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Table S1: Molecular Iron Complexes present in the MPMIC80 dataset. 

 Complex[a] 2S+1[b] Fe ox. δexp  
(mm s-1) 

|ΔEQ|exp 
(mm s-1) 

T  
(K) Refs. 

1 [Fe(CO)4H]– 1 0 -0.17 1.36 77 1 
2 [Fe(CO)5] 1 0 -0.18 2.57 4.2 2, 3 
3 [Fe(η4-butadiene)(CO)3] 1 0 0.12 1.34 78 4 
4 Fe(CO)3(cyclo-butadiene) 1 0 0.02 1.52 78 5 
5 (MeLMe,Me)Fe(CNXyl)3 2 1 0.17 0.81 80 6 
6 LMeFe(η6-C6H6) 2 1 0.70 0.74 80 6 
7 (MeLMe,Me)Fe(CO)3 2 1 0.12 0.77 80 6 
8 Fe(phen)2(NCS)2 (LS) 1 2 0.34 0.34 77 7, 8 
9 Fe(LN4)(NCS)2 (LS) 1 2 0.44 0.77 80 9 
10 Fc (Ferrocene) 1 2 0.53 2.40 80 10 
11 [Fe(pyS4)(PH3)] 1 2 0.34 0.69 80 11 
12 [Fe(pyS4)(CO)] 1 2 0.19 0.88 80 11 
13 CpFe(CO)2Cl 1 2 0.27 1.82 4.2 12 
14 [Fe(OEP)(CO)] 1 2 0.27 1.84 4.2 13 
15 [Fe(PyO)I(CO)2PPh3] 1 2 0.10 0.48 55 14 
16 [Fe(PyS)I(CO)2PPh3] 1 2 0.10 0.35 77 15 
17 CpFe(CO)2Me 1 2 0.08 1.76 78 16 
18 [{Fe–NO}6(pyS4)]+ 1 2 0.04 1.63 80 11 
19 [CpFe(CO)3]+ 1 2 0.05 1.88 78 10 
20 [Fe(bipy)3]2+ 1 2 0.33 0.39 77 17 
21 [Fe(phen)3]2+ 1 2 0.34 0.23 77 18 
22 {Fe[HC(3,5-Me2pz)3]2}I2 (LS) 1 2 0.46 0.21 4.2 19 
23 Fc(COOH)2 1 2 0.48 2.16 80 20 
24 [Fe(pyS4)(SMe3)] 1 2 0.44 0.43 80 11 
25 PcFePy2 1 2 0.32 1.96 4.2 21 
26 [Fe(SC5H4NCO)I(CO)2(ArNC)] 1 2 0.01 0.29 77 15 
27 [(TIMMNMes)Fe(NAd)] 1 2 -0.18 0.41 80 22 
28 FcC≡CH 1 2 0.52 2.34 80 23 
29 FcCN 1 2 0.52 2.36 80 10 
30 Fc(COMe) 1 2 0.54 2.27 80 20 
31 Fc(COMe)2 1 2 0.49 2.27 80 20 
32 Fc(CO2Me) 1 2 0.53 2.30 80 20 
33 Fc(CO2Me)2 1 2 0.54 2.34 80 20 
34 [{Fe-NO}7(PyS4)] 2 2 0.33 0.40 80 11 
35 [Fe(OEP)] 3 2 0.62 1.71 4.2 24 
36 [Fe(TPP)] 3 2 0.52 1.51 4.2 25, 26 
37 Fe(phen)2(NCS)2 (HS) 5 2 1.01 2.82 77 7, 8 
38 Fe(cis-phen)2Cl2 5 2 1.08 3.26 80 27 
39 [Fe(LN4)(NCS)2] (HS) 5 2 1.11 2.51 80 9 
40 [FeS4C8O4]2– 5 2 0.67 4.01 4.2 28 
41 [Fe(SPh)4]2– 5 2 0.66 3.24 4.2 28 
42 [Fe(NCS)4]2– 5 2 0.97 2.83 4.2 29 
43 [Fe(SR)3]– ; R=C6H2-2,4,6-tBu3 5 2 0.56 0.83 4.2 30, 31 
44 [Fe(CH3CO2)TPpivP]– 5 2 1.05 4.25 4.2 32 
45 (MeLMe,Me)2Fe 5 2 0.84 1.80 80 33 
46 [Fe(bipy)3]3+ 2 3 0.07 1.76 77 34 
47 [Fe(phen)3]3+ 2 3 0.10 1.67 77 18 
48 [Fe(terpy)2]3+ 2 3 0.08 3.32 4.2 35, 36 
49 [Fe-trans-(cyclam)(N3)2]– 2 3 0.29 2.24 80 37 
50 [Fe(OEP)(4-NMe2Py)]+ 2 3 0.26 2.15 4.2 38 
51 [Fe(acpa)2]– (LS) 2 3 0.25 2.24 78 39 
52 Fe(thpu)(Hthpu) (LS) 2 3 0.28 3.09 80 40 
53 [(TIMMNMes)Fe(NAd)]+ 2 3 -0.12 2.54 80 22 
54 [Cp*2Fe]+ 2 3 0.57 0.00 77 41 
55 Fe(mnt)2(idzm) 4 3 0.36 2.64 77 42 
56 [Fe(η4-MAC*)Cl]2−  4 3 0.25 3.60 4.2 43 



