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Experimental. 

NMR spectra were recorded on a Bruker AVANCE spectrometer operating at 300 MHz for 1H and 121.5 MHz 

for 31P with residual protic solvent used as internal standard. 

Synthesis. 

 

 
Scheme S1. Synthetic route to complex [Ag(dmp)(dpep)]+PF6

─ 
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[Ag(dmp)(dpep)]+PF6
─ A mixture of AgPF6 (150 mg, 0.587 mmol) and bis-[2-(diphenylphosphino)phenyl] 

ether (323 mg, 0.587 mmol) in CH2Cl2 (20mL) was stirred at room temperature for 4 h. Then a solution of 

2,9-dimethyl-1,10-phenanthroline (129 mg, 0.587 mmol) in CH2Cl2 (5 mL) was added and the mixture was 

left to stir overnight. Afterwards the mixture was filtered, the clear yellow filtrate was concentrated to ca. 5 

mL and n-hexane (10 ml) was added. The precipitated product was filtered out and dried in vacuo. Yield 65 

%. 1H NMR (300 MHz, CDCl3): δ 8.36 (2H, d, J = 8.4 Hz), 7.89 (s, 2H), 7.58 (2H, d, J = 8.4 Hz), 7.33-7.24 

(5H, m), 7.19-7.03 (18H, m), 6.93-6.82 (5H, m), 2.49 (s, 6H); 31P NMR (121.44 MHz, CDCl3): δ -7.19, -

143.62 (PF6
−). Calc. for C50H40AgF6N2OP3: C, 60.07; H, 4.03; N, 2.80. Found: C, 60.51; H, 4.12; N, 2.64. 

 

X-ray diffraction study. 

A translucent colorless irregular-shaped crystal with dimensions 0.21×0.15×0.09 mm3 was mounted on a 

MITIGEN holder with inert oil. Data were collected using a SuperNova, Single source at offset, Atlas 

diffractometer equipped with a low-temperature device operating at T = 123.00(10) K.  

Data were measured using scans 1.0° per frame for 1.0 s using Cu K 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  = 73.67. Cell parameters were retrieved using 

the CrysAlisPro (Agilent) software and refined using CrysAlisPro (Agilent) on 8006 reflections, 44 of the 

observed reflections. Data reduction was performed using the CrysAlisPro (Agilent) software which corrects 

for Lorentz polarization. The final completeness is 95.40 out to 73.67 in . The absorption coefficient () of 

this material is 5.954 and the minimum and maximum transmissions are 0.73717 and 1.00000.  

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 olex2.refine (Bourhis et al., 2015). All 

non-hydrogen atoms were refined anizotropically. Hydrogen atom positions were calculated geometrically 

and refined using the riding model. 

 

 

 
Figure S1. Perspective view (OLEX-21 plot with 50% 
probability thermal ellipsoids) of the newly 
synthesized complex [Ag(dmp)(dpep)]+PF6

─. 
Hydrogens are omitted for clarity. 
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Table S1. Comparison of selected geometry parameters of [Ag(dmp)(dpep)]+PF6
─ 

determined experimentally by an X-ray diffraction study and calculated at the M06/def2-SVP 

level of theory in the optimized ground state (S0) and triplet state (T1) geometries under gas 

phase conditions. Atom numbering corresponds to the one shown in Figure 1. 

Parameters X-Ray (with esd) S0 (M06/def2-SVP) T1 (M06/def2-SVP) 

Bonds (Å) 

Ag-N1 2.360(3) 2.369 2.367 

Ag-N2 2.351(2) 2.445 2.453 

Ag-P1 2.4306(8) 2.516 2.522 

Ag-P2 2.5218(7) 2.537 2.530 

Angles (degreeo) 

N1-Ag-P1 126.3(1) 120.380 118.591 

N1-Ag-P2 113.02(8) 122.454 124.488 

N2-Ag-P1 129.54(8) 119.154 118.375 

N2-Ag-P2 99.91(7) 104.927 106.147 

N1-Ag-N2 71.35(11) 70.370 69.821 

P1-Ag-P2 110.20(3) 111.590 111.504 

Dihedral angles (degreeo) 

C1-N1-Ag-P1 50.3(3) 61.848 61.105 

C1-N1-Ag-P2 90.7(3) 89.587 90.647 

C2-N2-Ag-P1 56.5(3) 64.423 68.033 

C2-N2-Ag-P2 70.3(3) 61.364 58.132 

 

Photophysics. 

