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Experimental.
NMR spectra were recorded on a Bruker AVANCE spectrometer operating at 300 MHz for *H and 121.5 MHz

for 3P with residual protic solvent used as internal standard.

Syntheses.
Bis-(diphenylphosphine)-ortho-carborane. Synthesis was carried out in two steps starting from

commercially available ortho-carborane, n-butyl-lithium (n-BuLi), and diphenylphosphine chloride. A 1.6 M
solution of n-BuLi in hexane (2.9 ml, 4.68 mmol) was added to a solution of ortho-carborane (0.3 g, 2.08
mmol) in diethyl ether at 0 °C and stirred at room temperature for 30 min and then refluxed for 30 min. The
solution was cooled to 0 °C and diphenylphosphine chloride (0.95 ml, 5.2 mmol) was added dropwise. The
mixture was stirred at room temperature for 30 min and quenched with a saturated aqueous solution of
ammonium chloride. The mixture was extracted with diethyl ether, organic phases were combined, washed
with brine, and dried over MgSO4. The solvent removed in vacuo and the residue purified by column
chromatography (silica gel, CH.Cl,) that afforded the product as colorless solid. Yield 55 %. H NMR
(CDClg): 7.9-7.79 (m, 8H), 7.50-7.36 (m, 12H), 3.0-1.5 (br, 10H). 3P NMR (CDCls): 7.82 ppm.
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Ag(phen)(P2-nCB). To a solution of AgPFe (49 mg, 0.195 mmol) in ethanol bis-(diphenylphosphine)-ortho-
carborane (100 mg, 0.195 mmol) was added and the mixture was stirred at room temperature for 1 hour. Then
1,10-phenanthroline (35 mg, 0.195 mmol) was added and the mixture was refluxed for 1 hour. The solvent
was removed in vacuo and the residue was purified by column chromatography (silica gel, CH2Cl.) affording
the product as yellow solid. Yield 70.8 %. *H NMR (400 MHz, THF-ds): 8.95 (s (br), 2H, Phen.), 8.67 (dd,
2H,J=8.0, 1.6 Hz, Phen.), 8.11 (s, 2H, Phen.), 7.97 (m, 2H, Phen.), 7.77 (m, 4H, Ph), 7.39 (m, 4H, Ph), 7.20
(m, 8H, Ph), 7.13 (m, 4H, Ph), 0.75 (br, 10H, B-H). *'P{H} NMR (162 MHz, THF-ds): 19.2 ppm (dd, J =
343.9, 24.8 Hz). Calculated for CzsHzsBaN2P2Ag-0.5CH.Cl2, %: C, 55.56; H, 4.72; N, 3.37. Found, %: C,
55.60; H4.77; N, 3.11.

Ag(idmp)(P2-nCB). To a solution of AgBF4 (75 mg, 0.385 mmol) in ethanol bis-(diphenylphosphine)-ortho-
carborane (194 mg, 0.385 mmol) was added and the mixture was stirred at room temperature for 1 hour. Then
4,7-dimethyl-1,10-phenanthroline (80 mg, 0.385 mmol) was added and the mixture was refluxed for 1 hour.
The solvent was removed in vacuo and the residue was purified by column chromatography (silica gel,
CH2Cl,) affording the product as yellow solid. Yield 68.9 %. *H NMR (400 MHz, CD2Cl,): 8.74 (d, 2H, J =
4.0 Hz, Phen.), 8.21 (s, 2H, Phen.), 7.78-7.66 (m, 6H, Phen. and Ph), 7.37 (m, 4H, Ph), 7.30-7.15 (m, 12H,
Ph), 2.9 (s, 6H, 2CHs), 0.75 (br, 10H, B-H). 3P{H} NMR (162 MHz, CD,Cl,): 17.8 ppm (dd, J = 340.8, 24.3
Hz). Calculated for C40H42B9N2P2Ag-0.5CHCl2, %: C, 56.54; H, 5.04; N, 3.26. Found, %: C, 56.54; H 5.12;
N, 3.13.