 S3 

57 [Fe(S-t-Bu)3NO]− 4 3 0.26 0.46 4.2 44 
58 [Fe(SEt)4]− 6 3 0.25 0.62 4.2 45 
59 [Fe(NO)2(S(p-Me)Ph)]2− 6 3 0.18 0.69 4.2 46 
60 [Fe(C33H37N4)Cl] 6 3 0.39 1.36 70 47 
61 [Fe(porphyrin)(CH3COO)]  6 3 0.40 1.10 4.2 48 
62 Fe(acac)3 6 3 0.53 0.64 78 49 
63 Fe(tfa)3 6 3 0.53 0.67 78 49 
64 [Fe(phen)2Cl2]+ 6 3 0.39 0.05 80 10 
65 PcFeCl 6 3 0.28 2.56 77 21 
66 (MeLMe,Me)FeCl2 6 3 0.33 1.23 80 50 
67 [Cp*2Fe(CO)]2+ 1 4 0.42 3.22 77 41 
68 [(TIMMNMes)Fe(NAd)]2+ 1 4 -0.14 3.54 80 22 
69 [(N3N′)Fe(CN)] 1 4 -0.20 3.22 80 51 
70 Fe(PPh3)2(“S2”)2 3 4 0.16 1.52 4.2 52 
71 Fe(PPh3)(“S2”)2 3 4 0.12 3.03 4.2 52 
72 [Fe(N4Py)(O)]2− 3 4 -0.04 0.93 4.2 53 
73 [Fe(O)(TMC)(NCCH3)]2+  3 4 0.17 1.24 4.2 54 
74 [Cp*2Fe]2+ 3 4 0.59 2.00 77 41 
75 [Fe(O)(porphyrin)]+  4 4 0.08 1.62 4.2 55 
76 [Fe(η4-MAC*)Cl]−  5 4 0.04 0.89 4.2 56 
77 [Fe(B*)(O)]− 2 5 -0.42 4.25 4.2 57 
78 [Fe(cyclam-acetate)(N)]+ 2 5 -0.02 1.60 80 58 
79 [Fe(Me3cyclam-acetate)(N)]2+ 1 6 -0.29 1.53 4.2 59 
80 [(TIMMNMes)Fe(N)(F)]3+ 2 7 -0.72 3.30 78 60 

 

[a]LS= low-spin; HS= high-spin; Pc= phthalocyanine; MeLMe,Me = methyl substituted β-diketiminate; CNXyl = 

2,6-dimethylphenyl isocyanide; Cp= cyclopentadiene; PyO= 6-methyl-2-pyridonate; PyS=, 6-methyl-pyridyl-2-

thiolate; pyS4= dianion of 2,6-bis(2-mercaptophenylthiomethyl)pyrdidine; TMC= 1,4,8,11-tetramethyl-1,4,8,11-

tetraazacyclotetradecane; OEP= dianion of octaethylporphyrin; bipy= 2,2′-bipyridine; phen= 1,10-

phenanthroline; Pz= Pyrazole; ArNC= 2,6-Me2-C6H3NC; TPP= tetraphenylporphyrinate; TIMMNMes= tris-[2-

(3-mesityl-imidazole-2-ylidene)-methyl]amine; Ad= adamantane; Hacpa = N−(1-acetyl-2-propylidene)(2-

pyridylmethyl)amine; H2thpu= Pyruvic acid thiosemicarbazone; Cp*= Pentamethylcyclopentadien; mnt = cis-

1,2-dicyano-1,2-ethylenedithiolato; idzm =2-(p-pyridyl)-4,4,5,5-tetramethylimidazolinium; acac= 

acetylacetonate; tfa= trifluoroacetylacetonate; MAC* = tetra-anion of 1,4,8,11-tetraaza-13,13-diethyl-

2,2,5,5,7,7,10,10-octamethyl-3,6,9,12,14-pentaoxocyclotetradecane; “S2” = 1,2-benzenedithiolato-S,S′ dianion; 

B* = tetra-anion of 3,3,6,6,9,9-hexamethyl-3,4,8,9-tetrahydro-1H-1,4,8,11-benzotetraazacyclotridecine-

2,5,7,10(6H,11H)-tetraone. N3N′= tris(N-trimethylsilyl-2-amidoethyl)amine ligand; terpy= 2,2′:6′2′′-terpyridine; 

LN4= N-[(1-H-imidazol-4-yl)methylene]-N′-(1-pyridin-2-yl-ethylidene)-2,2-dimethyl-propane-1,3-diamin; 

TPpivP= “pivalamide-picket-fence” porphyrin; cyclam= 1,4,8,11-tetraazacyclotetradecane; 
[b]Total spin multiplicity of the complex. 
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Table S2: 21 molecular iron complexes and their experimental isomer shifts present in the 

high-T subset. The experimental isomer shifts were recorded at room temperature or close. 
 Complex[a] 2S+1[b] Fe ox. state δexp (mm s-1) Refs. 
1 PcFe(iPrNH2)2 1 2 0.25 61 
2 PcFe(dabco)2 1 2 0.33 61 
3 PcFe(Pz)2 1 2 0.26 61 
4 PcFe(THT)2 1 2 0.27 61 
5 PcFe(CO)(Py) 1 2 0.11 61 
6 PcFe(CO)(NH3) 1 2 0.12 61 
7 PcFe(PEt3)2 1 2 0.16 61 
8 PcFe(Et2NH)2 1 2 0.25 61 
9 PcFe(MeIm)2 1 2 0.24 61 
10 PcFe(Iz)2 1 2 0.27 61 
11 PcFe(Pyr)2 1 2 0.24 61 
12 PcFe(Tetr)2 1 2 0.15 61 
13 PcFe(CO)(THF) 1 2 0.10 61 
14 PcFe(CO)(Pip) 1 2 0.11 61 
15 PcFe(P(OEt)3)2 1 2 0.13 61 
16 Fc(CO2H) 1 2 0.44 20 
17 PcFe(mepip)2 1 2 0.27 21 
18 {Fe[HC(3,5-Me2pz)3]2}I2 (HS) 5 2 0.97 62 

19 [Fe(acpa)2]+ (HS) 6 3 0.33 39 
20 Fe(thpu)(Hthpu) (HS) 6 3 0.47 40 
21 [Fe(bipy)2Cl2]+ 6 3 0.42 23 
 

[a]HS= high-spin; Pc= phthalocyanine; dabco= 1,4-diazabicyclo[2.2.2]octane; Pz= Pyrazole; 

THT=tetrahydrothiophene; MeIm= N-methylimidazole; Iz= isoxazole; Tetr= tetrazine; THF= tetrahydrofuran; 

Pip= piperidine; mepip= 4-methylpiperidine; Hacpa = N−(1-acetyl-2-propylidene)(2-pyridylmethyl)amine; 

H2thpu= Pyruvic acid thiosemicarbazone; bipy= 2,2′-bipyridine. 
[b]Total spin multiplicity of the complex. 
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Table S3: Bond length and angles relevant to the Fe centre of two selected complexes. The 

structures are optimized by employing Defgrid2 and Defgrid3 integration grids and TPSSh-

D3BJ/X2C/x2c-TZVPall method. 