Photophysical measurements were performed for a [Ag(dmp)(dpep)]+PF6
─ doped PMMA film deposited in 

a helium cryostat (Cryovac Konti Cryostat IT). 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. The sample was excited with THORLABS M310D2 - Deep UV (λexc 

= 310 nm) pulsed LED equipped with a THORLABS LA4052-UV lens. The pulse duration was set to 10 s 

with repetition adjusted for the full emission decay curve to be observed. The excitation source was triggered 

by a digital delay generator DG645 (Stanford Research Systems). 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.  
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Figure S2. Emission spectrum of 
[Ag(dmp)(dpep)]+PF6

─  measured for a doped 
PMMA film at T = 77 K. Dopant concentration c << 1 
wt. %. The vibrational progression is of about 1400 

cm−1. 
 

Calculations. 

 

M062/def2-SVP3,4 level of theory with “tight” criteria was applied for geometry optimizations and 

M062X2/def2-SVP level of theory was applied for time-dependent calculations, all using the Gaussian 09D5 

program.  

 

Table S2. Excited state properties of [Ag(dmp)(dpep)]+ obtained from TD-DFT calculations 

(M062X/def2-SVP) for the gas phase relaxed geometry of the lowest excited triplet state (T1).  

State 

 

Energy 

(eV) 

 

Main contributions 

 

Oscillator 

strength 

 

Character 

 

S1 3.85 HOMO−1→LUMO (67%), HOMO→LUMO 

(25%), HOMO−1→LUMO+1 (3%) 

0.2441 LdmpC 

+  

LdpepLdmpCT 

S2 3.92 HOMO−1→LUMO+1 (53%), HOMO→LUMO+1 

(24%), HOMO−11→LUMO (5%), 

HOMO−5→LUMO (4%), HOMO−1→LUMO 

(3%) 

0.0278 LdmpC  

+  

LdpepLdmpCT 

S3 4.14 HOMO→LUMO (68%), HOMO−1→LUMO 

(26%) 

0.0003 LdpepLdmpCT  

+ 

LdmpC 

S4 4.41 HOMO→LUMO+1 (32%), HOMO−13→LUMO+1 

(15%), HOMO−1→LUMO+1 (11%), 

0.0258 LdpepLdmpCT  

+ 

LdmpC 
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HOMO−14→LUMO+1 (11%), HOMO→LUMO 

(6%). 

T1 2.34 HOMO−1→LUMO (75%), HOMO→LUMO 

(19%)  

0 LdmpC 

+  

LdpepLdmpCT 

T2 3.24 HOMO−1→LUMO+1 (68%), HOMO→LUMO+1 

(21%), HOMO−17→LUMO (3 %) 

0 LdmpC 

+  

LdpepLdmpCT 

T3 3.90 HOMO−11→LUMO (27%), HOMO−5→LUMO 

(21%), HOMO−1→LUMO+6 (9%), 

HOMO−10→LUMO (8%), HOMO−4→LUMO 

(5%), HOMO−12→LUMO (4%), 

HOMO−7→LUMO (3%), HOMO−9→LUMO 

(3%), HOMO−1→LUMO+1 (3%), 

HOMO→LUMO+6 (2%) 

0 LdmpC  

+ 

LdpepLdmpCT  

 

 

 

 

 

 

 

 

 

Table S3. Orbital energies and characters resulting from 

Mulliken population analysis calculated for 

[Ag(dmp)(dpep)]+ at the M062X/def2-SVP level of theory 

at the lowest triplet state (T1) optimized geometry. 

