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Table S1 Crystallographic details for the isolated Cu' and Ag' complexes.

Compound 1.CHCI, 2.CH;0H 3.CH;0H 4.CH;0H 5.CH;0H 6.CH;0H

Formula CusH39B1Cl3Cu F4N4P,S, Cs9Hs3B1Cu F4N,O4, P35S, CaoHs5oB1Cu F4N,O,P,S, Ce1Hs7B1Cu F4N,O, P35Sy CsoHs3Ag1N304P5S, Ce1Hs7Ag1N304P3S
Formula weight 1018.62 1081.42 987.34 1109.47 1100.94 1129.00

Crystal system Triclinic Triclinic Triclinic Triclinic Triclinic Triclinic
Temperature 295 K 295 K 100(2) K 295 K 295 K 295 K

Wavelength 0.71073 A 0.71073 A 0.71073 A 0.71073 A 0.71073 A 0.71073 A

Space group P1 P1 P1 P1 P1 P1

Unit cell dimensions

a=13.1382(8) A
b=14.4016(9) A
c=14.7271(13) A
a=118.761(3)°
6=102.731(5)°
y=91.598(4)°

a=12.5375(5) A
b=13.8679(5) A
c=16.2676(6) A
a=91.247(2)°

6 =108.579(2)°
y =90.431(2)°

a=11.8722(8) A
b=14.4982(10) A
c=153775(11) A
o = 69.538(3)°

8= 75.633(3)°

y = 85.560(4)°

a=12.7182(5) A
b=14.0670(6) A
c=16.3036(6) A
a=91.436(2)°
6=110.236(2)°
7=90.267(2)°

a=12.6902(6) A
b=13.9321(6) A
c=16.2986(8) A
a=90.674(3)°
8=109.412(3)°
y=91.674(2)°

a=12.7507(4) A
b= 14.0470(5) A
¢ = 16.5484(6) A
a=91.487(2)°
6=111.143(2)°
y=92.621(2)°

Volume 2353.3(3) N 2680.10(18) A 2402.4(3) A 2735.65(19) A 2715.9(2) A® 2758.68(17) A
z 2 2 2 2 2 2

Absorption coefficient (u) 0.843 mm™ 0.592 mm™ 0.665 mm™ 0.582 mm™ 0.547 mm™ 0.540 mm™
Density (calculated) 1.43743 Mg/m’ 1.340 Mg/m® 1.365 Mg/m° 1.347 Mg/m® 1.346 Mg/m® 1.359 Mg/m®

Crystal size

0.19 x 0.25 x 0.42 mm

0.31x0.34 x0.42 mm

0.16 x 0.14 x 0.06 mm

0.31x0.36 x0.40 mm

0.23%x 0.26 x 0.34 mm

0.32 x0.33 x0.45 mm

Theta range for data collection

1.608 to 26.911°

1.714 to 30.655°

2.332t0 27.520°

1.332t0 28.903°

1.325t0 33.323°

1.321to0 29.798°

F(000)

1040

1120

1024

1152

1136

1168

Reflections collected

67144

54104

32418

48373

100427

75227

Independent reflections

10182 [R(int) = 0.044]

16311[R(int) = 0.050]

10986 [R(int) = 0.0519]

14219 [R(int) = 0.047]

20603[R(int) = 0.042]

14469 [R(int) = 0.030]

Completeness up to theta

100.0% (theta=26.911°)

99.4% (theta=25.137°)

99.8% (theta=25.242°)

99.6% (theta=28.036°)

98.4% (theta=32.323°)

98.7% (theta=25.030°)

Data/restraints/parameters

5762/0/555

8508/0/645

10986/0/583

7702/19/663

9123/0/637

8754/0/658

Goodness-of-fit on F2

1.0474

0.9985

1.061

1.0661

1.000

0.9991

Final R indices [I1>20(l)]

R;=0.0601, wR,=0.0967

R;=0.0647, wR1=0.1154

R;=0.0437, wR,=0.1177

R;=0.0546, wR,=0.1073

R;=0.0383, wR,=0.0721

R;=0.0523, wR1=0.0970

R indices (all data)

R,=0.1468, wR,=0.2104

R,=0.1117, wR,=0.1323

R,=0.0503, wR,=0.1227

R,=0.0981, wR,=0.1235

R,=0.0770, wR;,=0.0952

R,=0.0987, wR,=0.1148

Final weighting scheme

W=W' % [1 - (AFobs / 6 X AF et)?]?

