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1. Ultraviolet photoelectron spectra. Magnified Figure 2 in the main text
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Figure S1. UV-photoelectron spectra for radicals 1a,' 1¢, and 1d.
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2. Computational details and results

All calculations were performed using the Gaussian 09 computational package.
Geometry optimizations were carried out with the UCAM-B3LYP** functional and the triple-C
6-311G(d.p) basis set.” Frequency calculations were performed for the optimized geometries in
order to verify that the stationary points obtained were true energy minima. Atomic pin densities
summed up to heavy atoms in series 1 were obtained using Barone basis set® at the UCAM-
B3LYP/EPR-III//UCAM-B3LYP/6-311G(d,p) level of theory in benzene dielectric medium
requested with the SCRF(IEFPCM, Solvent=Benzene) keyword (IEFPCM, the default PCM

9,10 11,12

model).”" Visualization of molecular orbitals was done with Avogadro software.

a) Geometry optimization

The CAM-B3LYP/6-311G(d,p) optimized geometrical parameters (selected bond lengths and
angles) for 1a—1h are presented in Table S1 and compared with X-ray diffraction (XRD) data for
1a " and 1c."* A graphical comparison of the experimental (XRD) and DFT computed bond
lengths in 1a and 1c¢ is shown in Figure S2. Results show that DFT underestimates the bond
lengths by about 0.011 A, which within the experimental error of £0.01 A for 1a and +0.02 and
+0.03 A for 1c.

1.30 1.35 . 1.40 1.45 1.50
Obrr /A

Figure S2. Correlation of the experimental and calculated bond distances d in 1a and 1¢. Best fit

line: dxpr = 0.0110(8) + dprr, 7 = 0.66.
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Table S1. UCAM-B3LYP/6-311G(d,p) and XRD molecular geometrical parameters for radicals 1.

7 0 G
N2
6 N
5 3a l-\ls Ph
Bond length 1a 1b Ic 1d le 1f 1g 1h
and angle XRD ® XRD "
11a-12 /A 1.404 1.42 1.402 1.402 1.37 1.412 1.405 1.402 1.415 1.405
12-1/ A 1.343 1.35 1.344 1.343 1.42 1.345 1.345 1.343 1.345 1.344
1-2/ A 1.336 1.32 1.336 1.336 1.30 1.335 1.335 1.336 1.335 1.335
2-2Ph/ A 1.487 1.50 1.488 1.487 1.57 1.487 1.488 1.487 1.487 1.487
2-3/A 1.325 1.364 1.325 1.324 1.32 1.323 1.325 1.325 1.323 1.325
3-3a/A 1.366 1.38 1.366 1.366 1.43 1.366 1.365 1.366 1.366 1.366
3a-3a' /A 1.401 1.38 1.401 1.402 1.37 1.402 1.401 1.402 1.402 1.401
3a'-6a /A 1.393 1.36 1.392 1.393 1.45 1.389 1.388 1.393 1.389 1.392
6a-7 /A 1.368 1.39 1.370 1.366 1.37 1.364 1.368 1.367 1.364 1.368
7-7a /A 1.372 1.381 1.372 1.372 1.36 1.371 1.374 1.372 1.370 1.372
12-1-2 /° 116.1 114.1 116.1 116.2 112.3 117.1 116.2 116.1 117.0 116.1
1-2-3/° 127.2 130.2 127.3 127.1 134.0 127.4 127.3 127.2 127.3 127.2
6a-7-7a /° 118.2 118.5 118.2 118.9 120.3 118.3 120.1 118.6 118.3 118.7
3a'-12-11a/° | 118.7 118.6 118.5 119.2 122.2 118.9 119.2 118.9 118.9 118.9

* Ref. 1 est uncertainty 0.01. ° Ref.' est uncertainty 0.02 and 0.03.
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b) Ionization Energies (IE,)
Vertical /E, were calculated using two methods at the UCAM-B3LYP/6-311G(d,p) level
of theory.