Orbital Energy, 

(eV) 

Contributions, (%) 

dmpa Ag P Ph.b 

LUMO+4 -2.35 2 4 12 82 

LUMO+3 -2.36 1 4 14 81 

LUMO+2 -2.53 1 7 10 82 

LUMO+1 -3.31 96 2 0 1 

LUMO -3.81 99 0 0 0 

HOMO -9.34 17 11 32 40 

HOMO−1 -9.58 83 2 5 10 

HOMO−2 -10.08 3 7 16 73 

HOMO−3 -10.11 2 4 9 85 

HOMO−4 -10.56 6 0 1 93 

a) 2,9-dimethyl-1,10-phenanthroline ligand (dmp)  

b) phenyl groups of the dpep ligand including diphenyl ether  
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Table S4. Iso-surface contour plots (iso-value = 0.05) and energies of the molecular orbitals 

relevant to the lowest excited states of [Ag(dmp)(dpep)]+ as calculated at the M062X/def2-SVP 

theory level in the lowest triplet-state (T1) geometry. Hydrogens are omitted for clarity. 

  
 

LUMO+6 (−2.04 eV) LUMO+1 (−3.31 eV) LUMO (−3.81 eV) 

 

 
 

 
HOMO (−9.34 eV) HOMO−1 (−9.58 eV) HOMO−4 (−10.56 eV) 

 

 
 

 
HOMO−5 (−10.59 eV) HOMO−7 (−10.68 eV) HOMO−9 (−10.82 eV) 
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HOMO−10 (−10.83 eV) HOMO−11 (−10.87 eV) HOMO−12 (−10.93 eV) 

 

   

HOMO−13 (−11.00 eV) HOMO−14 (−11.11 eV) HOMO−17 (−12.15 eV) 

 

 

 

Table S5. Calculated (M06/def2-SVP) gas phase geometry of [Ag(dmp)(dpep)]+ in cartesian (XYZ) 

coordinates 

Ground state (S0) Lowest triplet state (T1) 
C       -2.087482000      3.121718000     -3.903168000 

C       -2.634824000      4.383737000     -3.683480000 

C       -2.595454000      4.951062000     -2.409965000 

C       -2.004824000      4.261034000     -1.355201000 

C       -1.449555000      2.993422000     -1.569537000 

C       -1.501788000      2.426750000     -2.847315000 

C       -2.930035000      3.192604000      3.602447000 

C       -3.509550000      2.387935000      2.621279000 

C       -2.796329000      2.074468000      1.468423000 

C       -1.502010000      2.577485000      1.277737000 

C       -0.932953000      3.397767000      2.256197000 

C       -1.645149000      3.698045000      3.416709000 

C        2.306640000     -2.978664000     -0.257738000 

C        1.349841000     -3.835208000      0.307186000 

C        1.487862000     -5.214568000      0.194746000 

C        2.568843000     -5.751504000     -0.504892000 

C        3.509002000     -4.906153000     -1.087976000 

C        3.383178000     -3.522494000     -0.964725000 

C        2.821917000      0.389713000     -2.202038000 

C        3.255815000     -0.331721000     -1.085500000 

C       -1.938161000      3.145146000     -3.973259000 

C       -2.410715000      4.442578000     -3.789195000 

C       -2.335564000      5.042795000     -2.532454000 

C       -1.783689000      4.349824000     -1.458888000 

C       -1.303297000      3.046550000     -1.637732000 

C       -1.391045000      2.447427000     -2.898650000 

C       -2.772100000      3.454191000      3.530915000 

C       -3.391141000      2.649422000      2.574461000 

C       -2.697084000      2.271516000      1.429262000 

C       -1.382031000      2.709048000      1.221387000 

C       -0.772658000      3.529878000      2.174831000 

C       -1.466199000      3.894995000      3.327950000 

C        2.125372000     -3.071477000     -0.174654000 

C        1.124835000     -3.862824000      0.409323000 

C        1.182867000     -5.249343000      0.318142000 

C        2.226698000     -5.858428000     -0.379056000 

C        3.209844000     -5.077717000     -0.980735000 

C        3.164207000     -3.687293000     -0.879033000 

C        2.845051000      0.226317000     -2.177685000 

C        3.228902000     -0.500530000     -1.046450000 
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C        4.621352000     -0.352340000     -0.770152000 