 
Complex #09 [FeII; 2S+1=1] Complex #57 [FeIII; 2S+1=4] 

Bond lengths (Å) 
& 
Bond angles (º) 

Defgrid2 Defgrid3 
Bond lengths (Å) 
& 
Bond angles (º) 

Defgrid2 Defgrid3 

Fe1-N4 1.939 1.939 Fe1-S2 2.264 2.264 

Fe1-N5 2.017 2.017 Fe1-S3 2.280 2.280 

Fe1-N6 1.918 1.918 Fe1-S4 2.270 2.270 

Fe1-N7 1.936 1.936 Fe1-N6 1.705 1.705 

Fe1-N8 1.938 1.938 N6-O5 1.179 1.179 

Fe1-N9 1.950 1.950    

∠N9-Fe1-N4 85.2 85.1 ∠Fe1-N6-O5 174.0 174.0 

∠N9-Fe1-N5 84.5 84.5 ∠S2-Fe1-N6 103.5 103.6 

∠N9-Fe1-N6 101.4 101.4 ∠S3-Fe1-N6 113.2 113.2 

∠N9-Fe1-N7 89.0 89.0 ∠S4-Fe1-N6 112.8 112.7 

∠N8-Fe1-N4 93.5 93.4    

∠N8-Fe1-N5 90.2 90.2    

∠N8-Fe1-N6 84.1 84.1    

∠N8-Fe1-N7 92.8 92.8    

∠Fe1-N8-C52 147.2 147.2    

∠Fe1-N9-C51 142.4 142.4    

∠N9-Fe1-N8 174.1 174.1    

  
 
 

                  
 
  Complex #09 Complex #57 
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Table S4: Calibration constants and statistical parameters obtained by fitting δexp = {a[ρ(0) – 

C] + b} for different basis sets of Fe. The calculations were performed using B3LYP functional, 

point nucleus model, and first order picture change effect.[a] 

Basis set for Fe a b C R2 MAD[b] 

(mm s-1) 

Max. 
Dev.[c] 

(mm s-1) 

St. Dev.[d] 

(mm s-1) 

CP(PPP) –0.30 1.1422 14398 0.951 0.056 0.201 0.074 
x2c-TZVPPall –0.22 0.9337 13652 0.813 0.112 0.347 0.144 
x2c-TZVPPall-s –0.21 0.9939 13652 0.789 0.120 0.369 0.153 
aug-cc-pVTZ-J –0.55 1.3429 7762 0.942 0.060 0.228 0.080 
DKH-def2-TZVPP –0.30 1.0041 14078 0.939 0.063 0.208 0.082 
ANO-RCC-VTZP –0.18 0.9043 15626 0.416 0.185 0.730 0.255 
s-decontracted x2c-TZVPPall –0.31 1.0685 13695 0.943 0.059 0.195 0.080 
s-decontracted aug-cc-pVTZ-J  –0.26 1.1819 16644 0.943 0.060 0.212 0.080 
s-decontracted aug-cc-pVTZ-J (-dfg) –0.26 1.2129 16644 0.951 0.057 0.214 0.074 
aug-cc-pVTZ-Jmod63 –0.28 1.0331 14943 0.943 0.060 0.212 0.080 
 

[a] a and b are the fitting coefficients obtained from the fit of δexp = {a[ρ(0) – C] + b}. C is a constant, which is 

very close to the calculated ρ(0) value. The units of a, b, and C are a.u.3 mm s−1, mm s−1, and a.u.−3, respectively. 

R2 is the coefficient of determination from the linear fit. 
[b]Mean absolute deviations of the calculated ISs with respect to the experimental ISs, where the former ones are 

obtained by using δexp = {a[ρ(0) – C] + b}. 
[c]Maximum deviation of the calculated ISs from the experimental ISs. 
[d]Standard deviation of the calculated ISs. 
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Table S5: Calibration constants and statistical parameters from the linear regression analysis 

of the computed contact densities using different DFT functionals and the experimental isomer 

shifts using.[a] The s-decontracted aug-cc-pVTZ-J(-dfg) basis set was employed across the 

board for Fe. 

Methods a b C R2 MAD[b] 

(mm s-1) 

Max. 
Dev.[c] 

(mm s-1) 

St. Dev.[d] 

(mm s-1) 

SVWN5 -0.32 0.8909 14831 0.913 0.071 0.296 0.098 
BP86 -0.32 0.9924 14960 0.922 0.067 0.270 0.093 
PBE -0.31 0.9936 14933 0.920 0.067 0.267 0.094 
BLYP -0.32 1.0945 14954 0.917 0.070 0.274 0.096 
TPSS -0.32 1.0013 14917 0.935 0.060 0.243 0.085 
PBE0 -0.28 1.1199 14920 0.965 0.050 0.149 0.063 
B1LYP -0.28 1.1340 14936 0.961 0.054 0.151 0.066 
B3LYP -0.29 1.1051 14930 0.958 0.053 0.181 0.069 
TPSSh -0.30 1.1945 14913 0.954 0.052 0.228 0.072 
TPSS0 -0.28 1.1402 14908 0.968 0.048 0.123 0.060 
M06 -0.31 0.9414 15010 0.936 0.065 0.278 0.084 
LC-BLYP -0.29 1.0826 14951 0.950 0.062 0.169 0.075 
CAM-B3LYP -0.27 1.2037 14939 0.958 0.056 0.138 0.068 
ωB97X -0.27 1.1675 15034 0.958 0.055 0.147 0.068 
B2PLYP -0.24 1.1366 14916 0.939 0.066 0.182 0.082 

 

[a] a and b are the fitting coefficients obtained from the fit of δexp = {a[ρ(0) – C] + b}. C is a constant, which is 

very close to the calculated ρ(0) value. The units of a, b, and C are a.u.3 mm s−1, mm s−1, and a.u.−3, respectively. 