Ag(dmp)(P2-nCB). To a solution of AgPFs (0.6 g, 2.4 mmol) in ethanol bis-(diphenylphosphine)-ortho-
carborane (1.23 g, 2.4 mmol) was added and the mixture was stirred at room temperature for 1 hour. Then 2,9-
dimethyl-1,10-phenanthroline (0.5 g, 2.4 mmol) was added and the mixture was refluxed for 1 hour. The
solvent was removed in vacuo and the residue was purified by column chromatography (silica gel, CH2Cl,)
affording the product as yellow solid. Yield 71.4 %. 'H NMR (400 MHz, CDCl.): 8.35 (m, 3H, Phen.), 7.85
(m, 3H, Phen.), 7.60-7.48 (m, 8H, Phen. and Ph), 7.39-7.25 (m, 12H, Ph), 1.27 (s, 6H, 2CHzs), 0.75 (br, 10H,
B-H). 3P{H} NMR (162 MHz, CD,Cl,): 18.5 ppm (dd, J = 335.0, 23.9 Hz). Calculated for C4oH42BsN2P-Ag,
%: C, 58.74; H, 5.18; N, 3.43. Found, %: C, 58.51; H 5.13; N, 3.48.

Ag(dbp)(P2-nCB). To a solution of AgPFe (0.6 g, 2.4 mmol) in ethanol bis-(diphenylphosphine)-ortho-
carborane (1.2 g, 2.4 mmol) was added and the mixture was stirred at room temperature for 1 hour. Then 2,9-
di-n-butyl-1,10-phenanthroline (0.7 g, 2.4 mmol) was added and the mixture was refluxed for 1 hour. The
solvent was removed in vacuo and the residue was purified by column chromatography (silica gel, CH2Cl,)
affording the product as a yellow solid. Yield 68.8 %. 'H NMR (DMSO-ds): 8.78 (d, 2H, J = 8.17, Phen.),
8.21 (s, 2H, Phen.), 8.02 (d, 2H, J = 8.60, Phen.), 6.80-7.50 (m, 20H, P(Ph)2), 4.02(m, 2H, n-Bu), 1.51(m, 8H,
n-Bu), 0.75 (br, 10H, B-H), 0.21(m, 8H, n-Bu). 3'P{H} NMR (162 MHz, DMSO-ds): 20.9 ppm (dd, J = 245.9,
17.6 Hz). Calculated for CasHssBoN2P2Ag, %: C, 61.25; H, 6.03; N, 3.11. Found, %: C, 60.98; H, 5.97; N,
2.95.

Photophysics.
Photophysical measurements were performed for a powder sample deposited in a helium cryostat (Cryovac

Konti Cryostat IT) in which the helium gas flow, gas pressure, and heating were controlled. Thus, the
temperature was varied between 1.5 and 300 K. Luminescence spectra were measured with a Horiba Jobin
Yvon Fluorolog 3 steady-state fluorescence spectrometer. This spectrometer was modified to allow for
measurements of emission decay times. As excitation source a PicoBright PB-375 pulsed diode laser (Aexc =
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378 nm, pulse width 100 ps) was used. The emission signal was detected with a cooled photomultiplier
attached to a FAST ComTec multichannel scalar PCI card with a time resolution of 250 ps. Photoluminescence
quantum yields were determined with a Hamamatsu C9920-02 system equipped with a Spectralon® integrating
sphere.

X-ray diffraction studies.

Ag(phen)(P2-nCB). A clear yellow prism-shaped crystal with dimensions 0.35x0.17x0.13 was mounted on a
MITIGEN holder with inert grease. Data were collected using a SuperNova, Single source at offset, Atlas
diffractometer equipped with an Oxford Cryosystems CryoStream 700 low-temperature apparatus operating
at T = 123 K. Data were measured using scans of 1.0 per frame for 1.0 s using CuKa radiation (micro-focus
sealed X-ray tube). The total number of runs and images was based on the strategy calculation from the
program CrysAlisPro (Agilent). The actually achieved resolution was Q = 76.462.

Cell parameters were retrieved using the CrysAlisPro (Agilent) software and refined using CrysAlisPro
(Agilent) on 14071 reflections, 59 of the observed reflections. Data reduction was performed using the
CrysAlisPro (Agilent) software which corrects for Lorentz polarization. The final completeness is 99.90 out
to 76.462 in Q. The absorption coefficient (m) of this material is 5.496 and the minimum and maximum
transmissions are 0.750 and 0.885.

