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1. Reduction Potential Calculations:

Reduction potentials are calculated using the following equation:

E'= G =G .- Eor (D

0
where Eref is the absolute redox potential of the reference electrode (4.988 V for Fc*/Fc in

G G .
acetonitrile)! and both X " and X" are in eV. In the main article, we report vertical reduction
. .. . . . . +
potentials where X" is calculated using a single-point energy calculation at the geometry of X .

Reduction potentials can also be calculated adiabatically where X~ is calculated at the relaxed
structure. Figure S1 shows the discrepancy between the two methods, which corresponds to the
reorganization energy associated with the electron transfer.
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Figure S1: Adiabatic vs. vertical reduction potentials for diazaphospholenes
in acetonitrile. The dashed line indicates perfect agreement between
adiabatic and vertical reduction potentials where the reorganization energy
associated with the reduction step is zero.



2. Solvation Model:

In this work, we report thermodynamic and electrochemical properties based on computed free
energies in acetonitrile using the SMD solvation model.? This choice is based on examining several
solvation models and benchmarking them against available experimental data.®> We observe a
significant deviation in hydricities, pK, values and reduction potentials due to changing the
solvation model. Figure S2 compares SMD and CPCM models and demonstrates a deviation of
up to 10 kcal/mol in hydricity, 7 in pK, and 0.4 V in reduction potential. These deviations are
significant and far beyond the DFT error limit. Although the CPCM model is commonly used in
calculating solvation effects, the more advanced SMD model performed better in our comparison
study as it has a more accurate cavity parametrization that can significantly shift solvation energies,

especially for charged species.*
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Figure S2: Comparison of CPCM vs. SMD solvation models for calculating: a) hydricities [kcal/mol], b)
0

pKa values, ¢) 1t reduction potentials

0

Ey [V] (vs. F¢*/Fc), and d) 2"d reduction potentials

Ez [V] (vs. Fct/Fe)

of PBHs in acetonitrile. The dashed lines corresponds to perfect agreement between the two models.50



3. Level of Theory:

In this study, the M06 exchange correlation functional is implemented in combination with the 6-
31+G(d,p) basis set. This level of theory is found to accurately describe organic molecular
hydrides. Table S1 compares the properties calculated with the M06 functional to the B3LYP and
range-separated functionals, CAM-B3LYP and wB97XD and shows the effect of basis set choice
in describing the thermodynamics of PBHs. We note that deviations from M06/6-31+G(d,p) are
almost within DFT error. While adding diffuse functions to hydrogen atoms did not change the
results, expanding to triple-zeta basis sets led to a slight overestimation of hydricities, BDFEs and
reduction potentials. These benchmarking results show that the M06/6-31+G(d,p) level of theory
provides an accurate description of PBHs with a reasonable computation cost. Furthermore, the
MO06/6-31+G(d,p) computed properties agree closely with the experimental data available for
molecule 8.

Table S1: Benchmarking of theory level in calculating hydricities [kcal/mol], BDFEs
[keal/mol], pK, values and reduction potentials [V] of PBHs in acetonitrile. Comparison is

based on molecules 1, 2, 7 and 8. Results show that most deviations are within DFT error.

Molecule Functional Basis Set AGy- | BDFE | pK, EY,
MO06 6-31+G(d,p) 36.4 61.8 17.2 | -2.23

B3LYP 6-31+G(d,p) 35.6 59.6 17.8 | -2.17
CAM-B3LYP | 6-31+G(dp) | 36.1 | 59.1 [ 164 [ -2.13

1 wB97XD 6-31+G(d,p) 37.9 62.1 18.3 | -2.18
MO06 6-31++G(d,p) 36.5 61.8 17.2 | -2.23

MO06 6-311+G(d,p) 38.6 62.9 16.9 | -2.18

MO06 6-311++G(d,p) 38.7 62.9 16.9 | -2.18

MO06 6-31+G(d,p) 34.1 62.3 174 | -2.35

B3LYP 6-31+G(d,p) 31.5 59.5 18.8 | -2.34
CAM-B3LYP 6-31+G(d,p) 32.3 59.3 174 | -2.30

2 wB97XD 6-31+G(d,p) 34.5 62.3 19.3 | -2.33
MO06 6-31++G(d,p) | 342 | 624 | 175 | 235

MO06 6-311+G(d,p) 36.3 63.6 17.0 | -2.31

MO06 6-311++G(d,p) | 363 | 63.6 | 17.0 | 231

MO06 6-31+G(dp) | 473 | 707 | 81 | 2.14

B3LYP 6-31+G(d,p) | 453 | 687 | 96 | 2.14
CAM-B3LYP 6-31+G(d,p) 45.5 68.6 7.1 -2.13

7 wB97XD 6-31+G(d,p) 48.8 72.3 9.3 -2.15
MO06 6-31++G(d,p) 47.6 71.3 8.1 -2.16

MO06 6-311+G(d,p) 49.0 71.4 7.7 -2.10

MO06 6-311++G(d,p) | 49.3 72.4 7.7 -2.13

MO06 6-31+G(d,p) 48.8 79.0 10.6 | -2.44

B3LYP 6-31+G(d,p) 47.7 76.9 12.7 | -2.39
CAM-B3LYP 6-31+G(d.p) 48.0 76.6 10.6 | -2.37

8 wB97XD 6-31+G(d,p) 50.3 78.8 13.3 | -2.36
MO06 6-31++G(d,p) | 489 | 789 | 10.7 | 2.43

MO06 6311+G(d,p) | 503 | 799 | 106 | 2.41

MO06 6-311++G(d,p) | 505 | 799 | 9.6 | 2.40




4. SMD-MO06/6-31+G(d,p) optimized structures (Cartesian coordinates):
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-0.824416
-1.938859
-0.501198
-0.040277
-1.674168
-0.663055
-0.232511
-0.960576
1.992670
1.540809
1.855680
-1.914753
-0.472037
-0.780035
-1.654904
-0.532599
-0.031625
0.778663
1.338168
1.611456

0.216624
0.216631
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-0.000006
1.321719
-2.134794
-0.000007
-1.322354
1.322356
0.000003
-1.321712
-0.000008
2.134780
-2.677306
-2.572523
-3.357045
-3.536048
-2.004348
-2.097171
-3.581656
-3.520953
-4.336774
-2.749865
-4.506448
-3.740496
-3.048087
2.677306
3.356989
2.572518
3.536111
3.520847
2.749801
4.336736
2.004414
3.581652
2.097084
4.506470
3.048158
3.740649
0.000005

2.293702
1.794959
2.164283
3.355337
0.224149
0.224156
-0.684743
1.794946
2.242642
2.164296
-0.401435
-1.880917
-0.267947
0.267725
-2.020622
-2.477393
-2.282616
0.782317
-0.763820
-0.736473
-0.240571
1.323237
0.197433
-0.401436
-0.268087
-1.880881
0.267820
0.782152
-0.736729
-0.763923
-2.020477
-2.282593
-2.477421
-0.240547
0.197722
1.323282
-0.095105

-0.312324
1.314474
-0.214649
-0.030488
-0.121684
-0.121688
0.535587
1.314482
-1.410846
-0.214668
-0.124290
-0.487204
1.239954
-1.198753
-1.416516
0.299725
-0.639971
1.512015
1.229574
2.027178
-1.260938
-0.988139
-2.179633
-0.124289
1.239998
-0.487356
-1.198641
1.512187
2.027148
1.229595
-1.416728
-0.640080
0.299474
-1.260893
-2.179540
-0.987861
1.862794
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