R2 is the coefficient of determination from the linear fit. 
[b]Mean absolute deviations of the calculated ISs with respect to the experimental ISs, where the former ones are 

obtained by using δexp = {a[ρ(0) – C] + b}. 
[c]Maximum deviation of the calculated ISs from the experimental ISs. 
[d]Standard deviation of the calculated ISs. 
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Table S6: Calibration constants and statistical parameters from the linear regression analysis 

of the computed contact densities using different DFT functionals with varying %HF exchange 

and the experimental isomer shifts.[a] 

Functionals a b C R2 MAD[b] 

(mm s-1) 
Max. Dev.[c] 

(mm s-1) 
St. Dev.[d] 

(mm s-1) 
BLYP –0.32 1.0974 14954 0.917 0.070 0.275 0.096 
B10LYP –0.30 1.0647 14947 0.942 0.059 0.227 0.080 
B1LYP –0.28 1.1358 14936 0.961 0.054 0.150 0.066 
B30LYP –0.27 1.2415 14932 0.961 0.054 0.140 0.066 
BH&HLYP –0.24 1.1259 14918 0.942 0.064 0.175 0.080 
B70LYP –0.22 1.0230 14904 0.910 0.081 0.236 0.100 
TPSS –0.32 1.0045 14917 0.935 0.060 0.243 0.085 
TPSSh –0.30 1.1976 14913 0.954 0.052 0.227 0.072 
TPSS0 –0.28 1.1425 14908 0.967 0.049 0.122 0.060 
TPSS30 –0.27 1.2122 14906 0.966 0.050 0.131 0.062 
TPSS50 –0.24 1.2125 14899 0.945 0.064 0.185 0.078 
TPSS70 –0.22 1.2021 14892 0.912 0.080 0.263 0.099 

 

[a] a and b are the fitting coefficients obtained from the fit of δexp = {a[ρ(0) – C] + b}. C is a constant, which is 

very close to the calculated ρ(0) value. The units of a, b, and C are a.u.3 mm s−1, mm s−1, and a.u.−3, respectively. 

R2 is the coefficient of determination from the linear fit. 
[b]Mean absolute deviations of the calculated ISs with respect to the experimental ISs, where the former ones are 

obtained by using δexp = {a[ρ(0) – C] + b}. 
[c]Maximum deviation of the calculated ISs from the experimental ISs. 
[d]Standard deviation of the calculated ISs. 

 
 

 

Table S7: Calibration constants and statistical parameters from the linear regression analysis 

of the B2PLYP/s-decontracted aug-cc-pVTZ-J (Fe) level contact densities against the 

experimental isomer shifts with unrelaxed and relaxed PT2 density.[a] 

PT2 density a b C R2 MAD[b] 

(mm s-1) 
Max. Dev.[c] 

(mm s-1) 
St. Dev.[d] 

(mm s-1) 
Unrelaxed -0.24 1.1367 14916 0.939 0.066 0.183 0.083 
Relaxed -0.27 1.2174 14916 0.916 0.072 0.306 0.096 

 

[a] a and b are the fitting coefficients obtained from the fit of δexp = {a[ρ(0) – C] + b}. C is a constant, which is 

very close to the calculated ρ(0) value. The units of a, b, and C are a.u.3 mm s−1, mm s−1, and a.u.−3, respectively. 

R2 is the coefficient of determination from the linear fit. 
[b]Mean absolute deviations of the calculated ISs with respect to the experimental ISs, where the former ones are 

obtained by using δexp = {a[ρ(0) – C] + b}. 
[c]Maximum deviation of the calculated ISs from the experimental ISs. 
[d]Standard deviation of the calculated ISs. 
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Table S8: For ten different basis sets, the mean absolute deviations (MADs) and root-mean-

square deviations (RMSDs) of calculated quadrupole splittings with respect to the experimental 

values. The scalar-relativistic calculations were performed with X2C Hamiltonian, B3LYP 

functional, first order picture change effect, and point nucleus model. 

Basis set for Fe MAD (mm s-1) RMSD (mm s-1) 
CP(PPP) 0.308 0.447 
x2c-TZVPPall 0.363 0.518 
x2c-TZVPPall-s 0.316 0.455 
aug-cc-pVTZ-J  0.379 0.536 
DKH-def2-TZVPP 0.255 0.367 
ANO-RCC-TZP 0.373 0.801 
s-decontracted  x2c-TZVPPall 0.387 0.515 
s-decontracted  aug-cc-pVTZ-J  0.373 0.520 
s-decontracted  aug-cc-pVTZ-J(-dfg) 0.373 0.520 
aug-cc-pVTZ-Jmod63 0.351 0.494 

 
 
 
 
 
 
 
Table S9: Performance of DFT functionals with varying fraction of HF exchange for the 

calculation of 57Fe quadrupole splitting (ΔEQ) values. The s-decontracted aug-cc-pVTZ-J(-dfg) 

basis set was employed across the board for iron. 

Methods MAD (mm s-1) RMSD (mm s-1) 
SVWN5 0.322 0.498 
BP86 0.271 0.447 
PBE 0.280 0.457 
BLYP 0.273 0.450 
TPSS 0.268 0.436 
PBE0 0.377 0.526 
B1LYP 0.406 0.559 
B3LYP 0.349 0.489 
TPSSh 0.261 0.410 
TPSS0 0.384 0.524 
M06 0.548 0.952 
LC-BLYP 0.435 0.564 
CAM-B3LYP 0.484 0.643 
ωB97X 0.496 0.652 
B2PLYP 0.651 0.860 
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Table S10: Performance of DFT functionals with varying fraction of HF exchange for the 

calculation of 57Fe quadrupole splitting (ΔEQ) values. The s-decontracted aug-cc-pVTZ-J basis 

set was employed for Fe. 

Method MAD (mm s-1) RMSD (mm s-1) 
BLYP 0.272 0.450 
B10LYP 0.279 0.432 
B1LYP 0.404 0.557 
B30LYP 0.458 0.617 
BHandHLYP 0.640 0.846 
B69LYP 0.750 1.019 

TPSS 0.269 0.437 
TPSSh 0.261 0.410 
TPSS0 0.383 0.525 
TPSS30 0.419 0.566 
TPSS50 0.601 0.793 
TPSS69 0.714 0.959 
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Table S11: Calculated isomer shifts of nine quintet FeII and nine sextet FeIII complexes using 

the computed ρ(0) and fitting parameters for TPSS0, B2PLYP, and DSD-PBEP86 functionals. 

Signed deviations and mean absolute error is reported with respect to the experimental isomer 

shifts.  

