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Figure S1. Left: Representative UV-vis spectra of 1-L adducts in THF (concentration shown 0.75 mM). 
Reported extinction coefficients were determined using a Beer’s law plot. Right: X-band EPR spectra of 1 
(6 K, 35 dB), 1-py2 (6 K, 35 dB), 1-2,2-bipy (15 K, 35 dB), and 1-4,4-Me2bipy (15 K, 35 dB) complexes in 
toluene.

X-ray Crystallography

Low-temperature (223 K) X-ray diffraction data for 1-4,4-Me2bipy, 1-6,6-Me2bipy, 1-4,7-Ph2phen, 1-2,9-
Me2phen and 1-py2 were collected on a Bruker X8 Kappa diffractometer coupled to an ApexII CCD detector 
with graphite-monochromated Mo K radiation ( = 0.71073 Å) at Cornell University. The structures were 
solved through intrinsic phasing using SHELXT1 and refined against F2 on all data by full-matrix least 
squares with SHELXL2 following established refinement strategies.3 All non-hydrogen atoms were refined 
anisotropically. Hydrogen atoms bound to carbon were included in the models at geometrically calculated 
positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms 
were fixed to 1.2 times the U value of the atoms they are linked to (1.5 times for methyl groups). For both 1-
2,9-Me2phen and 1-6,6-Me2bipy, two disordered solvent molecules of THF were included in the unit cell 
but could not be satisfactorily modeled. Therefore, that solvent was treated as a diffuse contribution to the 
overall scattering without using specific atom positions by the SQUEEZE function in PLATON4.

X-ray crystallographic data for complexes 1-bipy, 1-phen and 1-terpy were collected at The University at 
Buffalo using a Bruker SMART APEX2 CCD diffractometer installed at a rotating anode source (MoK  

radiation, =0.71073 Å). The crystals were kept at 90(2) K during data collection using an Oxford 
Cryosystems nitrogen gas-flow apparatus. The structure was solved using Olex25 with the ShelXS1 structure 
solution program using Direct Methods and refined with the ShelXL2 refinement package using Least 
Square minimization. All non-hydrogen atoms were refined anisotropically. For all the three complexes the 
hydrogen atoms were calculated and fixed using SHELXL-97 after hybridization of all non-hydrogen atoms. 
The crystal lattice of 1-bipy and 1-terpy contain trapped and disordered THF molecules. These electron 
densities moved during refinement and could not be modeled properly and hence the lattice solvent 
molecules prohibited the convergence of the structures. Therefore, the Squeeze technique in Olex2 was used 
to subtract their contribution from the diffraction pattern. 

Crystallographic details and selected bond distances and angles of all the complexes were summarized in 
Tables S2-S3.
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Figure S2. Thermal ellipsoid (50% probability) plot for complex 1-bipy. Hydrogen atoms are omitted for 
clarity

Figure S3. Thermal ellipsoid (50% probability) plot for complex 1-4,4-Me2bipy. Hydrogen atoms are 
omitted for clarity

Figure S4. Thermal ellipsoid (50% probability) plot for complex 1-6,6-Me2bipy. Hydrogen atoms and 
THF molecule are omitted for clarity
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Figure S5. Thermal ellipsoid (50% probability) plot for complex 1-phen. Hydrogen atoms are omitted for 
clarity.

Figure S6. Thermal ellipsoid (50% probability) plot for complex 1-2,9-Me2phen. Hydrogen atoms are 
omitted for clarity.
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Figure S7. Thermal ellipsoid (50% probability) plot for complex 1-py2. Hydrogen atoms are omitted for 
clarity.

Figure S8. Thermal ellipsoid (50% probability) plot for complex 1-terpy. Hydrogen atoms and THF 
solvent molecules are omitted for clarity.

Figure S9. Thermal ellipsoid (50% probability) plot for complex 1-4,7-Ph2phen. Hydrogen atoms are 
omitted for clarity.
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Table S1. Crystallographic parameters for 1-bipy, 1-4,4-Me2bipy, 1-6,6- Me2bipy, and 1-phen.

3(1-bipy) 1-4,4-Me2bipy (1-6,6- Me2bipy)•THF 1-phen
Moiety formula 3(C20H18MnN2) C22H22MnN2 C48H52Mn2N4O1 C22H18N2Mn
Mw 1023.91 369.35 810.81 365.34
crystal system Monoclinic Monoclinic Orthorhombic Orthorhombic
space group C2/c P21/c P21212 Pca21

a (Å) 18.5006(8) 11.7577(14) 14.7987(8) 11.0154(6)
b (Å) 20.7775(10) 11.0932(14) 16.8841(9) 26.5037(15)
c (Å) 30.9290(13) 15.441(2) 8.5878(6) 11.5756(7)
 (°) 90 90 90 90
 (°) 102.7317(14) 109.970(5) 90 90
  (°) 90 90 90 90
V (Å3) 11596.7(9) 1892.9(4) 2145.8(2) 3379.5(3)
Z 8 4 2 8
Dc (mg m-3) 1.173 1.296 1.255 1.436
 (mm-1) 0.683 0.703 0.628 0.787
F (000) 5208 772 852 1512
R (int) 0.0552 0.0252 0.0204 0.0772
total reflections 98425 17051 13495 45577
unique reflections 16841 3716 5537 6871
R1, wR2
(I≥2(I))

R1 = 0.0377, 
wR2 = 0.0848

R1 = 0.0344, 
wR2 = 0.0901

R1 = 0.0349, 
wR2 = 0.0894

R1 = 0.0450, 
wR2 = 0.0984 

R1, wR2 (all data) R1 = 0.0581, 
wR2 = 0.0922 

R1 = 0.0426,
 wR2 = 0.0968 

R1 = 0.0429, 
wR2 = 0.0935 

R1 = 0.060, wR2 = 0.1045

temp (K) 90(2) 223(2) 223(2) 90(2)
goodness-of-fit 1.024 1.053 1.112 1.074
max. and min. trans. 0.942 and 0.877 0.7461 and 0.6747 0.7461 and 0.6619 0.896 and 0.854

Table S1 cont. Crystallographic parameters for 1-4,7-Ph2phen, 1-2,9-Me2phen, 1-py2, and 1-terpy.