In the first, frequently used method'”"”

the lowest ionization energy (/E;) was calculated
as AEscr = Escreation — Escrradical for fully optimized radical in its ground state and the cation at
the radical geometry (single point calculations). Higher vertical ionization energies (/E,) were
obtained as a sum of AEscr and Etp-prrn), Where the latter is the E,, excitation energy calculated
with the TD method for the cation at the radical geometry. The TD method takes into account
also low-lying ionic states and this approach has been demonstrated to be particularly reliable for
obtaining accurate ionization energies.'>"

In the second method, vertical ionization energies (/E,) are calculated based on
Koopmans’ theorem® and “shifted eigenvalue” correction.”’ In this formalism adopted for
analysis of open-shell molecules, the first ionization energy: IEXS = —eX3\  where X5, is the
Kohn-Sham energy of the highest occupied MO (SOMO) of the radical in its ground state,
obtained with the unrestricted method (UCAM-B3LYP/6-311G(d,p)). Following the Stowasser
and Hoffmann suggestion,”' ionization energies for the first and higher ionization can be
calculated from Kohn-Sham orbital energy corrected by a constant factor x as

IE, = —€K5110-n+1 + Xapscr, Where the X5, 0 . ., for n>1 is obtained for fully geometry-

optimized radical, using restricted open-shell method (RO-CAM-B3LYP/6-311G(d,p)). The

“shifted eigenvalue” correction is calculated as x = [ETS(BESCE) _ [EKsS using theoretical
g AESCF 1 1 g

first ionization energy as the reference (I Elr ef (AESCF) _ AEscr = Escreation — EscFradical, Vide supra;

then Xppscr = 1E, < “F5F) — [EKS) 2
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Table S2. Theoretical ionization energies for radical 1b obtained with the CAM-B3LYP/6-
311G(d,p) method.

1b, Method 2
Method 1 ‘s
MO Type Ks -€  * Xascr
AEscr+Erporr -€
XASCF = 0.252
leV leV
leV

H(S)OMO

6.267 6.015 6.267
HOMO -1

7.052 7.128 7.380
HOMO -2

8.315 7.974 8.227

HOMO -3
8.323 8.338 8.591
HOMO -4
8.701 8.399 8.652
HOMO -5
8.836 8.589 8.841
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Table S3. Assignment of experimental ionization energies (/En) for radical 1c. Theoretical
values were obtained with the CAM-B3LYP/6-311G(d,p) method.

1c, Method 2
Method 1
MO Type s £+ Xus0F Exp. IE
AEscr+Erporr -€
XASCF = 0.245 leV
leV leV
leV
H(S)OMO
6.393 6.148 6.393 6.35
HOMO -1
7.323 7.286 7.531 7.71
HOMO -2
7.992 7.660 7.905 8.08
HOMO -
3
8.311 8.243 8.489 8.59
HOMO -4
8.479 8.404 8.650 8.81
HOMO -
5
8.719 8.833 9.078 9.12
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Table S4. Assignment of experimental ionization energies (/En) for radical 1d. Theoretical
values were obtained with the CAM-B3LYP/6-311G(d,p) method.

1d, Method 2
Method 1
MO Type s £+ X,us0F Exp. IE
AEscr+Erporr -€
XASCF = 0.257 leV
leV leV
leV
H(S)OMO
6.282 6.025 6.282 6.38
HOMO -1
7.066 7.144 7401 741
HOMO -2
8.337 7.990 8.246 8.32
HOMO -3
8.371 8.158 8.415 8.62
HOMO -4
8.487 8.381 8.638 8.80
HOMO -5
8917 8.689 8.945 8.80
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Table SS5. Theoretical ionization energies for radical le obtained with the CAM-B3LYP/6-
311G(d,p) method.

1e, Method 2
- « Method 1 ‘s
MO Type Ks -€  + Xascr
AEscr+Erporr -€
XASCF = 0.219
leV leV
leV
H(S)OMO
6.238 6.020 6.238
HOMO -1
7.037 7.131 7.350
HOMO -2
8.225 7.750 7.969
HOMO -3
8.287 7.944 8.163
HOMO -4
8.338 8.336 8.555
HOMO -5
8.646 8.391 8.609
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Table S6. Theoretical ionization energies for radical 1f obtained with the CAM-B3LYP/6-
311G(d,p) method.