 # Complexes 
in 

MPMIC80 

δexp  
(mm s-1) 

δcal (mm s-1) SD(mm s-1)[a] 

TPSS0 B2PLYP DSD-PBEP86 TPSS0 B2PLYP DSD-PBEP86 

Quintet 
FeII 

37 1.01 0.99 0.97 1.03 -0.02 -0.04 0.02 
38 1.08 0.96 0.95 1.02 -0.12 -0.13 -0.06 
39 1.11 1.01 1.00 1.05 -0.10 -0.11 -0.06 
40 0.67 0.66 0.62 0.67 0.00 -0.05 0.00 
41 0.66 0.67 0.62 0.66 0.01 -0.04 0.00 
42 0.97 0.92 0.90 0.95 -0.05 -0.07 -0.02 

 43 0.56 0.49 0.43 0.46 -0.07 -0.13 -0.10 
 44 1.05 0.96 0.94 0.99 -0.09 -0.11 -0.06 
 45 0.84 0.80 0.75 0.80 -0.04 -0.09 -0.04 

Sextet 
FeIII 

58 0.25 0.21 0.26 0.19 -0.04 0.01 -0.06 
59 0.18 0.29 0.35 0.30 0.11 0.17 0.12 
60 0.39 0.36 0.36 0.33 -0.03 -0.03 -0.06 
61 0.40 0.42 0.41 0.38 0.02 0.01 -0.02 
62 0.53 0.61 0.59 0.55 0.08 0.06 0.02 
63 0.53 0.61 0.59 0.56 0.08 0.06 0.03 
64 0.39 0.47 0.47 0.43 0.08 0.08 0.04 
65 0.28 0.38 0.37 0.34 0.10 0.09 0.06 
66 0.33 0.31 0.33 0.27 -0.02 0.00 -0.06 

 MAD (mm s-1) 0.058 0.071 0.048    
[a]SD = Signed Deviation= [δcal – δexp]/mm s-1 
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Figure S1: Effect of HF exchange on “a”, obtained from linear regression analysis. The red 

solid line represents the experimental “a”, and the dashed line are the upper and lower limit of 

“a” reported in Ref.64 Color code: violet for the BLYP- and teal for the TPSS-based functionals. 
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Figure S2: Linear fit of the DSD-PBEP86/s-decontracted aug-cc-pVTZ-J (Fe) + x2c-

TZVPPall level contact densities against the experimental isomer shifts with relaxed PT2 

density. 
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Figure S3: Linear fit of the calculated PBE0/s-decontracted aug-cc-pVTZ-J+x2c-TZVPPall 

level contact densities against the (a) low-T isomer shifts of MPMIC80; (b) 80 low-T and 21 

high-T isomer shifts; (c) 80 low-T isomer shifts and 21 isomer shifts with Noodleman’s high-

T SODS correction (0.12 mm s-1)65-68 and (d) 80 low-T isomer shifts and 21 isomer shifts with 

refitted high-T SODS correction (0.16 mm s-1). 
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Figure S4: Linear fit of the calculated B3LYP/CP(PPP)+x2c-TZVPPall level contact densities 

against the (a) low-T isomer shifts of MPMIC80; (b) 80 low-T and 21 high-T isomer shifts; (c) 

80 low-T isomer shifts and 21 isomer shifts with Noodleman’s high-T SODS correction (0.12 

mm s-1)65-68 and (d) 80 low-T isomer shifts and 21 isomer shifts with refitted high-T SODS 

correction (0.16 mm s-1). 
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Figure S5: Structures of (a) iron(III) phthalocyanine chloride and (b) octaethylporphyrinato-
iron(II).  

(a) 

(b) 
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ORCA Sample Inputs  
 
 
A. Optimization 

 
 

! TPSSh D3BJ RIJCOSX x2c/J x2c x2c-TZVPall DEFGRID2 TightSCF Opt 
! PrintBasis PrintMOs 
 
%rel 
PictureChange 1 
end 
 
* xyzfile [Charge] [Multiplicity] [XYZFileName.xyz] 
 
 
 
B. Mössbauer property calculation 
 
TPSS0/s-decontracted aug-cc-pVTZ-J + x2c-TZVPPall 
 
! UKS TPSS0 RIJCOSX x2c/J x2c x2c-TZVPPall PrintBasis DEFGRID3 
! TightSCF NoPOP PrintMOs 
 
