)? +
T, | 7067.9 (“B1)

0.30 (dxy)l (dyz)1 (dzz)z (dxz)z (dxz—yz)1

7154.8 (“B2)

0.58 (dxy)?(dyz)' (d;2)' (dxz)?(dyzy2)* +

0.18 (diy)'(dyz)"' (dz2)" (dxz)? (dy2_y2)?
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Table S12. AILFT computed d-orbital ordering in the magneto-structural correlation

developed for complex 2.

£N-Co-N | 80 85 90 95 100 105 110 115
dy: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
dx: 1116.5 | 9263 | 760.1 |617.5 |432.4 |2789 |128.2 |32.1
dxy 1175.2 | 1446.2 | 1758.5 | 2104.2 | 2430.5 | 2831.9 | 3257.4 | 3796.8
dx2-y2 6871.0 | 6762.7 | 6663.7 | 6553.7 | 6462.4 | 6372.8 | 6288.2 | 6141.3
d:> 7883.8 | 7749.9 | 7583.2 | 7401.3 | 7165.3 | 6875.9 | 6545.0 | 6228.1
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Table S13. AILFT derived ligand field parameters computed at CASSCF (in
parentheses) and NEVPT2 level of theory for complexes 1 and 2. The values of B, C, &

parameters are provided in units of cm™,

Parameter | Free Co(II) 1 2 % reduction
& 527 514.6 507.1 2.353 3.776
B 1040.3 1025.2 981.9 1.452 5.614
(1251.9) (1189.3) (1167.9) (5.000) (6.710)
C 4157.7 3923.6 3901.4 5.631 6.164
(4621.1) (4412.3) (4373.2) (4.518) (5.365)
C/B 3.997 3.827 3.973 4.253 0.600
(3.691) (3.710) (3.745) (-0.515) (-1.463)
% reduction = 1 — (M) X1
free Co(Il)
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Figure S15. POLY ANISO simulated energy spectrum of exchange coupled states in
complex 1. Black bars are the energies of exchange-coupled states arranged according
to the associated magnetic moments. The dotted red lines and numbers represent the
possibility of quantum tunnelling between the states, while blue arrows/numbers

represent the possibility of Orbach relaxations.
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Table S14. BS-DFT computed energies of high-spin and broken-symmetry solution of

complex 1 using H=-2JS:S;, formalism.

Solution Energy (En) pCol pCoz <S*2> J (cm™)
HS -7409.811455 2.6443 2.6443 12.0296 -3.72
BS1 -7409.811607 -2.6427 2.6427 3.0285

J values are estimated using the following equation,

J=—

S41
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Table S15. BS-DFT computed energies of high-spin and broken-symmetry solution of

complex 2 using H=-2JS:S; formalism.

Solution Energy (En) pCol pCoz <S*2> J (cm™)
HS -7349.13518323578 2.643390 2.643390 12.0160 -0.00002
BS1 -7349.13518323484 -2.643390 | 2.643390 3.0160
J values are estimated using the following equation,
J= - Eps — Eps
Shs — Sbs
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Table S16. Energies of low-lying pseudo-KDs, associated g-values, and tunneling

splitting for complex 1 obtained from the POLY_ANISO simulation.

Energy of Exchange doublets o A tunneling
0.00
0.007244 5.31
5.31
12.92
12.88903 2.52
15.44
143.33
0.000586 2.17
145.50
145.69
5.873261 0.32
146.01
146.07
0.001463 4.09
150.16
155.43
7.821624 1.52
156.94
280.54
0.002637 0.96
281.51
29591
11.61671 0.07
295.99
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Table S17. RASSCF computed D, g, and E values for complexes 1 and 2 obtained from

MOLCAS code.
Complex 1 Spin-free energies Computed D values
Energies of KDs (cm-1) 0.00 Xa  0.999212-0.023035 0.032332
Tig 724.26 Ya 0.023592 0.999578 -0.016973
129024 1229.62 Za -0.031928 0.017723 0.999333
4 AT D= 664327
gx= 2.079795113 Tag | 7770.34 E— 125883
gy = 3.58327688 8468.35 Za is the orientation of the main magnetic axes
gz= 6.637110995 ‘Ass | 16172.42
Complex 2 Spin-free energies Computed D values
Energies of KDs (cm-1) | *A, 0.00 Xa  0.999771-0.021286 0.002288
3290.40 Ya 0.021276 0.999765 0.004200
301.?608 ‘T, | 5277.58 Za -0.002377-0.004151 0.999989
5566.67
D= 14.7919
gx= 2.372423777 6918.99 E= 32763
gv= 2288270188 T 8767.83 Za is the orientation of th.e main magnetic axes
gz= 2.175636467 8950.71
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Supporting Information

Figure S16. DFT calculated spin-density plot for the ground state (S=0) of complex (a)
1 and (b) 2; the positive and negative spin densities are represented by orange and blue
colour, respectively. The isodensity surface represented here corresponds to a value of
0.002 e/ bohr®.
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S, = 0.00065 S, = 0.00006 S, = 0.00001

Figure S17. DFT calculated overlap integrals for complex (a) 1 and (b) 2. The

isodensity surface represented here corresponds to a value of 0.03 e/ bohr®.
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