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1. General Information

All reactions were carried out under the nitrogen atmosphere unless specified. Chemicals
were purchased from commercial sources and used without further purification. The
solvent were freshly distilled on suitable dry reagents. 'H NMR and '®C NMR spectra
were recorded on a JEOL ECZ400S 400 MHz NMR spectrometer and a JEOL ECZ600R
600 MHz NMR spectrometer. Elemental analyses (C, H, N) were carried out with an
Elementar Vario EL Il elemental analyzer. TGA and differential scanning calorimetry
(DSC) of samples were performed on a METTLER TOLEDO TGA/DSC 1 STARe System
with a heating rate of 10 °C/min under nitrogen. UV-visible absorption spectra were
determined on a PerkinElmer Lambda 365 spectrophotometer under ambient conditions.
PL spectra of solution, film samples were carried out with an Edinburgh FLS1000
fluorescence spectrometer. The transient PL and time-resolved PL characteristics of
solution and film samples were performed on an Edinburgh analytical instrument
FLS1000 with a xenon arc lamp (450 W), EPL-375 laser and pulsed flash lamps. The PL
quantum yields of solution and film samples were defined as the number of photons
emitted per photon absorbed by the systems and measured by an Edinburgh FLS1000
spectrofluorophotometer. And the variable-temperature measurements were carried out
on corresponding instruments by using an additional LINKAM THMS600 system.

2. Synthesis
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Scheme S1 Synthesis route of the Phen-Tpa ligand.

Synthesis of Phen-Tpa. Compound Phen-Tpa was prepared according to the reported
procedure,’ To a solution of 3,8-dibromo-1,10-phenanthroline (338 mg, 1.0 eq, 1.0 mmol)
dissolved in the toluene (10 mL) under N,. Then, the [4-(N-phenylanilino)phenyl]boronic
acid (635.8 mg, 2.2 eq, 2.2 mmol) in solution in dry THF (10 mL) and potassium
carbonate K,CO; (552 mg, 4 eq, 4 mmol) in solution in distilled water (2 mL), are added.
Then, tetrakis(triphenylphosphine)palladium(0) (115.6 mg, 5 mol%, 0.1 mmol) is added to
the mixture. The reaction mixture was refluxed for 24 h at 110°C in an oil bath. When it is
cool, the solvent was removed by vacuum-rotary evaporation. The residue was extracted
with CH,Cl,. The extract was dried using anhydrous sodium sulfate. The product as a
green solid was obtained by column chromatography on silica gel (533 mg, 80%). 'H



NMR (400 MHz, DMSO-D6) & 9.40 (d, J = 1.2 Hz, 2H), 8.71 (d, J = 1.2 Hz, 2H), 8.04 (s,
2H), 7.89 (d, J = 7.6 Hz, 4H), 7.36 (t, J = 7.3 Hz, 8H), 7.15 — 7.09 (m, 16H). 13C NMR
(151 MHz, DMSO-D6) & 148.27, 147.70, 146.85, 144.07, 133.91, 132.26, 130.17, 129.72,
128.39, 128.25, 127.30, 124.53, 123.64, 122.95. Anal. Calcd for CagHauNa: C, 86.46; H,
5.14: N, 8.40. Found: C, 86.01; H, 5.18; N, 8.38.

Synthesis of Complex 1 ([Ag(Phen-Tpa)(Xantphos)]BF,4). A mixture of Phen-Tpa (0.1
mmol) and Xantphos (0.1 mmol) in CH,Cl, (10 ml) was stirred for 30 min at room
temperature, and then [Ag(CH3CN)4]BF4 (0.1 mmol) was added. After the mixture was
stirred for 1 hour. The product as crystalline solid was obtained from a diffusion of
toluene into the above CH,Cl, solution. "H NMR (400 MHz, DMSO-D6) d 8.86 (s, 4H),
8.15 (s, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 5.8 Hz, 4H), 7.38 (t, J = 7.6 Hz, 8H),
7.32 (s, 4H), 7.25 — 7.07 (m, 34H), 6.69 — 6.55 (m, 2H), 1.57 (s, 6H). '3C NMR (101 MHz,
DMSO-D6) & 153.02, 148.76, 148.12, 146.65, 135.28, 134.08, 132.99, 132.47, 131.46,
130.98, 130.34, 129.77, 128.92, 128.24, 127.82, 125.16, 124.62, 123.88, 122.69, 35.04,
29.27. Anal. Calcd for Cg7HesAgBF4sN,OP,: C, 72.58; H, 4.58; N, 3.89. Found: C, 71.86; H,
4.59; N, 3.90.