%rel 
PictureChange 1 
FiniteNuc true 
end 
 
%basis 
 NewGTO Fe 
 S 1 
   1  8584004113.0000000000      1.0000000000 
 S 1 
   1  1285418254.0000000000      1.0000000000 
 S 1 
   1  192485938.5000000000      1.0000000000 
 S 1 
   1  28823953.9100000001      1.0000000000 
 S 1 
   1  4316265.0000000000      1.0000000000 
 S 1 
   1  646342.4000000000      1.0000000000 
 S 1 
   1  147089.7000000000      1.0000000000 
 S 1 
   1   41661.5200000000      1.0000000000 
 S 1 
   1   13590.7700000000      1.0000000000 
 S 1 
   1    4905.7500000000      1.0000000000 
 S 1 
   1    1912.7460000000      1.0000000000 
 S 1 
   1     792.6043000000      1.0000000000 
 S 1 
   1     344.8065000000      1.0000000000 
 S 1 
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   1     155.8999000000      1.0000000000 
 S 1 
   1      72.2309100000      1.0000000000 
 S 1 
   1      32.7250600000      1.0000000000 
 S 1 
   1      15.6676200000      1.0000000000 
 S 1 
   1       7.5034830000      1.0000000000 
 S 1 
   1       3.3122230000      1.0000000000 
 S 1 
   1       1.5584710000      1.0000000000 
 S 1 
   1       0.6839140000      1.0000000000 
 S 1 
   1       0.1467570000      1.0000000000 
 S 1 
   1       0.0705830000      1.0000000000 
 S 1 
   1       0.0314490000      1.0000000000 
 S 1 
   1       0.0140100000      1.0000000000 
 P 10 
   1   74965.5865200000     -0.0000030652 
   2   17745.6900000000     -0.0000426385 
   3    4200.7210000000     -0.0004353595 
   4    1364.4290000000     -0.0023546474 
   5     522.0806000000     -0.0109370575 
   6     221.4595000000     -0.0379266480 
   7     100.9096000000     -0.1071129611 
   8      48.4011500000     -0.2385782781 
   9      23.9853600000     -0.3765275830 
  10      12.1825000000     -0.3753260135 
 P 10 
   1   74965.5865200000     -0.0000026059 
   2   17745.6900000000     -0.0000381329 
   3    4200.7210000000     -0.0003782391 
   4    1364.4290000000     -0.0021042401 
   5     522.0806000000     -0.0096040490 
   6     221.4595000000     -0.0344433334 
   7     100.9096000000     -0.0978912053 
   8      48.4011500000     -0.2337788211 
   9      23.9853600000     -0.3706145174 
  10      12.1825000000     -0.3955462688 
 P 1 
   1       6.2422980000      1.0000000000 
 P 1 
   1       3.1109440000      1.0000000000 
 P 1 
   1       1.5099580000      1.0000000000 
 P 1 
   1       0.7108450000      1.0000000000 
 P 1 
   1       0.2731900000      1.0000000000 
 P 1 
   1       0.1042330000      1.0000000000 
 P 1 
   1       0.0382910000      1.0000000000 
 P 1 
   1       0.0140700000      1.0000000000 
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 D 4 
   1     381.8765668000     -0.0017960559 
   2     113.3440000000     -0.0275628524 
   3      33.6414000000     -0.2268797508 
   4      12.3310000000     -0.8288676519 
 D 1 
   1       4.9947800000      1.0000000000 
 D 1 
   1       2.0728000000      1.0000000000 
 D 1 
   1       0.8307530000      1.0000000000 
 D 1 
   1       0.3091780000      1.0000000000 
 D 1 
   1       0.1001300000      1.0000000000 
 D 1 
   1       0.0324300000      1.0000000000 
 F 1 
   1       3.2758000000      1.0000000000 
 F 1 
   1       0.7920000000      1.0000000000 
 F 1 
   1       0.2749000000      1.0000000000 
 G 1 
   1       2.0897000000      1.0000000000 
 G 1 
   1       0.7871600000      1.0000000000 
  end 
end 
  
* xyzfile [Charge] [Multiplicity] [XYZFileName.xyz] 
 
%eprnmr 
nuclei = all Fe { fgrad, rho} 
end 
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Modified basis sets for iron 
 
A. s-decontracted aug-cc-pVTZ-J 
 
NewGTO Fe 
 S 1 
   1  8584004113.0000000000      1.0000000000 
 S 1 
   1  1285418254.0000000000      1.0000000000 
 S 1 
   1  192485938.5000000000      1.0000000000 
 S 1 
   1  28823953.9100000001      1.0000000000 
 S 1 
   1  4316265.0000000000      1.0000000000 
 S 1 
   1  646342.4000000000      1.0000000000 
 S 1 
   1  147089.7000000000      1.0000000000 
 S 1 
   1   41661.5200000000      1.0000000000 
 S 1 
   1   13590.7700000000      1.0000000000 
 S 1 
   1    4905.7500000000      1.0000000000 
 S 1 
   1    1912.7460000000      1.0000000000 
 S 1 
   1     792.6043000000      1.0000000000 
 S 1 
   1     344.8065000000      1.0000000000 
 S 1 
   1     155.8999000000      1.0000000000 
 S 1 
   1      72.2309100000      1.0000000000 
 S 1 
   1      32.7250600000      1.0000000000 
 S 1 
   1      15.6676200000      1.0000000000 
 S 1 
   1       7.5034830000      1.0000000000 
 S 1 
   1       3.3122230000      1.0000000000 
 S 1 
   1       1.5584710000      1.0000000000 
 S 1 
   1       0.6839140000      1.0000000000 
 S 1 
   1       0.1467570000      1.0000000000 
 S 1 
   1       0.0705830000      1.0000000000 
 S 1 
   1       0.0314490000      1.0000000000 
 S 1 
   1       0.0140100000      1.0000000000 
 P 10 
   1   74965.5865200000     -0.0000030652 
   2   17745.6900000000     -0.0000426385 
   3    4200.7210000000     -0.0004353595 
   4    1364.4290000000     -0.0023546474 
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   5     522.0806000000     -0.0109370575 
   6     221.4595000000     -0.0379266480 
   7     100.9096000000     -0.1071129611 
   8      48.4011500000     -0.2385782781 
   9      23.9853600000     -0.3765275830 
  10      12.1825000000     -0.3753260135 
 P 10 
   1   74965.5865200000     -0.0000026059 
   2   17745.6900000000     -0.0000381329 
   3    4200.7210000000     -0.0003782391 
   4    1364.4290000000     -0.0021042401 
   5     522.0806000000     -0.0096040490 
   6     221.4595000000     -0.0344433334 
   7     100.9096000000     -0.0978912053 
   8      48.4011500000     -0.2337788211 
   9      23.9853600000     -0.3706145174 
  10      12.1825000000     -0.3955462688 
 P 1 
   1       6.2422980000      1.0000000000 
 P 1 
   1       3.1109440000      1.0000000000 
 P 1 
   1       1.5099580000      1.0000000000 
 P 1 
   1       0.7108450000      1.0000000000 
 P 1 
   1       0.2731900000      1.0000000000 
 P 1 
   1       0.1042330000      1.0000000000 
 P 1 
   1       0.0382910000      1.0000000000 
 P 1 
   1       0.0140700000      1.0000000000 
 D 4 
   1     381.8765668000     -0.0017960559 
   2     113.3440000000     -0.0275628524 
   3      33.6414000000     -0.2268797508 
   4      12.3310000000     -0.8288676519 
 D 1 
   1       4.9947800000      1.0000000000 
 D 1 
   1       2.0728000000      1.0000000000 
 D 1 
   1       0.8307530000      1.0000000000 
 D 1 
   1       0.3091780000      1.0000000000 
 D 1 
   1       0.1001300000      1.0000000000 
 D 1 
   1       0.0324300000      1.0000000000 
 F 1 
   1       3.2758000000      1.0000000000 
 F 1 
   1       0.7920000000      1.0000000000 
 F 1 
   1       0.2749000000      1.0000000000 
 G 1 
   1       2.0897000000      1.0000000000 
 G 1 
   1       0.7871600000      1.0000000000 
  end 
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B. s-decontracted DKH-def2-TZVPP 

