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1) Crystallographic data 

Tab. S1 Crystallographic data for the reported compounds 1-3. 

 1 2 3 

Formula C34H28Cl2Co1Fe1P2 C34H28Br2Co1Fe1P2 C34H28Co1Fe1I2P2 

Mr 684.18 773.10 867.08 

Crystal system Triclinic, P1̅ Triclinic, P1̅ Monoclinic, P21 

a /Å 9.6088(6) 9.680(3) 8.9206(5) 

b / Å 9.7213(6) 9.912(3) 18.0297(11) 
c / Å 18.0783(10) 18.224(5) 9.9691(7) 

 / ° 96.099(5) 97.298(10) 90 

 / ° 99.950(5) 99.411(10) 94.857(2) 

 / ° 115.437(6) 116.006(8) 90 

V / Å3 1470.81(17) 1511.0(7) 1597.63(17) 

Z 2 2 2 
T / K 150 150 150 

Dc / g cm-3 1.545 1.699 1.802 

 / mm-1 1.371 3.803 3.028 

F(000) 698 770 842 

Reflections collected/unique 5182/3995 5326/4641 10770/8825 

Data/restraints/parameters 5182/0/361 5326/0/361 10770/1/361 

Goodness-of-fit (GOF) on F2 0.976 1.023 1.035 

R1, wR2 (I > 2σ(I)) a, b 0.0449/0.1153 0.0221/0.0447 0.0306/0.0517 

R1, wR2 (all data) a, b 0.0591/0.1191 0.0298/0.0461 0.0499/ 0.0644 

CCDC number 1998989 1998990 1998991 

a R 1 = ∑(|Fo| − |Fc|)/∑|Fo|, 
b wR2 = {∑[w(Fo

2 − Fc
2)2]/∑[w(Fo

2)2]}1/2 
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2) Temperature dependence in HF-ESR spectra 

 

  

Fig. S2 HF-ESR spectra of 2 at 10 K (left), 20 K (middle), and 40 K (right). The black solid line represents experimental data 
and the red solid line is the simulation. 

Fig. S1 HF-ESR spectra of 1 at 10 K (left), 20 K (middle), and 40 K (right). The black solid line represents experimental data 
and the red solid line is the simulation. 
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3) Static magnetic data measured for two batches of 3 

 

 

Fig. S3 Static magnetic data measured for two batches of 3, batch 1 (top), batch 2 (bottom). Empty circles = experimental 

data, red line = fit with following results: batch 1, giso =2.133, D = -29.2 cm-1, E/D = 0, TIP = 4.949x10-9 m3mol-1, zj = - 0.326 

cm-1; batch 2, giso = 2.291, D = -14.0 cm-1, E/D = 0. 
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4) Dynamic magnetic properties at zero magnetic field  

Fig. S4 In-phase real and out-of-phase imag molar susceptibilities for 1 at zero static magnetic field and in a non-zero static 

field. Lines serve as guides for the eyes. 

Fig. S5 In-phase real and out-of-phase imag molar susceptibilities for 2 at zero static magnetic field and in a non-zero static 

field. Lines serve as guides for the eyes. 
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5) One-component Debye´s model parameters 

Tab. S2 Parameters of one-component Debye model for 1 derived according to Eq. 4 in the main text. 

T/K χS/(10–6 m3 mol–1) χT/(10–6 m3 mol–1) α τ/(s) 

2.15 0.743 9.626 0.103 2.79E-02 

2.40 0.699 8.508 0.086 5.48E-03 

2.65 0.736 7.613 0.047 1.47E-03 

2.90 0.807 7.083 0.047 5.07E-04 

3.15 1.060 6.572 0.027 2.03E-04 

 

Tab. S3 Parameters of one-component Debye model for 2 derived according to Eq. 4 in the main text. 

T/K χS/(10–6 m3 mol–1) χT/(10–6 m3 mol–1) α τ/(s) 

1.90 0.672 9.399 0.166 6.46E-03 

2.00 0.691 8.888 0.140 3.19E-03 

2.10 0.722 8.439 0.125 1.62E-03 

2.20 0.614 8.214 0.139 9.92E-04 

2.30 0.429 7.863 0.154 4.94E-04 

2.40 0.940 7.447 0.094 3.07E-04 

2.50 0.863 7.172 0.096 1.78E-04 

2.60 0.699 6.927 0.102 1.07E-04 
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6) CASSCF/NEVPT2 calculations comparison 

CAS(7,5) CAS(7,10) 

  

  
Fig. S6 Comparison of experimental magnetic data and the calculated magnetic data from CASSCF/NEVPT2 calculations. 
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7) Individual contributions to D-tensor 

Tab S4. Individual contributions to D-tensor for 1-3 calculated by CASSCF/NEVPT2 with CAS(7,5). 
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-0.000 
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8) UV-VIS solution spectra comparison  

Fig. S7 shows UV-VIS solution spectra of dissolved 1 and 2 in 1 mM dichloromethane. The peaks in 

Tab. S5 agreed with the previous study.1 They showed a slightly detectable band at around 480 nm 

which can be ascribed to the e2 - e1 transition in the ferrocenyl moiety. In addition to this band, several 

other peaks observed can be assigned to d-d transitions of the 3d7 central ion in the approximately 

tetrahedral ligand field.2 [CoBr2(dppf)] peaks were shifted towards higher wavelengths, which can be 

attributed to the presence of bromide ligand instead of chloride. 