1f, Method 2
Method 1
MO Type Ks €%+ Xuscr
AEscr+Erporr -€
XASCF = 0.208
leV leV
leV

H(S)OMO

6.313 6.105 6.313
HOMO -1

7174 7.145 7.353
HOMO -2

8.012 7.658 7.866
HOMO -3

8.164 8.043 8.251
HOMO -4

8.388 8.331 8.539
HOMO -5

8.619 8.399 8.607
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Table S7. Theoretical ionization energies for radical 1g obtained with the CAM-B3LYP/6-
311G(d,p) method.

19, Method 2
Method 1
Type of MO < £+ Xascr
AEscr+Erporr -
XASCF = 0.205
leV leV
leV
H(S)OMO
6.278 6.073 6.278
HOMO -1
7.082 7.168 7.373
HOMO -2
8.019 7.526 7.732

8.282 8.037 8.243
HOMO -4

8.366 8.380 8.585
HOMO -5

8.426 8.447 8.652
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Table S8. Theoretical ionization energies for radical 1h obtained with the CAM-B3LYP/6-
311G(d,p) method.

1h, Method 2
Method 1
MO Type Ks €%+ Xuscr
AEscr+Erporr -€
XASCF = 0.183
leV leV
leV
H(S)OMO

6.249 6.066 6.249
HOMO -1

6.964 6.813 6.995
HOMO -2

7.680 7.510 7.693
HOMO -3

7.789 8.142 8.324
HOMO -4

8.500 8.376 8.558
HOMO -5

8.515 8.406 8.589

S12



Correlation of experimental and theoretical ionization energies IE,.

Experimentally established ionization energies were correlated with those DFT calculated using

two methods. The initial fitting of the datapoitns to a linear function y = ax + b gave slopes near

unity and errors greater than the difference from slope unity:

Method 1: IE, (DFT) = 0.11(37)+0.965(46)xIE, (UVPES), r* = 0.965.
Method 2: IE, (DFT) = -0.11(26)+1.006(31)xIE, (UVPES), /> = 0.984.

Therefore, slopes were assumed unity and the datapoins were fitted to the function: y = x + b.

Results are shown in Figures S3 and S4.
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Figure S3. Correlation of ionization energies /E, obtained for radicals 1a, 1¢ and 1d form UV-
PES measurements and DFT calculations using method 1 (as /E, = AEscr + Erpprr). Best-fit
function /E, (DFT) = -0.181(41)+IE, (UVPES), r* = 0.964.
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Figure S4. Correlation of ionization energies /E, obtained for radicals 1a, 1¢ and 1d from UV-
PES measurements and DFT calculations using method 2 (as -€*° + xascr). Best-fit function IE,
(DFT) = -0.06(3)+IE, (UVPES), * = 0.984.
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¢) Electrostatic potential surface maps

Figure S5. Electrostatic Potential Surface maps at the 0.004 electron/bohr’ isodensity surface.
Electrostatic potential iso-contour level from +12.55 (red) to -12.55 (blue) kcal/mole. UCAM-
B3LYP/6 311G(d,p) level of theory.
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d) spin delocalization

Spin delocalization parameter RDV (Radical Delocalization Value) was calculated according to

the formula:®

n
RDV = ) (o)’
i=1

where spin concentration p, on each heavy atom i (hydrogen atoms summed up to heavy atoms)
is obtained with the UCAM-B3LYP/EPR-III//UCAM-B3LYP/6-311G(d,p) level of theory either
in vacuum or in benzene dielectric medium requested with the SCRFUIEFPCM,

Solvent=Benzene) keyword (IEFPCM, the default PCM model).”"

For the purpose of this work, the inverse is reported: RDV™'=1/RDV, since now the larger

value corresponds to a greater delocalization. Results are shown in Table S9.

e) Spin density maps
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Figure S6. Spin Density Maps at the 0.004 electron/bohr’. UCAM-B3LYP/6 311G(d,p) level of
theory.
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) Summary of computational results

Computational results are summarized in Table S9.

Table S9. Summary of DFT-derived pertinent molecular parameters for radicals 1.