C        5.535437000      0.326293000     -1.569961000 

C        5.093878000      1.040355000     -2.684159000 

C        3.737821000      1.074352000     -2.998376000 

C        2.305380000      0.391695000      2.236196000 

C        2.689311000      0.705011000      3.535320000 

C        3.408038000     -0.226019000      4.280884000 

C        3.729357000     -1.463216000      3.726495000 

C        3.337738000     -1.770233000      2.424779000 

C        2.623481000     -0.845503000      1.654621000 

C        1.470989000      3.854281000     -0.982311000 

C        2.794748000      4.289573000     -0.963236000 

C        3.706935000      3.693446000     -0.097046000 

C        3.305847000      2.672189000      0.762112000 

C        1.980925000      2.250422000      0.737383000 

C        1.041905000      2.827532000     -0.136001000 

C       -5.390050000     -2.955342000     -0.687897000 

C       -5.474897000     -2.634203000      0.630202000 

C       -4.184647000     -2.715400000     -1.419952000 

C       -3.066103000     -2.120663000     -0.786150000 

N       -1.927823000     -1.855849000     -1.460229000 

C       -1.803706000     -2.194824000     -2.736615000 

C       -2.863970000     -2.812322000     -3.434854000 

C       -4.049169000     -3.055753000     -2.781113000 

C       -3.144657000     -1.807796000      0.629314000 

C       -4.355288000     -2.067172000      1.316913000 

C       -4.390953000     -1.762598000      2.693623000 

C       -3.270726000     -1.262253000      3.312644000 

C       -2.095955000     -1.045768000      2.556478000 

N       -2.060334000     -1.305555000      1.256043000 

Ag      -0.384292000     -0.470063000     -0.315654000 

P       -0.618226000      2.055395000     -0.239374000 

P        2.012360000     -1.186250000     -0.047045000 

O        1.494865000      1.265201000      1.551375000 

H       -2.124090000      2.673545000     -4.899872000 

H       -3.100538000      4.928499000     -4.509369000 

H       -3.028650000      5.940208000     -2.237727000 

H       -1.971829000      4.711372000     -0.356697000 

H       -1.082307000      1.426464000     -3.011655000 

H       -3.486534000      3.433788000      4.512387000 

H       -4.522390000      1.997217000      2.757301000 

H       -3.249814000      1.429731000      0.703537000 

H        0.073006000      3.806559000      2.112086000 

H       -1.193989000      4.339592000      4.178954000 

H        0.486748000     -3.411491000      0.838952000 

H        0.742961000     -5.875535000      0.646279000 

H        2.673671000     -6.835625000     -0.601541000 

H        4.351884000     -5.325076000     -1.644619000 

H        4.127800000     -2.867120000     -1.427701000 

H        1.751352000      0.433334000     -2.437094000 

H        4.971982000     -0.897633000      0.113806000 

H        6.599881000      0.302664000     -1.320300000 

H        5.813243000      1.577870000     -3.308255000 

H        3.388497000      1.643198000     -3.864466000 

H        2.402248000      1.676806000      3.948466000 

H        3.710698000      0.013988000      5.303560000 

H        4.287178000     -2.198454000      4.312170000 

H        3.585098000     -2.749289000      1.999730000 

H        0.760423000      4.313377000     -1.677232000 

C        4.589128000     -0.597887000     -0.722412000 

C        5.546547000      0.010350000     -1.528126000 

C        5.154606000      0.730024000     -2.657213000 

C        3.804693000      0.840392000     -2.980086000 

C        2.291951000      0.345760000      2.250276000 

C        2.682495000      0.666672000      3.545493000 

C        3.344540000     -0.285143000      4.316887000 

C        3.602860000     -1.549692000      3.792001000 

C        3.204942000     -1.863844000      2.493894000 

C        2.547062000     -0.919173000      1.698227000 

C        1.660641000      3.764016000     -1.061533000 

C        3.005588000      4.128744000     -1.045562000 

C        3.880384000      3.509187000     -0.157388000 

C        3.421496000      2.534358000      0.726394000 

C        2.076356000      2.182504000      0.703925000 

C        1.173716000      2.784947000     -0.190398000 

C       -5.399726000     -2.924337000     -0.724775000 

C       -5.533607000     -2.482618000      0.668846000 