W=[PoTo'(X) + P1T1'(X) + ..Pna T

-1
1'(x)]
where X=F caic?/F caic*max and

Po - Pn1=1.25,1.25,0.181

W=(1/4Fobsz) x1

w=1/[c*(F0*)+(0.0695P)*+1.28P]
where P=(Max(F02,0) +2*Fc?)/3

W=W’x [1 - (AFgps / 6 X AF 1)
W=[PoTo'(X) + P1T1'(X) +...Ppna T
A

where X=F c;ic*/F caic*max and

Po-P,1=3.08,3.73,1.26

W=(1/4Fobsz) x1

W=(1/4Fobsz) x1

Largest diff. peak and hole

0.63, -0.41eA’®

0.82, -0.62e.A’®

1.135, -0.527 e.A”

0.86, -0.72 e.A®

1.27, -0.51e.A®

1.51, -0.61e.A®
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Table S2 Energetic and geometrical parameters in the selected media and visualization of the two
tautomeric forms of the sulfur-ligands as they resulted from DFT calculations.

pyth thione

pymtH i)

dmpyth thione

dmpymtH g,

4 9 )j}';
9 P
Eopir -662.0531 -662.0576 -740.6039 -740.6061
Hartrees
Cip-Sihione = 1.65797 A - Cip=Sthione = 1.66211 A -
- Cip-Stnio = 1.76431 A - Cip-Stniol = 1.76804
£ A
2 - Swmio-H = 134422 A - Stioi-H = 1.34425 A
S N;-H=1.01314 A - N;-H=1.01359 A -
Cip-N| = 1.39569 A Cip-N, = 1.33427 A Cip-N; =1.39247 A | Ci,-N; =1.33104 A
Cip-N, = 1.36851 A Cip-N, = 1.33414 A Cip-N, =1.36331 A | C;,-N, =1.33054 A
Eopir -662.0809 -662.0695 -740.6282 -740.6161
Hartrees
Cip-Sihione = 1.68796 A Cip-Shione = 1.69165 A -
- Cip-Stnio = 1.76791 A - Cip-Sthiol = 1.77172
= A
o - Swio-H = 135905 A - Sio-H = 1.35871 A
R N,-H=1.02878 A - H=1.02732A -
Cip-N, = 137711 A Cip-N; =1.33312 A Cip-N, = 137647 A | Ci,-N, =1.32989 A
Cip-N, = 1.35548 A Cip-N, =1.33455 A Cip-N, =1.35012A | Cy,-N, =1.33126 A
Eopis -662.0846 -662.0709 -740.6316 -740.6174
Hartrees
Cip-Shione = 1.69256 A Cip-Sthione = 1.69597 A -
- Cip-Sthiol = 1.76886 A - Cip-Stniol = 1.77251
o A
S - Suio-H = 1.36139 A - Suio-H = 1.36099 A
= N,-H=1.03108 A - -H = 1.02986 A -
Cip-N, = 137517 A Cip-N, = 1.33288 A Cip-N; = 137401 A | Ci,-N, =1.32958 A
Cip-N, = 1.35355 A Cip-N; = 1.33460 A Cip-N, =134872 A | C,-N, =1.33140 A
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Table S3 Geometrical parameters of the optimized structures for the isolated [Ag(PPhs),(pymtH)]" (7)
and [Ag(PPhs);(pymtH)]" (5) and the expected [Ag(PPhs),(pymtH),]" products.