3. Single Crystals Information

X-ray Crystallographic Analysis. Diffraction data for free ligand Phen-Tpa and 1 were
collected on a Supernova single-crystal diffractometer equipped with graphite-
monochromatized Ga Ka radiation (A=1.34050 A) at 100 K. Structures were solved by
direct methods and refined by full-matrix least-squares methods using the SHELXL-97
program package.? Hydrogen atoms were added in idealized positions. All nonhydrogen
atoms were refined anisotropically. Details of the crystal and structure refinements are
listed in Table S1. Selected bond lengths and bond angles are listed in Table $S2. CCDC
2414838 and 2414839 contain the supplementary crystallographic data for Phen-Tpa and
complex 1, respectively.

Table S1. Selected crystallographic data of free ligand Phen-Tpa and complex 1.

Compound reference 1 Phen-Tpa
Chemical formula Cg4H74AgBFsN,OP, Cs5H46N4O2 25
Formula Mass 1532.19 799.00
Temperature/K 100.00(10) 101(2)
Crystal system triclinic triclinic
Space group P-1 P-1
a’A 12.9145(2) 9.74650(10)
b/A 15.9498(2) 10.17140(10)
c/A 19.2708(4) 21.3460(2)
al® 77.0980(10) 89.8470(10)
pr 81.031(2) 85.1040(10)

(
v 77.6880(10) 75.2930(10)
Volume/A3 3755.75(11) 2038.95(4)




z
Pealc g/cm?
p/mm-
F(000)

Crystal size/mm3
Radiation
Reflections collected
Independent reflections
Datal/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20 (I)]

Final R indexes [all data]

2
1.355
2.053
1584.0
0.3%0.2x0.1
Ga Ko (A = 1.3405)
48504
14788 [Riy = 0.043 5, Ryigma = 0.0443]
14788/0/967
1.043
Ry = 0.0339, wR; = 0.0824
Ry = 0.0433, wR; = 0.0851

2
1.301
0.400
844.0
0.5x0.25x0.15
Ga Ka (A = 1.3405)
38753
7974 [Rin; = 0.0328, Rgigma = 0.0222]
7974/0/579

1.056

Ry =0.0392, wR; = 0.0979

Ry =0.0425, wR; = 0.1006

Largest diff. peak/hole / e A3 0.86/-0.68 0.26/-0.29
Table S2. Selected bond distances (A) and angles (°) of complex 1.
Compound 1

Distances (A) Ag-N1 2.3165(15)
Ag-N2 2.3744(18)

Ag-P1 2.5132(6)

Ag-P2 2.3890(6)

Bond Angles (°) N1-Ag-N2 71.477(57)
P1-Ag-P2 116.044(21)
N1-Ag-P1 104.396(46)
N2-Ag-P2 121.786(43)

Dihedral angles (°) P-Ag-P 86.2(6)
N-Ag-N

19.504(19)°

Phen-Tpa

33.298(25)°

47.071(17)°

Complex 1

Figure S1 The dihedral angles between the donor triphenylamine and the acceptor phenanthroline in

Phen-Tpa and 1.



4. Thermal Properties
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Figure S2 Thermogravimetric analysis curves of Phen-Tpa and 1.

5. Electrochemical Measurements

Cyclic voltammetry was performed in a gastight single-compartment three-electrode cell
with a CHI840D Voltammetric Analyzer at a sweep rate of 20 mV/s. A glassy carbon disk
(6 mm diameter) and a platinum wire were selected as the working and auxiliary
electrodes, respectively. The reference electrode was Ag/Ag* (0.01 M of AgNO; in
acetonitrile). The CV measurements were carried out in anhydrous and nitrogen-
saturated  dichloromethane  solutions  with 0.1 M ntetrabutylammonium
hexafluorophosphate and 2.0 mM investigated compounds. Each experiment concluded
with the calibration of its potential against the ferricenium/ferrocene couple (Fc/Fc*),
which served as an internal redox standard, ensuring all potentials were determined
relative to Fc.3 For the CV experiments, feedback compensation has been employed to
take into account the ohmic drop.* The HOMO and LUMO levels were estimated from the
cyclic voltammetry and optical bandgaps (Eg) determined from the onset of the
absorption band (Agnset)-

HOMO = -[ EOX - E(Fc/Fc*) + 4.8] eV;
Eg = 1240/ Agnset;

LUMO = HOMO + Eg.
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Figure S3. Cyclic voltammogram of the 1 and free ligand Phen-Tpa in degassed Dichloromethane.

