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Details of broken-symmetry DFT approach 

The broken-symmetry formalism, originally developed by Noodleman for SCF 

methods,1 which involves a variational treatment within the restrictions of a single 

spin-unrestricted Slater determinant built upon using different orbitals for different 

spin. This approach has been later applied within the framework of DFT as a practical 

tool to investigate magnetic interactions on rather large systems (for example, 

dinuclear, polynuclear, 1-D, 2-D and 3-D spin systems)2-7 with reasonable accuracy 

due to partial consideration of electron correlation effects.8, 9  

For three types of magnetic exchange pathways in 1, the calculated energies for 

the high-spin state and the low-spin broken-symmetry (BS) state of the spin dimmers 

associated with the spin exchange paths (i.e., structural units consisting of two 

adjacent magnetic anion sites) were combined to estimate the coupling constant J 

involved in the widespread used Heisenberg-Dirac-van Vleck Hamiltonian:10-12 

212ˆ SSJH


−=                 (1) 

Where 1S


 and 2S


 are the respective spin angular momentum operators, J is the 

magnetic coupling constant between two coupled magnetic centers. A positive sign of 

J indicates a ferromagnetic (FM) interaction, whereas the negative sign an AFM 

interaction. Assuming the so-called “weak bonding” regime, Noodleman et al.12-14 

evaluated J values within broken symmetry framework by 
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Where EBS and EHS denote the total energies in the low-spin broken symmetry (BS) 

state and the high-spin state, respectively, and Smax corresponds to the total spin of the 

high-spin state. It has been suggested that the following expression might give more 

reasonable solutions in the strong overlap region:15, 16 
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In the broken symmetry approach, the theoretical description of the high-spin state is 

not problematic because it corresponds to a ‘‘real’’ state. However, the low spin 

broken symmetry solution is not a state of the system and corresponds to a spin 

contaminated solution. The use of the spin projection techniques could eliminate such 

spin contamination, and Yamaguchi et al. claimed that magnetic coupling constant 

calculated by the approximate spin projection procedure reproduces the characteristic 

feature of J in the whole region,7, 17, 18 thus the magnetic coupling constants, J, 

obtained from Eq. (4) are used for the magnetic property analyses of 1: 
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The <S2>HS and <S2>BS in Eq. (4) denote the total spin angular momentum of the 

high-spin state and the low-spin broken-symmetry state, respectively. 
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Table S1 Average bond lengths in [Ni(dmit)2] moiety of 1 

 

 Ni-S (Å) S-C (Å) C=C (Å) Ref. 

[Ni(dmit)2]
2− 2.195(9) 1.733(8) 1.352(3) 19 

[Ni(dmit)2]
1− 2.166(10) 1.715(10) 1.360(6) 20 

 [Ni(dmit)2]
0.5− 2.163(3) 1.701(4) 1.382(7) 21 

  [Ni(dmit)2]
0 2.143(3) 1.698(5) 1.393(10) 22 

  Ni(1) moiety 2.163(2) 1.726(5) 1.354(5) This work 

  Ni(2) moiety 2.148(8) 1.721(4) 1.373(1) This work 

 

Table S2 The Ag vibrational modes and frequencies (cm-1) for Ni(dmit)2
n-. The Ag(1) 

mode is apparently the C=C stretching mode, Ag(2) is assigned to the C=S stretching 

mode, and Ag(3) is referred to the C-S stretching mode, respectively, the data are 

taken from [23, 24]. 

n Ag(1) Ag(2) Ag(3) 

023 1329 1051 496 

124 1343 1064 507 

This work 1368, 1324 1068, 1054 514, 499 

 

Table S3 Calculated Overlap integrals, transfer integrals and magnetic exchange 

constant for each spin dimer in the two-legged ladder chain of 1 

 S t J’/J 
J 0.00324807 0.03248070 

39.3 
J’ 0.02036502 0.20365020 
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Figure S1 PXRD patterns of 1 at room temperature which confirmed 1 has high phase 

purity. 

 

Figure S2 IR Spectrum of 1 shows the characteristic IR bands. 
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Figure S3 Thermogravimetric (red) and DSC (blue) carves of 1 indicated this 

compound is thermally stable up to 200 °C. 

 

Figure S4 Dispersion relations of (a) the mixed valence layer and (b) the anion layer 

where the neutral [Ni(dmit)2] species were removed in 1 (Fermi levels are shown by 

dashed lines, k-points: G = (0, 0, 0), X = (0.5, 0, 0), Y = (0, 0.5, 0), Z = (0, 0, 0.5) and 

Q = (0, 0.5, 0.5). 
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