[Ag(PPh;) (pymtH)]" (7)

[Ag(PPh3),(pymtH),]"

[Ag(PPh;);(pymtH)]" (5)

1 /:?./

s

Ag-S =2.59843 A

Ag-S, =2.69371 A

Ag-S =2.78708 A

Ag-P,=245015 A

Ag-S,=2.72814 A

Ag-P, =2.53540 A

Ag-P, =2.46475 A

Ag-P, =2.49245 A

Ag-P, =2.57620 A

Ag-N, =3.26057 A

Ag-P, =2.48423 A

Ag-P;=2.54077 A

Ci,-S=1.68331 A

Cip-S1 = 1.70525 A

Cyp-S = 1.68567A

N;-H=1.01461 A

C31-82 =1.70822 A

Cip-Nl =1.37976 A

Cyp-N; = 1.37969 A

Cip-N3 = 1.37063 A

Cyp-N, = 1.35470 A

Cp-N, = 1.35299 A

Cip—N4 =1.34515 A

S-Ag-P, = 103.30°

S-Ag-P, = 114.40°

Ciyp-N, = 1.37103 A

S-Ag-P, = 93.00°

S-Ag-P, = 113.09°

Cyp-N| = 134379 A

S-Ag-P; = 98.64°

P 1 -Ag-PZ =132.47°

Sz-Ag-Pz =110.67°

Pz-Ag-P3 =120.44°

Si-Ag-P, =104.14°

Pl-Ag-Pg, =120.60°

Sz-Ag-Pl =103.71°

P,-Ag-P, =112.71°

S,-Ag-P, = 113.17°

P,-Ag-P, = 125.51°
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Table S4 Geometrical parameters

of the

optimized structures for the

isolated

[Ag(PPh;);(dmpymtH)]" (6) and the expected [Ag(PPh;),(dmpymtH),]" products resulted from

DFT calculations.

[Ag(PPh;),(dmpymtH),]"

[Ag(PPh;);(dmpymtH)|" (6)

i
4

Ag-S; =2.69500 A

Ag-S =2.66402 A

Ag-S, =2.69016 A

Ag-P, =2.56414 A

Ag-P, =2.50405 A

Ag-P;=2.55924 A

Ag-P,=2.50106 A

Ag-P, =2.54357 A

Cyp-S1 = 1.71567 A

Cip-S=1.69118A

Cip-S, = 1.71206 A

Cip-Np = 1.37695 A

Cyp-N; = 136829 A

Cyp-N| = 134763 A

Cyp-N,4 = 133826 A

S-Ag-P; = 106.30°

Cip-N; = 1.33402 A

S-Ag-P; =95.83°

Cyp-N, = 137085 A

S-Ag-P, = 110.59°

Si-Ag-P, =112.27°

P,-Ag-P, = 113.29°

S,-Ag-P, = 107.95°

P3-Ag-P2 =117.97°

S,-Ag-P, = 107.39°

Pl-Ag-P3 =110.38°

Sz-Ag-Pz = 111060

Pl-Ag-Pz = 119370
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Table S5 Geometrical parameters for the two Cu'-pymtH-cations resulted from DFT calculations.

[Cu(PPh3),(pymtH),]" (1)

[Cu(PPhy)3(pymtH)] * (2)

Cu-S; =2.41485 A

Cu-S=2.52914 A

Cu-S, =2.42846 A

Cu-P, =2.36001 A

Cu-P,=23381 A

Cu-P; =2.37649 A

Cu-P, =2.32289 A

Cu-P, =2.42174 A

Cip-S1 = 1.70402 A

Cip-S=1.69243 A

Cip-S, = 1.70895 A

Cip-N, = 1.35194 A

Cip-N3 =1.36960 A

Cip-N; = 1.37706 A

Cip-Ny =1.34322 A

S-Cu-P; =101.32°

Cip'Nl =1.34557 A

S-Cu-P, =103.99°

Cp-N, = 1.36917 A

S-Cu-P, =95.25°

S;-Cu-P; =110.21°

P,-Cu-P, =112.12°

S,-Cu-P; =102.81°

P;-Cu-S;5 = 101.32°

S1-Cu-P, =104.41°

PI-CU-S75 = 103990

S,-Cu-P, =112.20°

Pl-Cu-S75 = 110210

Pz-cu-880 = 112200
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Table S6 Geometrical parameters for
calculations.