 

 

  

 
 

Fig. S7 UV-VIS spectra for compound 1 (red line) and 2 (black line) in 1 mM dichloromethane solution. 

 

Tab. S5. UV-VIS spectra peak positions with literature comparison. 

Complex λmax (nm) Source 

1a - [CoCl2(dppf)] 475 601 638 738 This Work 

1b - [CoCl2(dppf)] 450 606 636 737 Ref. 1 

2 - [CoBr2(dppf)] 481 633 666 751 This Work 

*In CH2Cl2 at 25 °C. 

400 500 600 700 800

666

751

A
b
s
o
rb

a
n
c
e
 (

a
rb

. 
u
.)

Wavelength (nm)

 1 - [CoCl2(dppf)]

 2 - [CoBr2(dppf)]

738
638

475

481

601

633



11 
 

9) XPS spectra comparison 

Fig. S8 XPS spectra for bulk compound 1, survey (top left), and then according to elements, spectra for P 2p, Cl 2p, C 1s, 

Co 2p, and Fe 2p photoelectron peaks. 

 

Fig. S9 XPS spectra for bulk compound 2, survey (top left), and then according to elements, spectra for P 2p, Br 3d, C 1s, 

Co 2p, and Fe 2p photoelectron peaks. 
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The chemical composition of bulk 1 and 2 was probed by means of XPS. Fig. S8 shows the survey 

spectrum which exhibited O 1s, C 1s, P 2s, P 2p, Cu 2p, Cl 2s, Cl 2p, Fe 2p, and Co 2p photoelectron 

peaks. In the case of 2, Br 3d instead of Cl 2p was present in Fig. S9. Both spectra showed also visible 

OKLL, FeLMM, CoLMM, CuLMM Auger peaks. Highly resolved spectra of C 1s, P 2p, Cl 2p (or Br 3d), Co 2p, 

and Fe 2p for both compounds revealed a similar chemical environment, through a fitting process by 

utilising the convolution of Voigt curves to reproduce spectra. The best-fit parameters were found by 

applying constraints to the components forming the overall spectrum based on the nature of the 

systems: taking into account the relationship between components area and total angular momentum 

multiplicity of the final states (for spectra related to orbitals with non-zero angular momentum) and 

assuming the same FWHM for analogues components in each sample.3,4 XPS spectra of bulk 2 

exhibited main ferrocene peak Fe 2p3/2 at 708.5 eV with spin-orbit coupling (SOC) separation of 

12.4 eV, which is in agreement with previous studies.5-7 The Co 2p photoemission line Co 2p3/2  at 

780.9 eV with SOC of 15.4 eV. Both compounds 1 and 2 exhibit shake-up features, which serve as a 

fingerprint of having paramagnetic Co(II) complex in the high-spin state.8-11 

Fig. S10 shows XPS survey spectra for bulk powder scratched on Cu foil (bulk), drop-cast from a 5 mM 

solution on Au(111) in a nitrogen atmosphere (drop), and a sublimated 30 nm thick film on Au(111) 

substrate (subl). 

  

Fig. S10 XPS survey spectra of 2 as a bulk powder (top), drop-cast in nitrogen on Au(111) (middle), and sublimated on 

Au(111). 

Tab. S6 shows a comparison of Fe 2p3/2 and Co 2p3/2 peak binding energies with previous studies. For 

cobalt, a slight shift (0.8 eV) of the 2p3/2 peak has been observed between the sublimated sample and 

bulk powder. Considering the direction of the shift (toward lower binding energies), the bromine 

deficiency, the excess of phosphorous and iron evidenced from stoichiometry evaluations, one 

scenario might be the partial decomposition of [CoBr2(dppf)]. However, Co 2p3/2 peak positions are in 

a good agreement with similar systems reported in the literature, with slight shifts due to the 

differences in the coordination environment.  

Tab. S6 Positions of Fe 2p3/2 and Co 2p3/2 binding energies.  
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10) XRPD data  

 

Fig. S11 XRPD data for compounds 1 and 2. Red lines: diffraction pattern calculated from the single-crystal structure for  = 

1.54056 Å, Black lines: experimental data.  
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Fig. S12 XRPD data for both batches of 3. Red lines: diffraction pattern calculated from the single-crystal structure for  = 

1.54056 Å, Black lines: experimental data. 
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Fig. S13 Comparison of the low-angle XRPD data for both batches of 3 (batch 1 – green, batch 2 – orange) and calculated 

diffraction pattern (blue). 
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