6. Theoretical Calculations

All the calculations were carried out using the Gaussian 09 program package.5 The
density functional theory (DFT) and time-dependent (TD-DFT) density functional theory
calculations were performed at PBEO level using 6-31g*/LANL2DZ basis sets in
conjunction with the polarizable continuum model (PCM). The structure in the singlet
ground (Sg) was optimized via DFT. The S; and T1geometries were optimized via TDDFT.
The input coordinates were extracted from the X-ray crystallographic data. The SOC
(spin-orbit coupling) calculations were further evaluated using ORCA 5.0 program.6-1° The
partition orbital compositions were analyzed by the Multiwfn 2.4 program.!

- ’
Figure S4 (a) NTO pairs for S; and T, states of Phen-Tpa, (b) NTO pairs for S; and T, states of
complex 1 in the optimized S; and T, structure.
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Figure S5 Frontier orbitals from HOMO-3 to LUMO+4 of Phen-Tpa in the optimized S, structure.
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Figure S6 Frontier orbitals from HOMO-3 to LUMO+4 of 1 in the optimized S, structure.

Table S3. Composition of HOMO-3 - LUMO+4 of complex 1 and Phen-Tpa in the optimized Sy structure.

Energy (eV) Ag Tpa Phen Xantphos

HOMO-3 -8.2888 5.45926 % 3.80056 % 4.02322 % 86.71696 %

HOMO-2 -7.9561 20.87027 % 0.19072 % 2.33916 % 76.59984 %

HOMO-1 -6.8894 0.02642 % 93.96286 % 5.91249 % 0.09823 %

HOMO -6.7600 0.01536 % 93.20238 % 6.75695 % 0.02532 %

1 LUMO -3.7949 1.45907 % 18.45507 % 78.09098 % 1.99488 %
LUMO+1 -3.5910 0.09201 % 9.94700 % 89.50710 % 0.45388 %

LUMO+2 -2.7944 4.10547 % 0.89219 % 2.81999 % 92.18235 %

LUMO+3 -2.6008 1.22397 % 1.12417 % 0.32750 % 97.32437 %

LUMO+4 -2.5609 7.18774 % 19.50195 % 60.74960 % 12.56071 %




Tpa Phen

HOMO-3 -6.4327 43.67697 % 56.32303 %

HOMO-2 -6.4296 95.21991 % 4.78009 %

HOMO-1 -5.2895 90.27070 % 9.72930 %

HOMO -5.1783 31.72876 % 68.27124 %

Phen-Tpa LUMO -1.4515 12.00736 % 87.99264 %
LUMO+1 -1.2138 81.69803 % 18.30197 %

LUMO+2 -0.4883 90.28856 % 9.71144 %

LUMO+3 -0.3302 94.28755 % 5.71245 %

LUMO+4 -0.3175 98.66307 % 1.33693 %

Table S4. Calculated energy levels, and orbital transition analyses for Phen-Tpa and complex 1 in the
optimized Sy and T4 geometries at the PBE0/6-31G*/LANL2DZ Levels.

complexes states Energy Acal (NM) Main contributions ILCT ILLE
(eV)
S, 2.7876 444.83 H—L(96.24%) 54.46% 45.54%
T4 1.8519 669.58 H—L(68.66%) 19.41% 80.59%

H-2—1(9.98%)

Phen-Tpa T 2.4959 496.81 H-1-L(48.39%) 45.87% 54.13%
H—L+2(18.94%)
Ts 2.9160 425.24 H-3—L+1(38.05%) 19.93% 80.07%

H-2—1(14.54%)

H—L(8.50%)
S, 1.7806 696.39 H—L(98.56%) 81.43% 18.57%
T 1.7016 728.73 H—L(77.98%) 53.61% 43.32%
1 H-3—L(8.83%)
T, 2.0255 612.19 H-1—-L(81.03%) 67.35% 6.81%
HoL+4(3.61%)

Table S5. Compositions of hole and electron for the S; states of Phen-Tpa, complex 1 in the optimized

S; structure.

Ag Tpa Phen Xantphos
Hole 0.00265 % 99.21959 % 0.77331 % 0.00445 %
1 electron 1.42817 % 17.79240 % 78.74921 % 2.03022 %
difference -1.42552% 81.42719% -77.9759% 2.02577%
Hole 89.13631 % 10.86369 %
Phen-Tpa electron 34.67680 % 65.32320 %
difference 54.45951% -54.45951%

Table S6. Compositions of hole and electron for the T4 states of Phen-Tpa, complex 1 in the optimized

T, structure.