Radical la 1b lc 1d le 1f 1g 1h
AEscr (IE1)* | 6.432 6.267 6.393 6.282 6.238 6.313 6.278 6.249
eV

£.1oM0 -6.113 -6.015 | -6.148 | -6.025 |-6.020 | -6.105 -6.073 | -6.066
eV

£l oo -0.350 -0.484 | -0.463 -0.436 | -0.434 | -0.452 -0.421 -0.912
eV
AE.1oM0. 5.763 5.531 5.684 5.589 5.586 5.653 5.652 5.154
Lumo eV
RDV?
vacuum 3.809 3.832 3.789 3.628 3.893 3.906 3.718 3.877
benzene 3.873 3.894 3.847 3.688 3.952 3.969 3.775 3.937

* AEscr = Escreation — Escrradical; Obtained at the UCAM-B3LYP/6-311G(d,p) level theory. > UCAM-B3LYP/EPR-
I[I//UCAM-B3LYP/6-311G(d,p); see section 2.d.
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g) Atomic coordinates for CAM-B3LYP/6-311G(d,p) optimized geometry and total energy

1b

C 1.01022100 3.60160200 -0.00000500
C 1.02569300 2.22549500 -0.00000500
C -0.17345000 1.51811200 -0.00000200
C -1.41145900 2.17353000 0.00000100
C -1.41230300 3.57554900 0.00000000
C -0.21970600 4.26633900 -0.00000300
H 1.94853700 4.13953600 -0.00000700
H -2.36773400 4.08229600 0.00000100
H -0.22826100 5.34918300 -0.00000400
C -2.45126400 0.13260700 0.00000000
C -3.70373300 -0.66989300 -0.00000100
C -3.67135100 -2.06332700 -0.00002400
C -4.93548700 -0.01873400 0.00002200
C -4.85045000 -2.79065300 -0.00002400
H -2.71559100 -2.56835100 -0.00004300
C -6.11310200 -0.74880500 0.00002300
H -4.94707500 1.06237900 0.00003900
C -6.07483400 -2.13622200 -0.00000100
H -4.81394100 -3.87357200 -0.00004300
H -7.06543500 -0.23204200 0.00004100
H -6.99632500 -2.70644400 -0.00000100
C 1.05140300 -0.54216200 0.00000100
C 2.21469900 0.19596800 -0.00000200
N -0.17818600 0.13216700 -0.00000200
N -1.31972500 -0.57682200 -0.00000200
N -2.57145200 1.45204800 0.00000300
C 3.52696500 -1.85473100 0.00000600
C 2.31330700 -2.58741800 0.00000900
H 2.35484400 -3.66988900 0.00001300
C 1.10915500 -1.95365000 0.00000600
H 0.17581500 -2.49565000 0.00000900
C 3.47979400 -0.43765800 0.00000100
C 4.68717500 0.30094100 -0.00000200
H 4.63921800 1.38096300 -0.00000500
C 4.78974700 -2.48996500 0.00000800
H 4.82566900 -3.57337400 0.00001100
C 5.94355800 -1.75743300 0.00000300
H 6.90468000 -2.25696300 0.00000400
C 5.88952400 -0.34819000 0.00000000
H 6.81038800 0.22222700 -0.00000300
0 2.22702000 1.56751600 -0.00000700

Eior= -1124.00243617 au
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.51480300
.07381000
.09700100
.94432600
.78832600
.50635100
.45096800
.72330500
.98353300
.05320200
.37042400
.79947600
.26763600
.50423300
.33256200
.71946800
.44619700
.02628000
.70856500

85055700

.45783900
.39777700
.11863600
.13088000

.22671100
.93220800
.87040600
.08653600
.40994500
.45339300
.18267700
.34964700
.65597500
.13619100
.72847100
.82063100
.21085400
.11824400
.50961000
. 74014300
.03370800
.34954200
.31159600
.95881700
.41583300
.16930100
.79671300
.22670000
.06463400
.55934200
.48314800
.02582200
.29797600
.74678000
.50086000
.62813400
.71861200
.86831800
.48909500
.83143800
.31178100
.02948600
.89482300
.72883100
.33072400
.71136100
.47391200
.57449100
.04133100
.77602600
.11418900