The structure was solved in the space group P21/n (# 14) by Direct Methods using the ShelXT (Sheldrick,
2015) structure solution program and refined by Least Squares using ShelXL (Sheldrick, 2015). All non-
hydrogen atoms were refined anizotropically. Hydrogen atom positions were calculated geometrically and
refined using the riding model.

Ag(idmp)(P2-nCB). A clear light-yellow plate-shaped crystal with dimensions 0.32x0.12x0.04 was mounted
on a MITIGEN holder with inert oil. Data were collected using a SuperNova, Single source at offset, Atlas
diffractometer equipped with an Oxford Cryosystems CryoStream 700 low-temperature apparatus operating
at T = 123 K. Data were measured using scans scans of 1.0° per frame for 2.5 s using CuK, radiation (micro-
focus sealed X-ray tube). The total number of runs and images was based on the strategy calculation from the
program CrysAlisPro (Agilent). The actually achieved resolution was Q = 76.406.

Cell parameters were retrieved using the CrysAlisPro (Agilent) software and refined using CrysAlisPro
(Agilent) on 27103 reflections, 45 of the observed reflections. Data reduction was performed using the
CrysAlisPro (Agilent) software which corrects for Lorentz polarization. The final completeness is 100.00 out
to 76.406 in Q. The absorption coefficient (m) of this material is 5.243 and the minimum and maximum

transmissions are 0.887 and 0.975.
The structure was solved in the space group Pbca (# 61) by Direct Methods using the ShelXT (Sheldrick,

2015) structure solution program and refined by Least Squares using ShelXL (Sheldrick, 2015). All non-
hydrogen atoms were refined anisotropically. Hydrogen atom positions were calculated geometrically and
refined using the riding model.

Ag(dmp)(P2-nCB). A clear colorless irregular-shaped crystal with dimensions 0.17x0.11x0.05 was mounted
on a MITIGEN holder with inert oil. Data were collected using a SuperNova, Single source at offset, Atlas
diffractometer equipped with an Oxford Cryosystems CryoStream 700 low-temperature apparatus operating
atT=123 K.
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Data were measured using scans of 1.0" per frame for 2.0 s using CuKa radiation (micro-focus sealed X-
ray tube). The total number of runs and images was based on the strategy calculation from the program
CrysAlisPro (Agilent). The actually achieved resolution was Q = 73.608.

Cell parameters were retrieved using the CrysAlisPro (Agilent) software and refined using CrysAlisPro
(Agilent) on 7720 reflections, 48 of the observed reflections. Data reduction was performed using the
CrysAlisPro (Agilent) software which corrects for Lorentz polarization. The final completeness is 98.50 out
to 73.608 in Q. The absorption coefficient (m) of this material is 5.958 and the minimum and maximum
transmissions are 0.798 and 0.909.

The structure was solved in the space group P-1 (# 2) by Direct Methods using the ShelXT (Sheldrick,
2015) structure solution program and refined by Least Squares using ShelXL (Sheldrick, 2015). All non-
hydrogen atoms were refined anizotropically. Hydrogen atom positions were calculated geometrically and
refined using the riding model.

Ag(dbp)(P2-nCB). A light-yellow plate-shaped crystal with dimensions 0.21x0.12x0.08 mm? was mounted
on a MITIGEN holder with inert oil. X-ray diffraction data were collected using a SuperNova, Single source
at offset, Atlas diffractometer equipped with an Oxford Cryosystems CryoStream 700 low-temperature device,
operating at T = 123 K.

Data were measured using w scans of 0.5 * per frame for 10.0 s using CuKa radiation (micro-focus sealed
X-ray tube). The total number of runs and images was based on the strategy calculation from the program
CrysAlisPro (Agilent). The maximum resolution achieved was Q = 73.484

Cell parameters were retrieved using the CrysAlisPro (Agilent) software and refined using CrysAlisPro
(Agilent) on 35923 reflections, 60 % of the observed reflections. Data reduction was performed using the
CrysAlisPro (Agilent) software which corrects for Lorentz polarization. The final completeness is 99.30 out
to 73.484 in Q. The absorption coefficient m of this material is 4.089 at this wavelength (I = 1.54184) and the
minimum and maximum transmissions are 0.928 and 0.976.