Ag Tpa Phen Xantphos

Hole 0.05277 % 79.15509 % 20.54891 % 0.24323 %




1.27579 % 22.77347 % 74.16161 % 1.78913 %

1 electron
difference -1.22302% 56.38162% -53.61270% -1.54590%
Hole 63.38140 % 36.61860 %
Phen-Tpa electron 43.96646 % 56.03354 %
difference 19.41494% -19.41494%
7. Photophysical Measurements
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Figure S7 Transient PL decay spectra of Phen-Tpa and 1 in MeOBP films (0.05 Wt%) at 298K.
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Figure S8 (a) PL spectra of Phen-Tpa and 1, (b) Transient PL decay spectra of Phen-Tpa and 1, (c)



Time-resolved PL spectra of Phen-Tpa (d) Time-resolved PL spectra of 1 at 77 K doped into MeOBP
films (0.05 wt%).
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Figure S9 (a) PL spectra, (b) Transient PL decay spectra of Phen-Tpa and 1 in CH,Cl; dilute solution at
298 K.

Table S7. Photophysical parameters of Phen-Tpa and complex 1 in CH,CI; dilute solution at 298 K.

Compound Amax (Nm) ®pr (%) T (ns) ke (s™)
Phen-Tpa 490 100 2.68 3.7x108
1 546 100 3.62 2.8x108

The rate of ISC, RISC can be calculated from the experimental data as follow'?:

= 1
p=—
'p (1)
= 1
==
T ()
P
kisc = (1 - E)kp
@)
P kpkg®Prapr
RISC™ "4 @, @

Where 1p is the transient decay time of the prompt component, 14 is the transient decay
time of the delayed component, ®r and Prapr are the prompt and delayed components of
the PL quantum efficiency, respectively.

To calculate kisc and kgisc for complex 1, we first need to determine ®r and Prapr. In
the transient PL decay spectra of complex 1, the delayed fluorescence completely
decays within 100 ms. Therefore, the emission beyond 100 ms can be considered
phosphorescence, while the emission before 100 ms consists of both fluorescence and
delayed fluorescence. Their respective proportions are estimated to be 0.41 and 0.59
based on the integrated area ratio (Figure S10a). Furthermore, from the transient PL
decay spectra of delayed fluorescence in complex 1, the proportions of delayed
fluorescence and fluorescence are estimated to be 0.48 and 0.11, respectively (Figure



S10b). Using ®p, along with these fluorescence and delayed fluorescence ratios, ®tapr
and ®¢ are calculated to be 0.409 and 0.093, respectively. Using Equations 3 and 4, kisc
and kgisc are determined to be 4.0 x 108 s™" and 358.7 s™", respectively.
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Figure S10 (a) Transient PL decay spectra of complex 1 and the proportions of (i) the total delayed
fluorescence and fluorescence and (ii) phosphorescence, calculated based on the integrated area; (b)
Transient PL decay spectra of delayed fluorescence in complex 1 and the proportions of delayed

fluorescence, fluorescence calculated based on the integrated area.

The temperature-dependent transient PL decay curves of complex 1 were measured
as shown in Figure S10, the results indicate that the delayed fluorescence of compound
1 disappears at 158 K, while the phosphorescence exists from 298 K to 77 K. In this case,
we can apply a Boltzmann-type equation to characterize the temperature dependence of
the emission decay time 1(T) according to!3:14

AE(S, - T1))

3+ exp| -
p( kT

©o(T) =

AE(S{-T
3k(T,) + k(Sl)exp(—g)

kT

Herein, AE(S1—T,) refers to the energy separation between the S; and T, states. k(S,)
and k(T,) are the rates of the S; — Sy and T4 — Sy transition, respectively. kg is the
Boltzmann constant. We selected the delayed fluorescence lifetime of complex 1 from
298 K to 178 K and the phosphorescence lifetime from 158 K to 77 K as fitting data. The
fitting results are shown in the figure below. The fitted AEst value (0.195 eV) agrees well
with both the calculated value by TD-DFT (0.08 eV) and the estimated value from the
emission spectra (0.2 eV).
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Figure S11 (a) Temperature dependence of delayed fluorescence decay times for complex 1 (178-278
K); (b) Temperature dependence of phosphorescence decay times for complex 1 (98-278 K); (c)
emission decay time vs temperature (red dots) and the fit (red line) of complex 1.

8. NMR. Mass and HPLC spectra
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Figure S12 'H NMR spectrum of complex Phen-Tpa in DMSO-d6.
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Figure S13 3C NMR spectrum of complex Phen-Tpa in DMSO-d6.
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Figure S14 '"H NMR spectrum of complex 1 in DMSO-d6.
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Figure S15 3C NMR spectrum of complex 1 in DMSO-d6.
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Figure S16 Mass spectra of complex 1.
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Figure S17 The HPLC spectra of the THF-dissolved Phen-Tpa monitored at 290 nm with the

acetonitrile-water-THF mixed eluent. Generally, 2 mg of Phen-Tpa was dissolved in 30 ml of THF, 5 uL

of the solution was then added into the 1 mL of eluent with certain ratio.
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