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1. Optimized structures of considered systems 

 

Figure S1. a- b-, and c- projections of VASP optimized paramagnetic [nBu4N]2[Cu(opba)] 

diamagnetic [nBu4N]2[Ni(opba)] polymorphs.  



 

Figure S2. a-, b- projection of VASP optimized mixed (MIX) system [nBu4N]2[Cu(opba)] in 

[nBu4N]2[Ni(opba)] matrix.  

 

2. VASP and Orca scripts 

Examples of employed theoretical scripts in VASP and ORCA modeling: 

a) [nBu4N]2[Cu(opba)] VASP optimization script: 

 

 

 
b) [Cu(opba)]-2 Orca A-, Q- tensors modeling script: 



 

 

3. Theoretical background for ENDOR modeling 

Although in the main text we employed wildly used set of pre-scripted algorithms in 

EasySpin5.2 below we outline the minimal level of theory sufficient for ENDOR modeling within 

density matrix formalism. 

ENDOR. Theoretical calculations were performed numerically within the framework of a 

formalism of the density matrix considering one electron and two nitrogen nuclei spins. In this 



case, the transitions between the nitrogen sublevels are excited. The carrier frequency of the 

ENDOR pulse was selected specifically for the region of transitions between the nuclear sublevels 

of nitrogen, so we restricted ourselves to only these nuclei.  

The initial density matrix was taken as an equilibrium one, i.e.  

𝜌0 = 𝑆𝑧. 

The hyperfine and quadrupole interactions were described as: 

𝐻𝑖𝑛𝑡 = 𝐴(𝑁1) 𝑧𝑧𝑆𝑧𝐼(𝑁1)𝑧 + 𝐴(𝑁2)𝑧𝑧𝑆𝑧𝐼(𝑁2) 𝑧 + 𝑄(𝑁1) 𝑧𝑧𝐼(𝑁1)𝑧𝐼(𝑁1) 𝑧 + 𝑄(𝑁2) 𝑧𝑧𝐼(𝑁2)𝑧𝐼(𝑁2) 𝑧 

where А is the HFI tensor and Q is the quadrupole interaction tensor. 

During the pulse, the spin Hamiltonian can be written as:  

𝐻𝑝 = (𝛾𝑔𝑒𝑓𝑓 𝐵0 − 𝜔0)𝑆𝑧 − 𝛾𝑁 𝐵0𝐼(𝑁1)𝑧 − 𝛾𝑁 𝐵0𝐼(𝑁2)𝑧 + 𝛾𝑔𝑒𝑓𝑓 𝐵1𝑆𝑥 +𝐻𝑖𝑛𝑡  . 

Here the parameters were set as B1≈10 Gs; tp1= tp2= tp4=8 ns and 𝜔0 = 9682 MHz. 

The density matrix after the first microwave pulse reads: 

𝜌1 = 𝑒−𝑖 𝐻𝑝𝑡𝑝1 𝜌0𝑒𝑖 𝐻𝑝 𝑡𝑝1. 

The evolution period can be described by the spin Hamiltonian: 

𝐻0 = 𝛾𝑔𝑒𝑓𝑓 𝐵0𝑆𝑧−𝛾𝑁 𝐵0𝐼(𝑁1)𝑧 − 𝛾𝑁 𝐵0𝐼(𝑁2)𝑧 + 𝐻𝑖𝑛𝑡. 

After the first evolution period τ the density matrix can be defined as: 

𝜌2 = 𝑒−𝑖 𝐻0 𝜏𝜌1𝑒𝑖 𝐻0 𝜏. 

The density matrix after the action of the second π / 2 pulse takes the form: 

𝜌3 = 𝑒−𝑖 𝐻𝑝 𝑡𝑝2 𝜌2𝑒𝑖  𝐻𝑝 𝑡𝑝2. 



Before and after the action of the second 𝜋 / 2 pulse, we nullified the off-diagonal elements of 

the density matrix, leaving only the populations: 

𝜌3(𝑖,𝑗) = 0, 𝑖 ≠ 𝑗 . 

The action of the ENDOR pulse (B1≈0.1 Gs; tp3 = 8 ns) can be described by the spin 

Hamiltonian:  

𝐻𝐸𝑁𝐷𝑂𝑅 = −(𝛾𝑁 𝐵0 − 𝜔)𝐼(𝑁1) 𝑧−(𝛾𝑁 𝐵0 − 𝜔)𝐼(𝑁2)𝑧 + 𝐻𝑖𝑛𝑡 + 𝛾𝑁 𝐵1𝐼(𝑁1) 𝑥 + 𝛾𝑁 𝐵1𝐼(𝑁2)𝑥. 

The density matrix after the action of the ENDOR pulse reads: 

𝜌4 = 𝑒−𝑖 𝐻𝐸𝑁𝐷𝑂𝑅 𝑡𝑝3 𝜌3𝑒𝑖  𝐻𝐸𝑁𝐷𝑂 𝑅 𝑡𝑝3  . 

Before and after the action of the ENDOR pulse, we again nullified the off-diagonal elements of 

the density matrix, leaving only populations. 

𝜌4(𝑖,𝑗) = 0, 𝑖 ≠ 𝑗. 

The density matrix after the action of the third π / 2 pulse takes the form: 

𝜌5 = 𝑒−𝑖 𝐻𝑝 𝑡𝑝4 𝜌4𝑒𝑖  𝐻𝑝 𝑡𝑝4 . 

The density matrix after the second evolution during the time τ can be written as: 

𝜌 = 𝑒−𝑖 𝐻0𝜏𝜌5 𝑒𝑖 𝐻0𝜏  

Finally, the signal was estimated from the amplitude of the echo signal as Spur[Sy.ρ], where ρ is 

the density matrix of the system at the time of the echo formation. The dependence of the ENDOR 

signal was constructed from the ENDOR of the 𝜔 pulse. The parameters for the simulation were 

the eigenvalues of the HFI tensors of two nitrogen ligands (AN1┴, AN1||, AN1┴, AN1||), and their 

rotation Euler angles (𝛼, 𝛽)  relative to the copper HFI tensor. Since we assumed the axial 



symmetry of all the HFI tensors, we limited ourselves to two rotation angles for each HFI tensor 

of the nitrogen nuclei.  

EasySpin modeling. The online version of ESI also contains the animations for angle resolved 

ESR/ENDOR spectra for different orientation rotation axis.  

 

A1: rotation axis on the ping ring axes (1, 2, 3 ...): anim1_video.mp4 

A2: rotation axis on the blue ring: anim2_video.mp4 

A3. rotation axis goes through the origin and a node of the Fibonacci Sphere with 120 nodes: 

anim3_video.mp4 

S1.  ES spectra evaluation while rotation axis on the ping ring axes: anim4_video.mp4 

 