The structure was solved in the space group P2:/c (# 14) Direct Methods using the ShelXT 2014/5
(Sheldrick, 2014) structure solution program and refined by Least Squares using version 2014/7 of ShelXL
(Sheldrick, 2015). All non-hydrogen atoms were refined anizotropically. Hydrogen atom positions were
calculated geometrically and refined using the riding model.
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Table S1. Crystal data, data collection, and structure refinement details.

Compound

Formula

Dcalc,/ g Cm—3
m/mm-?

Formula Weight

Colour

Shape

Max Size/mm
Mid Size/mm
Min Size/mm
T/IK

Crystal System

Space Group
alA
b/A
c/A
of

b/’

g/
VIA3
VA

7
Qmin/ ’
Qmax/ ’

Measured Refl.

Ag(phen)(P2-nCB) Ag(idmp)(P2-nCB) Ag(dmp)(P2-nCB) Ag(dbp)(P2-nCB)

C3sHzsAgBoN2P2

1.438

5.496
789.80

clear yellow
prism

0.35

0.17

0.13

123
monoclinic
P21/n
15.45090(17)
13.73540(18)
17.2173(2)
90
93.3473(11)
90
3647.70(8)
4

1

3.737
76.462
23813

Independent Refl. 7610
Reflections Used 7095

Rint
Parameters
Restraints
Largest Peak
Deepest Hole
GooF

WR: (all data)
WR2

R: (all data)
R1

0.0275
485

0
1.001
-0.762
1.033
0.0658
0.0642
0.0279
0.0254

CaoHa2AgByN2P2

1.415
5.243
817.85

clear light yellow

plate

0.32

0.12

0.04

123
orthorhombic
Pbca
13.84462(16)
22.8202(3)
24.2963(2)
90

90

90
7676.07(15)
8

1

3.638
76.406
60763
8029

7309
0.0353
505

0

3.137
-1.425
1.036
0.1122
0.1086
0.0429
0.0393
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Ca1H14AgBoCI2N2P2 CosH118Ag2B18N4OP4

1.421
5.958
902.78
clear colorless
irregular
0.17

0.11

0.05

123
triclinic
P-1
10.9528(4)
13.8545(5)
15.6337(7)
67.617(4)
82.186(4)
74.331(4)
2110.61(17)
2

1

3.553
73.608
16213
8086

7115
0.0372
556

1

0.458
-0.707
1.029
0.0807
0.0771
0.0378
0.0312

1.246

4.089
1878.14
light yellow
plate

0.21

0.12

0.08
293.53(10)
monoclinic
P2i/c
18.24578(12)
23.5847(2)
23.60800(17)
90
99.6853(7)
90
10014.25(13)
4

1

3.404
73.484
59570
19465
17850
0.0242
1180

3

0.862
-0.754
1.019
0.0854
0.0830
0.0330
0.0298



Table S2. Coordination center geometry parameters of complexes Ag(phen)(P2-nCB), Ag(idmp)(P2-
nCB), Ag(dmp)(P2>-nCB), Ag(dbp)(P>-nCB) obtained by single crystal X-ray diffraction analyses.

Atom numbering corresponds to the one shown in Figure 2.

Parameters

Ag-N1
Ag-N2
Ag-P1
Ag-P2

N1-Ag-P1
N1-Ag-P2
N2-Ag-P1
N2-Ag-P2
N1-Ag-N2
P1-Ag-P2

C1-N1-Ag-P1
C1-N1-Ag-P2
C2-N2-Ag-P1
C2-N2-Ag-P2

2.3010(16)
2.4013(16)
2.4908(4)
2.4617(4)

146.08(4)
122.11(4)
114.27(4)
126.20(4)
71.78(5)
82.670(14)

77.88(17)
53.67(16)
31.77(17)
67.24(16)