S21

.00000400
.00000700
.00000200
.00001400
.00001900
.00000900
.00000600
.00000100
.00004200
.00002900
.00005300
.00006700
.00001900
.00005800
.00002200
.00008600
.00004300
.00003100
.00000100
.00001500
.00001200
.00001500
.00002800
.00001500
.00000200
.00000000
.00000300
.00001900
.00000500
.00003000
.00003600
.00001800
.00003900
.00001900
.00003000
.00000500
.00005100
.00000500
.00003800
.00005600
.00005000
.00002200
.00001200
.00002800
.00001200
.00005100
.00002500
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-1277.58147672 au

.40859300
.46647200
.82979100
.16754600
.11910600
. 73731000
.56757700
.94417100
.03006200
.23622000
.40328200
.03141700
.60433300
.93814500
.68985600
.68724600
.61057800
.97967100
.49122400
.77745600
.87875500
.26942300
.52916000
.17506800
.47930800
.14851900
.10104900
.13451100
.84843100
.77708800
.01962600
.35282300
.38396300
.43579500
.90160300
.57380900
.38924400
.08472500
.12174800
.26242700
.95328300
.63491700
.58488300
.39730400
.39205000
.24086000
.12575800

.20844700
.21413800
.87905400
.51103000
.53098400
.85172100
.67266800
.10573300
.05548600
.50781500
.38506600
. 74134400
.83894300
.75963700
.78141400
.11478700
.14186800
.82174100
.21675000
.56254000
.86615200
.41388400
.19427300
.54585400
.63325800
.24124600
.24076200
.01197700
.40475900
.49930600
.16650900
.20711400
.69118000
.90476700
.75903600
.29536200
.06789000
.00969300
.12202500
.92090400
.71478200
.42319900
.21354700
.37554100
.41685800
.06701700
.49593000

S22

.07645200
.05794500
.06497000
.26681100
.40982300
.31982100
.00882600
.11949900
.57358400
.21177600
.68819500
.84548100
.10052800
.55349600
.34921900
.04709400
.36448700
.43849000
.08395900
.28112100
.03497000
.16528400
.28152500
.34572800
.42595400
.57088700
.02057500
.24428400
.50623700
.38371300
.00475600
.27174800
.15235100
.65323400
.11500100
.08030100
.49707800
.43427900
.37983800
.98936400
.33868300
.81059400
.59042800
.36943300
.69447200
.60143200
.51224200
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Etor=

-1353.79843221 au

.10929500
.71148400
.66674100
.03844800
.42895100
.47497200
.47298500
.45364900
.03568900
.81772600
.96663200
.97728500
.74645900
.12944800
.32456500
.63109400
.80479300
.05149600
.08028600
.51558200
.00535600
.87422300
.22655000
.37490600
.81558000
.28822700
.18883500
.95325100
.34766400
.20986000
.15228800
.66714800
.99633900
.39360700
.35641400
.65622800
.67713400
.02691800
.51354200
.94335700
.23573500
.00432200
.37103800
.02667400
.62831000
.62392700
.78336200
.48761100
.35695500

.15305900
.83527700
.82257300
.11023200
.45641000
.45120900
.13897000
.25724000
.58693800
.97349300
.61288200
.80665300
.00169800
.06177900
.32393000
.64315300
.76961700
.12756400
.17305400
.14360300
.22095000
.43960500
.92811400
.96451200
.38111800
.49111900
.50597400
.09581500
.02166000
.66737700
.39060600
.74280300
.04397800
.54751100
.79299100
.01256300
.06454300
.27036400
.08688700
.23060600
.89531200
.44966100
.29834900
.09067700
.59583400
.53871400
.48920300
.67740500
.93013200

S23

O OO OO OO0 oo oo

.00000300
.00000500
.00000200
.00000400
.00000700
.00000300
.00000100
.00000200
.00004300
.00003700
.00004400
.00007600
.00003800
.00006800
.00000300
.00007700
.00007000
.00000400
.00000200
.00000400
.00000600
.00000500
.00000800
.00000500
.00000100
.00000300
.00000600
.00000600
.00001000
.00000200
.00000300
.00000800
.00001500
.00001200
.00001100
.00000900
.00001400
.00001100
.00000000
.00000600
.00000500
.00000700
.00001700
.00001900
.00001500
.00001200
.00000500
.00001100
.00000600
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