the two Cu'-dmpymtH-cations resulted from

DFT

[Cu(PPh;),(dmpymtH),]|" (3)

[Cu(PPh3)3(dmpymtH)] * (4)

Cu-S,=2.41485 A

Cu-S=2.41280 A

Cu-S, =2.42846 A

Cu-P, =2.39437 A

Cu-P, =2.3381 A

Cu-P; =2.37665 A

Cu-P, =2.32289 A

Cu-P, =2.40110 A

Cyp-S, = 1.70402 A

Cip-S = 1.69490 A

Cyp-S1 = 1.70895 A

Cyp-N, = 137445 A

Cp-N; = 1.33656 A

Cp-N; = 1.34652 A

Cp-N, = 1.36791 A

S-Cu-P; =111.76°

Cp-N; = 1.36619 A

S-Cu-P, = 106.98°

Cyp-N, = 1.33914 A

S-Cu-P, =95.22°

Sl—Cu—Pl =113.55°

P 1 —Cu—P2 =108.97°

S,-Cu-P; =106.60°

P;-Cu-S=111.76°

S;-Cu-P, =103.94°

P,-Cu-S =95.22°

S,-Cu-P, = 109.66°

P-Cu-S =106.98°

P,-Cu-S, =110.21°

P;-Cu-S, =112.20°
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Table S7 NBO atomic charges for the ligands and the studied Ag'-cations.

qs Aqs® qnpyr Aqnpyr qr Agp’ qag

pymtH 016 - i-046F - i - i - i -
dmpymtH -0.18 - -0.49 - - - -
PPh, B T

[Ag(PPhs)y(pymtH)]" (7) | -0.13 § +0.03 { -0.48 | -0.02 { +0.95 | +0.04 i +0.29

[Ag(PPhy)y(pymtH),]" | -0.17 : -0.01 : -0.46 ; +0.00 : +0.98 ; +0.07 ; +0.019

: : : £ 40.94 1 +0.03
[Ag(PPh3);(pymtH)]" (5) | -0.17 i -0.01 i -0.49 | -0.03 i +0.95 i +0.04 | +0.20
j : : :+0.95 1 +0.04 :
[Ag(PPhs),(dmpymtH),]" | -0.20 i -0.02 { -049 { 0.00 i +0.98 i +0.07 i +0.03
-0.19 : -0.01 § : : : :
+0.97 | +0.06
[Ag(PPh;);(dmpymtH)]" (6) | -0.11 | +0.07 | -0.49 | +0.00 | +0.97 | +0.06 | +0.06
+0.98 | +0.07

* AQs (= qscoordinated thione — Jsfree thione) Tefers to the difference in the nbo charge of the sulfur atom
between the coordinated and the respective free thione.

b AQp (= Qpeoordinated phosphine — JPfree phosphine) T€fers to the difference in the nbo charge of the phosphorus
atom between the coordinated PPh; and the free phosphine.
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Table S8 Frontier MOs representation (0.02 isovalue) for the optimized Cu' and Ag' complexes.