Bonds (A)
2.281(2)
2.339(2)
2.4666(6)
2.4531(7)
Angles (degree®)
141.29(6)
122.37(6)
118.98(6)
125.31(6)
71.75(8)
83.49(2)
Dihedral angles (degree®)
66.8(3)
58.4(2)
34.7(3)
68.8(2)

S6

Ag(phen)(P.-nCB)  Ag(idmp)(P>-nCB) Ag(dmp)(P2-nCB)

2.329(2)
2.348(3)
2.4816(6)
2.4395(6)

118.56(5)
137.84(5)
109.63(5)
133.91(6)
72.32(8)

86.443(19)

77.02)
42.7(2)
65.1(2)
39.5(3)

Ag(dbp)(P2-nCB)

2.3158(18)
2.3207(16)
2.4230(5)
2.4770(5)

133.87(4)
120.64(4)
132.29(4)
115.99(4)
72.99(6)
85.581(16)

44.34(18)
72.10(16)
41.87(19)
67.26(17)



Calculations.

MO06Y/def2-SVP?? level of theory with “tight” criteria was applied for geometry optimizations and
MO062X/def2-SVP level of theory was applied for time-dependent calculations, all using the Gaussian 09D*
program.

Table S3. Coordination center geometry parameters of complexes Ag(phen)(P2-nCB), Ag(idmp)(P2-
nCB), Ag(dmp)(P.-nCB), Ag(dbp)(P2-nCB) calculated (M06/def2-SVP) for ground state (So) in gas
phase conditions. Atom numbering corresponds to the one shown in Figure 2.

Parameters  Ag(phen)(P2-nCB) Ag(idmp)(P.-nCB) Ag(dmp)(P2-nCB)  Ag(dbp)(P.-nCB)

Bonds (A)
Ag-N1 2.34229 2.34115 241179 2.35801
Ag-N2 2.45112 2.43338 2.39121 2.39355
Ag-P1 2.50645 2.50418 2.55064 2.49284
Ag-P2 2.56270 2.56886 2.54173 2.54347
Angles (degree®)
N1-Ag-P1 152.825 153.231 132.799 134.906
N1-Ag-P2 124.275 123.772 133.785 120.787
N2-Ag-P1 109.467 110.866 118.905 132.180
N2-Ag-P2 115.100 114.829 125.552 118.865
N1-Ag-N2 70.372 69.959 70.538 71.021
P1-Ag-P2 81.286 81.140 81.365 84.466
Dihedral angles (degree®)

C1-N1-Ag-P1 85.451 83.088 69.467 49.676
C1-N1-Ag-P2 72.383 73.012 57.696 66.131
C2-N2-Ag-P1 27.626 27.482 51.068 47.207
C2-N2-Ag-P2 61.693 62.218 49.523 63.335
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Table S4. Coordination center geometry parameters of complexes Ag(phen)(P2-nCB), Ag(idmp)(P2-
nCB), Ag(dmp)(P2-nCB), Ag(dbp)(P.-nCB) calculated (M06/def2-SVP) for the lowest excited triplet
state (Tq) in gas phase conditions. Atom numbering corresponds to the one shown in Figure 2.

Parameters  Ag(phen)(P2-nCB) Ag(idmp)(P.-nCB) Ag(dmp)(P2-nCB)  Ag(dbp)(P.-nCB)

Bonds (A)
Ag-N1 2.18688 2.17041 2.19366 2.18167
Ag-N2 2.25457 2.26144 2.35313 2.36246
Ag-P1 2.46402 2.45937 2.42415 2.43739
Ag-P2 2.53833 2.54136 2.64561 2.59068
Angles (degree®)
N1-Ag-P1 170.531 171.368 161.166 155.147
N1-Ag-P2 98.932 98.930 101.706 106.467
N2-Ag-P1 110.947 110.928 122.576 124.317
N2-Ag-P2 139.305 137.861 106.577 113.240
N1-Ag-N2 76.915 76.419 75.254 75.557
P1-Ag-P2 78.651 78.759 80.006 80.646
Dihedral angles (degree®)

C1-N1-Ag-P1 35.415 33.406 9.598 29.651
C1-N1-Ag-P2 39.009 40.359 83.756 73.933
C2-N2-Ag-P1 10.189 8.962 5.870 22.890
C2-N2-Ag-P2 86.817 87.445 82.716 71.638

S8



Table S5. Excited state properties of Ag(phen)(P2-nCB) obtained from TD-DFT calculations
(M062X/Def2-SVP) for the gas phase relaxed geometry of the lowest excited triplet state (T1).