 
NewGTO Fe 
 S 1 
   1  300784.8463700000      1.0000000000 
 S 1 
   1   45088.9705570000      1.0000000000 
 S 1 
   1   10262.5163170000      1.0000000000 
 S 1 
   1    2905.2897293000      1.0000000000 
 S 1 
   1     946.1148713700      1.0000000000 
 S 1 
   1     339.8783289400      1.0000000000 
 S 1 
   1     131.9442558800      1.0000000000 
 S 1 
   1      52.1114940800      1.0000000000 
 S 1 
   1     329.4883926700      1.0000000000 
 S 1 
   1     101.9233273900      1.0000000000 
 S 1 
   1      16.2404627400      1.0000000000 
 S 1 
   1       6.8840675800      1.0000000000 
 S 1 
   1      10.4706937800      1.0000000000 
 S 1 
   1       1.7360039600      1.0000000000 
 S 1 
   1       0.7257728900      1.0000000000 
 S 1 
   1       0.1159552800      1.0000000000 
 S 1 
   1       0.0419682300      1.0000000000 
 P 6 
   1    1585.3959970000      0.0034932434 
   2     375.3800649900      0.0239178708 
   3     120.3181650100      0.1064723133 
   4      44.7887490300      0.3000149937 
   5      17.8292785800      0.4790319948 
   6       7.2247153800      0.2711928303 
 P 1 
   1      28.1432197600      1.0000000000 
 P 1 
   1       3.8743241400      1.0000000000 
 P 1 
   1       1.5410752300      1.0000000000 
 P 1 
   1       0.5828561500      1.0000000000 
 D 4 
   1      61.9966750300      0.0197602677 
   2      17.8737325500      0.1191944039 
   3       6.2744782900      0.3757301498 
   4       2.3552337200      0.6504527363 
 D 1 
   1       0.8543224000      1.0000000000 
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 D 1 
   1       0.2786925400      1.0000000000 
 P 1 
   1       0.2204000000      1.0000000000 
 P 1 
   1       0.0833800000      1.0000000000 
 D 1 
   1       0.0910000000      1.0000000000 
 F 1 
   1       3.4650000000      1.0000000000 
 F 1 
   1       0.8430000000      1.0000000000 
 G 1 
   1       2.1280000000      1.0000000000 
  end 

 
C. s-decontracted x2c-TZVPPall 

 
NewGTO Fe 
 S 1 
   1  568671.5851900000      1.0000000000 
 S 1 
   1   71381.6928490000      1.0000000000 
 S 1 
   1   14484.2693160000      1.0000000000 
 S 1 
   1    3781.8649758000      1.0000000000 
 S 1 
   1    1159.5814022000      1.0000000000 
 S 1 
   1     398.0167732600      1.0000000000 
 S 1 
   1     147.9728740800      1.0000000000 
 S 1 
   1      56.1872993440      1.0000000000 
 S 1 
   1     348.2904042700     1.0000000000 
 S 1 
   1     105.8462345400     1.0000000000 
 S 1 
   1      16.8387194490      1.0000000000 
 S 1 
   1       7.1130781143      1.0000000000 
 S 1 
   1      10.7323618120     1.0000000000 
 S 1 
   1       1.7765872891      1.0000000000 
 S 1 
   1       0.7462990075      1.0000000000 
 S 1 
   1       0.1195431489      1.0000000000 
 S 1 
   1       0.0431448968      1.0000000000 
 P 6 
   1    1913.6765901000      0.0027108020 
   2     421.5599419000      0.0206883282 
   3     130.4737972700      0.0979285981 
   4      47.5111355840      0.2895413458 
   5      18.5993994750      0.4814264752 
   6       7.4496187612      0.2916698170 
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 P 3 
   1      28.6053607740     -0.0197461280 
   2       3.9427871862      0.3813687711 
   3       1.5699529988      0.6794911301 
 P 1 
   1       0.5929839866      1.0000000000 
 D 4 
   1      64.1204517710      0.0187699309 
   2      18.3894986480      0.1158182891 
   3       6.4193601128      0.3727830763 
   4       2.3965919355      0.6564490493 
 D 1 
   1       0.8637471259      1.0000000000 
 D 1 
   1       0.2795554046      1.0000000000 
 P 1 
   1       0.2204000000      1.0000000000 
 P 1 
   1       0.0833800000      1.0000000000 
 D 1 
   1       0.0910000000      1.0000000000 
 F 1 
   1       3.4650000000      1.0000000000 
 F 1 
   1       0.8430000000      1.0000000000 
 G 1 
   1       2.1280000000      1.0000000000 
  end 