1-4,7-Ph2phen 1 -2,9-Me2phen 1-(py)2 3(1-terpy)•3THF
Moiety formula C34H26MnN2 C24H22MnN2 C20H20MnN2 3[C29H29MnN3O]
Mw 517.51 393.37 343.32 1471.48
crystal system Tetragonal Monoclinic Orthorhombic Triclinic
space group P-421c P21/c Aba2 P-1
a (Å) 12.1372(7) 18.0321(7 7.8832(7) 14.905(2)
b (Å) 12.1372(7) 23.6980(9) 17.6630(19) 16.420(3)
c (Å) 21.6505(14) 13.6298(5) 12.5197(12) 16.608(3)
 (°) 90 90 90 93.364(4)
 (°) 90 100.457(2)° 90 91.606(4)
  (°) 90 90 90 115.268(3)
V (Å3) 3189.4(4) 5727.6(4) 1743.3(3) 3656.7(10)
Z 4 8 4 2
Dc (mg m-3) 1.078 0.912 1.308 1.336
 (mm-1) 0.435 0.468 0.758 0.568
F (000) 1076 1640 716 1542
R (int) 0.0316 0.0394 0.0319 0.0436
total reflections 83057 51305 5214 50450
unique reflections 4117 10129 2092 23321
R1, wR2
(I≥2(I)

R1 = 0.0370, 
wR2 = 0.1084 

R1 = 0.0352, 
wR2 = 0.0903 

R1 = 0.0378, 
wR2 = 0.0869 [a]

R1 = 0.050, 
wR2 = 0.1148

R1, wR2 (all data) R1 = 0.0409, 
wR2 = 0.1129

R1 = 0.0522, 
wR2 = 0.0969 

R1 = 0.0511, wR2 = 
0.0925 

R1 = 0.0823, wR2 = 
0.1318 

temp (K) 223(2) 223(2) 223(2) 90(2)
goodness-of-fit 1.063 1.078 1.029 1.017
max. and min. trans. 0.7461 and 0.6979 0.7461 and 0.6884 0.7461 and 0.6610 0.945 and 0.873
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Table S2. R2 values for different crystallographically determined geometric quantities vs. adduct steric bulk.
Metric (x)a ΘT %Vbur

l 0.86 0.88
N 0.86 0.79
S 0.66 0.69
τ 0.62 0.65
l * N 0.93 0.92
l * S 0.68 0.72
N * S 0.69 0.72
l * N 0.93 0.92
l * N * cos τ 0.86 0.79
l * N * sin τ 0.70 0.72
l /N 0.57 0.63

a. x from equation 2 in manuscript. 
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Figure S10. Left: Individual D values obtained from using x = N*l in equation 2 of the manuscript 
plotted against steric bulk of the ligand (blue squares = cone angles; black dots = %Vbur). Since the D 
values are not averaged across all the molecules in the unit cell, the steric parameters are not averaged as 
well and represent the values for the molecule for which the D value corresponds. Right: Davg values 
calculated with some of the metrics in Table S2 vs. average %Vbur.
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1-bipy (Mn1) 1-bipy (Mn2) 1-bipy (Mn3)

1-4,4'-Me2bipy 1-6,6'-Me2bipy 1-1,10-Phen (Mn1)

1-1,10-Phen (Mn2) 1-2,9-Me2phen (Mn1) 1-2,9-Me2phen (Mn2)

1-4,7-Ph2phen 1-py2 (both pyridine ligands) 1-py2 (only one pyridine ligand) 
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1-terpy (Mn1) 1-terpy (Mn2) 1-terpy (Mn3)

1-THF6 1-PMe3
7 1-PPh2Me7

1-DMPE7 1-TMEDA8 1-(TMG)2
9

1-(TMG)2 (only one TMG 
ligand)9

1- BzEDA10
1-( NHCArMe2Br) 11 
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1-IMes11 1-(NHCMe4)2
Error! Bookmark not 

defined. (both ligands)
1-(NHCMe4)2 (only one ligand) 

1-IiPrMe2
12 1- ItBu12 1-IMes12

Figure S11. Steric maps determined for the 1-L adducts based on XRD coordinates.
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1-bipy (DFT) 1-4,4'-Me2bipy (DFT) 1-6,6'-Me2bipy (DFT)

1-6,6'-Ph2bipy (DFT) 1-1,10-phen (DFT) 1-2,9-Me2phen (DFT)

1-4,7-Ph2phen (DFT) 1-py2 (DFT) 1-terpy  (DFT)

Figure S12. Steric maps determined for the 1-L adducts based on DFT coordinates.
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Figure S13. DFT optimized structure of 1-6,6-Ph2bipy. Hydrogen atoms not displayed.

Density Functional Theory. All input files were generated using IQmol version 2.7.1 and calculations 
using Qchem version 4.4.13 All reported geometry optimizations and frequency calculations were 
performed using a basis set of 6-31G* and the B3LYP functional and submitted to the Center for 
Computational Research (CCR) at the University at Buffalo. The initial input files for 1-L adducts were 
generated using input from the solved XRD structures. In the case of multiple molecules per unit the Mn2 
labeled molecule was chosen for the starting coordinates.
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