State

S1

S

Ss3

Ss

T1

T2

T3

Energy

(eV)

1.73

2.36

3.06

3.83

1.59

2.31

3.04

Main contributions

HOMO — LUMO (92%), HOMO-1— LUMO
(4%)

HOMO — LUMO+1
LUMO+1 (3%)

(94%), HOMO-1—

HOMO — LUMO (5%), HOMO-1— LUMO
(92%)

HOMO-2 — LUMO (45%), HOMO — LUMO+4
(10%), HOMO—19 — LUMO (6%), HOMO—4 —
LUMO (6%), HOMO-14 — LUMO (5%).

HOMO — LUMO (89%), HOMO-1— LUMO
(4%)

HOMO — LUMO+1
LUMO+1 (3%).

(92%), HOMO-1—

HOMO — LUMO (7%), HOMO-1— LUMO
(88%)

S9

Oscillator
strength

0.0258

0.0015

0.0002

0.0149

Character

Y(MLp2-ncB)
LphenCT

Y(MLpz-ncB)
LphenCT

Y(MLp2-ncs)
LphenCT

YMLp2-ncB)
LphenCT
3(MLp2-ncs)
LphenCT

$(MLp2-nca)
LphenCT

3(MLpz-ncs)
LphenCT



Table S6. Excited state properties of Ag(idmp)(P2-nCB) obtained from TD-DFT calculations
(M062X/Def2-SVP) for the gas phase relaxed geometry of the lowest excited triplet state (T1).

State

S1

S,

S3

Ss

S

T1

T>

T3

Energy
(eV)

1.87

2.33

3.24

3.91

4.00

1.74

2.28

3.10

Main contributions

HOMO — LUMO (89%), HOMO—1— LUMO (3%),
HOMO— LUMO+1 (3%).

HOMO — LUMO (3%), HOMO—1— LUMO (91%).

HOMO — LUMO (5%), HOMO-1 — LUMO+1
(4%), HOMO—1— LUMO (88%).

HOMO — LUMO+5 (23%), HOMO — LUMO+4
(18%), HOMO — LUMO+7 (14%), HOMO—2 —
LUMO (9%), HOMO — LUMO+6 (5%).

HOMO-2 — LUMO (43%), HOMO — LUMO+5
(13%), HOMO — LUMO+6 (6%), HOMO—4 —
LUMO (5%), HOMO-13 — LUMO (4%).

HOMO — LUMO (85%), HOMO—1— LUMO (4%),
HOMO— LUMO+2 (3%).

HOMO — LUMO+1 (89%), HOMO — LUMO (3%),
HOMO-1 — LUMO+1 (2%).

HOMO-16 — LUMO (17%), HOMO-10 — LUMO
(16%), HOMO-10 — LUMO+1 (12%), HOMO-13
— LUMO+1 (8%), HOMO—-11 — LUMO+1 (6%),
HOMO-11 — LUMO (5%), HOMO-13 — LUMO
(4%), HOMO-16 — LUMO+1 (3%), HOMO-15 —
LUMO (3%).

S10

Oscillat
or
strength
0.0270
0.0200

0.0002

0.0465

0.0351

0

Character
Y(MLp2-ncB)
LigmpCT

Y(MLp2-ncs)
LidmpCT

Y(MLp2-ncB)
LidmpCT

YLp2nceCT

Y(MLp2-ncs)
LidmpCT

3(MLp2-ncB)
LidmpCT

$(MLp2-nce)
LidmpCT

3 I LidmpCT



Table S7. Excited state properties of Ag(dmp)(P2-nCB) obtained from TD-DFT calculations
(M062X/Def2-SVP) for the gas phase relaxed geometry of the lowest excited triplet state (T1).

State

S1

S2

Ss3

Sy

T1

T

T3

Energy

(eV)

2.17

2.80

3.28

3.66

2.04

2.74

3.15

Main contributions

HOMO — LUMO (96 %).