 
D. s-decontracted aug-cc-pVTZ-J(-dfg) 
 
NewGTO Fe 
 S 1 
   1  8584004113.0000000000      1.0000000000 
 S 1 
   1  1285418254.0000000000      1.0000000000 
 S 1 
   1  192485938.5000000000      1.0000000000 
 S 1 
   1  28823953.9100000001      1.0000000000 
 S 1 
   1  4316265.0000000000      1.0000000000 
 S 1 
   1  646342.4000000000      1.0000000000 
 S 1 
   1  147089.7000000000      1.0000000000 
 S 1 
   1   41661.5200000000      1.0000000000 
 S 1 
   1   13590.7700000000      1.0000000000 
 S 1 
   1    4905.7500000000      1.0000000000 
 S 1 
   1    1912.7460000000      1.0000000000 
 S 1 
   1     792.6043000000      1.0000000000 
 S 1 
   1     344.8065000000      1.0000000000 
 S 1 
   1     155.8999000000      1.0000000000 
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 S 1 
   1      72.2309100000      1.0000000000 
 S 1 
   1      32.7250600000      1.0000000000 
 S 1 
   1      15.6676200000      1.0000000000 
 S 1 
   1       7.5034830000      1.0000000000 
 S 1 
   1       3.3122230000      1.0000000000 
 S 1 
   1       1.5584710000      1.0000000000 
 S 1 
   1       0.6839140000      1.0000000000 
 S 1 
   1       0.1467570000      1.0000000000 
 S 1 
   1       0.0705830000      1.0000000000 
 S 1 
   1       0.0314490000      1.0000000000 
 S 1 
   1       0.0140100000      1.0000000000 
 P 10 
   1   74965.5865200000     -0.0000030652 
   2   17745.6900000000     -0.0000426385 
   3    4200.7210000000     -0.0004353595 
   4    1364.4290000000     -0.0023546474 
   5     522.0806000000     -0.0109370575 
   6     221.4595000000     -0.0379266480 
   7     100.9096000000     -0.1071129611 
   8      48.4011500000     -0.2385782781 
   9      23.9853600000     -0.3765275830 
  10      12.1825000000     -0.3753260135 
 P 10 
   1   74965.5865200000     -0.0000026059 
   2   17745.6900000000     -0.0000381329 
   3    4200.7210000000     -0.0003782391 
   4    1364.4290000000     -0.0021042401 
   5     522.0806000000     -0.0096040490 
   6     221.4595000000     -0.0344433334 
   7     100.9096000000     -0.0978912053 
   8      48.4011500000     -0.2337788211 
   9      23.9853600000     -0.3706145174 
  10      12.1825000000     -0.3955462688 
 P 1 
   1       6.2422980000      1.0000000000 
 P 1 
   1       3.1109440000      1.0000000000 
 P 1 
   1       1.5099580000      1.0000000000 
 P 1 
   1       0.7108450000      1.0000000000 
 P 1 
   1       0.2731900000      1.0000000000 
 P 1 
   1       0.1042330000      1.0000000000 
 P 1 
   1       0.0382910000      1.0000000000 
 P 1 
   1       0.0140700000      1.0000000000 
 D 4 
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   1     381.8765668000     -0.0017960559 
   2     113.3440000000     -0.0275628524 
   3      33.6414000000     -0.2268797508 
   4      12.3310000000     -0.8288676519 
 D 1 
   1       4.9947800000      1.0000000000 
 D 1 
   1       2.0728000000      1.0000000000 
 D 1 
   1       0.8307530000      1.0000000000 
 D 1 
   1       0.3091780000      1.0000000000 
 D 1 
   1       0.1001300000      1.0000000000 
 F 1 
   1       3.2758000000      1.0000000000 
 F 1 
   1       0.7920000000      1.0000000000 
 G 1 
   1       2.0897000000      1.0000000000 
  end 
 
 
E. aug-cc-pVTZ-Jmod 

 
Proposed by Pantazis and co-workers for calculations of core properties.63  

 
NewGTO Fe 
 S 1 
   1  28823953.9100000001      1.0000000000 
 S 1 
   1  4316265.0000000000      1.0000000000 
 S 1 
   1  646342.4000000000      1.0000000000 
 S 1 
   1  147089.7000000000      1.0000000000 
 S 1 
   1   41661.5200000000      1.0000000000 
 S 1 
   1   13590.7700000000      1.0000000000 
 S 1 
   1    4905.7500000000      1.0000000000 
 S 1 
   1    1912.7460000000      1.0000000000 
 S 1 
   1     792.6043000000      1.0000000000 
 S 1 
   1     344.8065000000      1.0000000000 
 S 1 
   1     155.8999000000      1.0000000000 
 S 1 
   1      72.2309100000      1.0000000000 
 S 1 
   1      32.7250600000      1.0000000000 
 S 1 
   1      15.6676200000      1.0000000000 
 S 1 
   1       7.5034830000      1.0000000000 
 S 1 
   1       3.3122230000      1.0000000000 
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 S 1 
   1       1.5584710000      1.0000000000 
 S 1 
   1       0.6839140000      1.0000000000 
 S 1 
   1       0.1467570000      1.0000000000 
 S 1 
   1       0.0705830000      1.0000000000 
 S 1 
   1       0.0314490000      1.0000000000 
 S 1 
   1       0.0140100000      1.0000000000 
 P 10 
   1   74965.5865200000     -0.0000030652 
   2   17745.6900000000     -0.0000426385 
   3    4200.7210000000     -0.0004353595 
   4    1364.4290000000     -0.0023546474 
   5     522.0806000000     -0.0109370575 
   6     221.4595000000     -0.0379266480 
   7     100.9096000000     -0.1071129611 
   8      48.4011500000     -0.2385782781 
   9      23.9853600000     -0.3765275830 
  10      12.1825000000     -0.3753260135 
 P 10 
   1   74965.5865200000     -0.0000026059 
   2   17745.6900000000     -0.0000381329 
   3    4200.7210000000     -0.0003782391 
   4    1364.4290000000     -0.0021042401 
   5     522.0806000000     -0.0096040490 
   6     221.4595000000     -0.0344433334 
   7     100.9096000000     -0.0978912053 
   8      48.4011500000     -0.2337788211 
   9      23.9853600000     -0.3706145174 
  10      12.1825000000     -0.3955462688 
 P 1 
   1       6.2422980000      1.0000000000 
 P 1 
   1       3.1109440000      1.0000000000 
 P 1 
   1       1.5099580000      1.0000000000 
 P 1 
   1       0.7108450000      1.0000000000 
 P 1 
   1       0.2731900000      1.0000000000 
 P 1 
   1       0.1042330000      1.0000000000 
 P 1 
   1       0.0382910000      1.0000000000 
 P 1 
   1       0.0140700000      1.0000000000 
 D 4 
   1     381.8765668000     -0.0017960559 
   2     113.3440000000     -0.0275628524 
   3      33.6414000000     -0.2268797508 
   4      12.3310000000     -0.8288676519 
 D 1 
   1       4.9947800000      1.0000000000 
 D 1 
   1       2.0728000000      1.0000000000 
 D 1 
   1       0.8307530000      1.0000000000 
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 D 1 
   1       0.3091780000      1.0000000000 
 D 1 
   1       0.1001300000      1.0000000000 
 D 1 
   1       0.0324300000      1.0000000000 
 F 1 
   1       3.2758000000      1.0000000000 
 F 1 
   1       0.7920000000      1.0000000000 
 F 1 
   1       0.2749000000      1.0000000000 
 G 1 
   1       2.0897000000      1.0000000000 
 G 1 
   1       0.7871600000      1.0000000000 
  end 
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