Complex cation HOMO-1 HOMO LUMO LUMO+1

bz

J‘.}J s

[Cu(PPh;)(pymtH),]" (1)

[Cu(PPh;)s(pymtH)]" (2)

[Cu(PPh;),(dmpymtH),]"
3)

[Cu(PPhs);(dmpymtH)]" (4)

[Ag(PPhs); (pymtH)]" (5)

[Ag(PPh3)3(dmpymtH)]” (6)

[Ag(PPh;), (pymtH)]" (7)

[Ag(PPh;)2(pymtH),]"

[Ag(PPh;),(dmpymtH),]
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Normalized Intensity
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Figure S1. Normalized absorption spectra of Cu'-pymtH complexes (left diagram) and two of the

isolated Ag'-complexes (right diagram) in dichloromethane.
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Figure S2. Normalized absorption intensity of PPhs, pymtH and dmpymtH in dichloromethane and

normalized emission intensity of dmpymtH in dichloromethane (Acx. = 350 nm).
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FPh3
1.00 [Ag(PPhI3(pymtH NGOG (6)
[Ag(PPhII2(pyrmtH)NCE (5)
——— [AQ(PPh33( mpymtH)INO3 (7)
0.80 + [CufPPh3)2(pymiHi2)BF4 (1)
[CulPPh3)3(pyrmiH)BFS (2)
> [CufPPh3i2(dmpymtH)2]BF4 (3)
g 0.60 1 [Cu(PPR3)3(d mpyrmtH)JBF4 (4)
2
£
T 040 -
N
®
E
o 0.20 A
=
0.00 - 7 v v
330 430 530 630

nm

Figure S3. Normalized emission of the Cu(I) and Ag(I) complexes under study in dichloromethane
after photoexcitation at 300 nm. Emission of PPh; in dichloromethane (black line, A = 300 nm) is
also given for comparison reasons.
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Excitation E/eV A/nm Orbital Nature Character OS, f

HOMO — LUMO 2776 447 3dcu/Teen — T pyman MLCT/LLCT 0.0014
HOMO — LUMO+1, HOMO-1 — LUMO 2842 436 3dcu/Tems — TF yma MLCT/LLCT 0.0266
HOMO — LUMO+1, HOMO-1 — LUMO+1, HOMO-2 — LUMO+1 ~ 2.872 432 3dcu/Tppns — T* oymur) MLCT/LLCT 0.0005
HOMO-2 — LUMO 2930 423 3dcy — T pyma) MLCT 0.0021
HOMO-1 — LUMO+1, HOMO-2 — LUMO+1 3.021 411 3dcu/Teem — T yma MLCT/LLCT 0.0014
HOMO-2 — LUMO+2 3675 337 3dcy — T gy MLCT 0.0227
HOMO-7 — LUMO, HOMO-1 — LUMO+3 3.832 323 Wpps — T ymi) LLCT 0.0225
HOMO — LUMO+4 4367 284 3dcu/Teem — T peg) MLCT/IL 0.0968
HOMO-3 — LUMO+3 453 273 Sde/mems/Mipman = MLCT/LLCT/IL 0.0777

T (pymuty)

0.130

041609
0.51249
045155
0.52872
-
‘.ri‘*
.

g LUMO+2 » 1
33 G 0.105
4 Y 2
2 §§ 1,2;3: ? £
= i . D P, s
% = Cedp § 0801 0.090
3 3 k]
1 2% [
E
S
z

059514
o o
Gy

0.075

0.60 4

0.060

0.40 4 0.045

Y \ & : LUMO
0.030

0.204

0.015
¥ HOMO-7

A =447 nm
436 nm
A=410nm
337 nm
284 nm

A=432nm
A
k)

0.00 0.000

A

250 350 450 550 650
Wavelength, nm

Figure S4 Up: Selected vertical excitations in the absorption spectra of [Cu(PPhs),(pymtH),]" (1)
calculated at the PBEIPBE/6-31G(d),SDD level of theory. Down left: Representation of MOs of
[Cu(PPh3),(pymtH),]" (1) involved in selected singlet-singlet transitions along with the calculated
excitation wavelengths and CI coefficients. Down right: Experimental absorption spectrum of
[Cu(PPh;),(pymtH),]" (1) along with the calculated excitation energies appearing as vertical lines.
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