HOMO — LUMO+1 (97%).

HOMO-1 — LUMO (96%), HOMO— LUMO
(2%).

HOMO-2 — LUMO (39%), HOMO-14 —
LUMO (11%), HOMO-8 — LUMO (10%),
HOMO-17 — LUMO (8%), HOMO—4 —
LUMO (7%), HOMO—13 — LUMO (5%)).

HOMO — LUMO (94 %), HOMO—-1 — LUMO
(2 %).

HOMO — LUMO+1 (92 %), HOMO-8 —
LUMO+1 (2 %).

HOMO-9 — LUMO (23%), HOMO-9 —
LUMO+1 (14%), HOMO-15 — LUMO (13%),
HOMO-16 — LUMO (6%), HOMO—6 — LUMO
(5%)

S11

Oscillator
strength

0.0423

0.0058

0.0002

0.0050

0

Character

Y(MLp2-ncB)
LdmpCT

Y(MLp2-ncs)
LdmpCT

Y(Lp2-nce)Ld
mpCT

Y(MLp2ncB)
LdmpCT

3(MLp2-ncB)
LdmpCT

3(MLepz2-ncB)
LdmpCT

3I LdmpCT



Table S8. Excited state properties of Ag(dbp)(P2-nCB) obtained from TD-DFT calculations
(M062X/Def2-SVP) for the gas phase relaxed geometry of the lowest excited triplet state (T1).

State

S1

S

Ss3

S4

T1

T2

T3

Energy
(eV)
2.36
2.99

3.36

3.77

2.21

291

3.17

Main contributions

HOMO — LUMO (92 %), HOMO—-1 — LUMO
(4 %),

HOMO — LUMO+1 (95 %), HOMO-1 —
LUMO+1 (3 %).

HOMO — LUMO (4 %), HOMO-1 — LUMO
(94 %)

HOMO-2 — LUMO (33 %), HOMO-2 —
LUMO (20 %), HOMO—17 — LUMO (9 %),
HOMO-9 — LUMO (5 %), HOMO—-5 —
LUMO (3 %).

HOMO — LUMO (90%), HOMO-1 — LUMO
(4%)

HOMO — LUMO+1 (79 %), HOMO-1 —
LUMO+1 (3 %), HOMO-9 — LUMO+1 (2 %).

HOMO — LUMO+1 (10 %), HOMO-7 —
LUMO (6 %), HOMO-8 — LUMO (5 %),
HOMO-9 — LUMO+I (7 %), HOMO-9 —
LUMO (17 %), HOMO-10 — LUMO (3 %),
HOMO-15 — LUMO (14 %), HOMO-11 —
LUMO (6 %).

S12

Oscillator
strength

0.0536

0.0066

0.0004

0.0104

Character

Y(MLp2-ncB)
LabpCT

Y(MLp2-nce)
LdprT

Y(Lpz-nce)Ldb
pCT

Y(MLp2-ncs)
LabpCT

$(MLp2-nca)
LabpCT

3(MLpz-ncs)
LabpCT

3(Lpz-nce)Ldb
pCT



Table S9. Orbital energies and compositions of Ag(phen)(P2-nCB) resulting from Mulliken
population analysis at the M062X/def2-SVP level of theory in the gas phase relaxed geometry
of the lowest excited triplet state (T1).

Orbital Energy, Contributions, (%)
(eV) phen 2 Ag P Ph. P nCB ¢

LUMO+4 0.03 1 7 8 81 3
LUMO+3 -0.25 0 2 12 82 3
LUMO+2 -0.50 92 4 1 3 0
LUMO+1 -1.81 100 0 0

LUMO -2.22 96 2 1 1 0

HOMO -5.77 6 15 45 13 20
HOMO-1 -6.56 1 3 10 4 82
HOMO-2 -7.69 2 9 21 24 44
HOMO-3 -7.93 0 1 2 53 44
HOMO—4 -8.11 2 2 1 33 62

a) phenanthroline ligand (phen)
b) phenyl groups of P2-nCB ligand
¢) nido-carboranyl moiety of P2-nCB ligand

Table S10. Orbital energies and compositions of Ag(idmp)(P2-nCB) resulting from Mulliken
population analysis at the M062X/def2-SVP level of theory in the gas phase relaxed geometry
of the lowest excited triplet state (Tq).