C       -4.217123000     -2.729645000     -1.423067000 

C       -3.100510000     -2.073654000     -0.789718000 

N       -1.982730000     -1.813554000     -1.430773000 

C       -1.801766000     -2.213163000     -2.724026000 

C       -2.823304000     -2.881173000     -3.407986000 

C       -4.026800000     -3.133429000     -2.778686000 

C       -3.211873000     -1.689966000      0.647898000 

C       -4.466441000     -1.896682000      1.329098000 

C       -4.515807000     -1.481393000      2.695428000 

C       -3.386670000     -0.976213000      3.298856000 

C       -2.192004000     -0.851512000      2.567740000 

N       -2.152050000     -1.194964000      1.252839000 

Ag      -0.426687000     -0.425131000     -0.311475000 

P       -0.525843000      2.102750000     -0.280050000 

P        1.931687000     -1.261565000     -0.000943000 

O        1.534423000      1.246162000      1.539696000 

H       -2.003542000      2.671375000     -4.956522000 

H       -2.846152000      4.989653000     -4.629937000 

H       -2.710425000      6.059835000     -2.388155000 

H       -1.722628000      4.825403000     -0.473488000 

H       -1.031706000      1.419917000     -3.035439000 

H       -3.313482000      3.745558000      4.435261000 

H       -4.419529000      2.307588000      2.724576000 

H       -3.181793000      1.624868000      0.685404000 

H        0.250792000      3.887139000      2.017484000 

H       -0.983175000      4.535942000      4.070908000 

H        0.290944000     -3.381796000      0.938947000 

H        0.404438000     -5.859422000      0.784508000 

H        2.268440000     -6.948152000     -0.458962000 

H        4.023745000     -5.552913000     -1.535291000 

H        3.942010000     -3.083182000     -1.356865000 

H        1.780484000      0.330492000     -2.420685000 

H        4.901765000     -1.148364000      0.172521000 

H        6.606338000     -0.073230000     -1.271656000 

H        5.908325000      1.211822000     -3.286246000 

H        3.494550000      1.413848000     -3.857971000 

H        2.444987000      1.661206000      3.935241000 

H        3.652146000     -0.039435000      5.336721000 

H        4.116063000     -2.300676000      4.398131000 

H        3.402516000     -2.863702000      2.091851000 

H        0.978741000      4.241006000     -1.772944000 
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H        3.112975000      5.094413000     -1.630463000 

H        4.748842000      4.025363000     -0.083350000 

H        4.018707000      2.198696000      1.443484000 

H       -6.238015000     -3.404248000     -1.213620000 

H       -6.394168000     -2.816183000      1.194975000 

C       -0.502209000     -1.900381000     -3.406828000 

H       -2.733564000     -3.082601000     -4.485711000 

H       -4.892581000     -3.519821000     -3.301971000 

H       -5.311902000     -1.943837000      3.256935000 

H       -3.271784000     -1.031574000      4.381161000 

C       -0.859786000     -0.514308000      3.200790000 

H        0.331245000     -2.359140000     -2.846727000 

H       -0.316074000     -0.812623000     -3.427172000 

H       -0.474590000     -2.271136000     -4.440615000 

H       -0.951159000     -0.476783000      4.295384000 

H       -0.644709000      0.507099000      2.838433000 

H        0.013125000     -1.138508000      2.941140000 

H        3.369612000      4.896969000     -1.732246000 

H        4.938328000      3.785866000     -0.145881000 

H        4.104553000      2.042485000      1.425078000 

H       -6.246215000     -3.408930000     -1.219658000 

H       -6.480789000     -2.634397000      1.194140000 

C       -0.478197000     -1.925295000     -3.338325000 

H       -2.658490000     -3.196807000     -4.441692000 

H       -4.841277000     -3.644399000     -3.300492000 

H       -5.452513000     -1.593079000      3.249886000 

H       -3.402319000     -0.672789000      4.349407000 

C       -0.934304000     -0.356754000      3.186685000 

H        0.332897000     -2.425843000     -2.776718000 

H       -0.258640000     -0.842255000     -3.311309000 

H       -0.429138000     -2.260217000     -4.383678000 

H       -1.053898000     -0.179679000      4.264980000 

H       -0.607063000      0.589427000      2.717255000 

H       -0.111966000     -1.082173000      3.040759000 
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