Orbital Energy, Contributions, (%0)
(eV) idmp 2 Ag P Ph. P nCB ¢

LUMO+4 -0.08 1 7 8 81 3
LUMO+3 -0.20 0 2 12 82 3
LUMO+2 -0.38 91 4 1 4 0
LUMO+1 -1.77 99 1 0 0 0

LUMO -2.02 96 2 1 1 0

HOMO -5.70 6 16 45 13 19
HOMO-1 -6.50 1 3 9 4 83
HOMO—2 -7.63 2 9 22 24 42
HOMO-3 -7.88 0 1 2 53 44
HOMO—4 -8.06 3 2 1 34 60

a) 4,7-di-methyl-phenanthroline ligand (idmp)
b) phenyl groups of P2-nCB ligand
¢) nido-carboranyl moiety of P2-nCB ligand
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Table S11. Orbital energies and compositions of Ag(dmp)(P2-nCB) resulting from Mulliken
population analysis at the M062X/def2-SVP level of theory in the gas phase relaxed geometry
of the lowest excited triplet state (T1).

Orbital Energy, Contributions, (%)
(eV) dmp 2 Ag P Ph. P nCB ¢

LUMO+4 -0.06 12 1 8 77 2
LUMO+3 -0.13 4 2 9 80 4
LUMO+2 -0.43 78 6 2 14 1
LUMO+1 -1.65 99 0 0 1 0

LUMO -2.14 96 2 1 1 0

HOMO -5.99 3 12 49 23 13
HOMO-1 -6.58 0 1 5 4 90
HOMO-2 -7.67 3 11 23 31 32
HOMO-3 -8.00 1 1 1 29 68
HOMO—4 -8.20 4 4 3 33 56

a) 2,9-di-methyl-phenanthroline ligand (dmp)
b) phenyl groups of P2-nCB ligand
¢) nido-carboranyl moiety of P2-nCB ligand

Table S12. Orbital energies and compositions of Ag(dbp)(P>-nCB) resulting from Mulliken
population analysis at the M062X/def2-SVP level of theory in the gas phase relaxed geometry
of the lowest excited triplet state (Tq).

Orbital Energy, Contributions, (%0)
(eV) dbp 2 Ag P Ph. P nCB ¢

LUMO+4 0.04 3 2 9 84 2
LUMO+3 -0.16 4 4 9 81 3
LUMO+2 -0.35 87 4 1 5 0
LUMO+1 -1.61 92 0 0 0 0

LUMO -2.09 90 1 1 1 0

HOMO -6.09 3 13 47 18 16
HOMO-1 -6.60 1 2 8 5 76
HOMO—2 -7.65 2 10 23 33 28
HOMO-3 -8.02 1 0 1 42 54
HOMO—4 -8.12 1 1 1 34 59

a) 2,9-di-n-butyl-phenanthroline ligand (dbp)
b) phenyl groups of P2-nCB ligand
¢) nido-carboranyl moiety of P2-nCB ligand
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Figure S1. Iso-surface contour plots (iso-value 0.05) and energies of the molecular orbital
relevant to the lowest excited states of Ag(phen)(P2-nCB) as calculated at the M062X/def2-SVP

theory level in the lowest triplet-state (T1) geometry.
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Figure S2. Iso-surface contour plots (iso-value 0.05) and energies of the molecular orbital
relevant to the lowest excited states of Ag(idmp)(P2-nCB) as calculated at the M062X/def2-

SVP theory level in the lowest triplet-state (T1) geometry.
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Figure S3. Iso-surface contour plots (iso-value 0.05) and energies of the molecular orbital
relevant to the lowest excited states of Ag(dmp)(P2-nCB) as calculated at the M062X/def2-SVP
theory level in the lowest triplet-state (T1) geometry.
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Figure S4. Iso-surface contour plots (iso-value 0.05) and energies of the molecular orbital
relevant to the lowest excited states of Ag(dbp)(P2-nCB) as calculated at the M062X/def2-SVP
theory level in the lowest triplet-state (T1) geometry.
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