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1. IR Spectra
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Figure S1: ATR-IR spectrum of complex 1.
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Figure S2: ATR-IR spectrum of the crude product

S3

from the reaction between 1 and [AuCl(tht)].
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Figure S3: ATR-IR spectrum of complex 2.
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Figure S4: ATR-IR spectrum of complex 4.
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2. NMR Spectra
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Figure S5: 'H NMR (400 MHz, 298 K, CDCls) spectrum of complex 1.
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Figure S6: 3'P{*H} NMR (162 MHz, 298 K, CDCl3) spectrum of complex 1.
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Figure S7: 13C{*H} NMR (100 MHz, 298 K, CDCl3) spectrum of complex 1.
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Figure S8: 'H NMR (400 MHz, 298 K, CDCls) spectrum of the crude product from the reaction
between 1 and [AuCl(tht)]. (*) = H-grease.
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Figure S9: 3'P{*H} NMR (162 MHz, 298 K, CDCls) spectrum of crude product from the reaction

between 1 and [AuCl(tht)]. Traces of an impurity due to the oxidation of phosphine of LP" (*).
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Figure S10: 3C{*H} NMR (100 MHz, 298 K, CDCl3) spectrum of the crude product from the reaction
between 1 and [AuCl(tht)].
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Figure S11: *H NMR (400 MHz, 298 K, CDCls) spectrum of complex 2.
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Figure $12: 3'P{*"H} NMR (162 MHz, 298 K, CDCls) spectrum of complex 2.
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Figure $13: 3C{*H} NMR (100 MHz, 298 K, CDCls) spectrum of complex 2.
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Figure S14: 'H NMR (400 MHz, 298 K, CDCl3) spectrum of complex 4.
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Figure S15: 3'P{*"H} NMR (162 MHz, 298 K, CDCls) spectrum of complex 4.
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Figure $16: 3C{*H} NMR (100 MHz, 298 K, CDCl3) spectrum of complex 4.
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Figure S17: Stack of 3'P{*H} NMR (162 MHz, CDCl3) of reaction between complex 2 and [AuCl(tht)].

* = complex 4, + = possible intermediate.
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3. Single Crystal X-ray Diffraction

A suitable crystal was covered in mineral oil (Aldrich) and mounted on a glass fiber. The crystal
was transferred directly to the cold stream of a STOE IPDS 2 or a STOE StadiVari diffractometer.
All structures were solved by using the program SHELXS/T? and Olex2.® The remaining non-
hydrogen atoms were located from successive difference Fourier map calculations. The
refinements were carried out by using full-matrix least-squares techniques on F? by using the
program SHELXL.}? In each case, the locations of the largest peaks in the final difference Fourier
map calculations, as well as the magnitude of the residual electron densities, were of no chemical

significance.

Crystallographic data (excluding structure factors) for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre as a supplementary publication
number 2051757-2051760. Copies of the data can be obtained free of charge on application to
CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax: (+(44)1223-336-033; email:

deposit@ccdc.cam.ac.uk).

Refinement Details

Complex 3 has positive residual electron density (8.43*103) which is due to crystals are slightly
twinned, but neither Stoe Twin Integration nor manual search for suitable twin law were
successful. Problem seems to be caused by a disordered Ph,PAuCI group, at which a phenyl group
switches place with the AuCl moiety at est. 4-5%. So only the electron density of the disordered
gold atom can be located, which causes the error. Due to low intensity compared to the Au atom,

modelling of the remaining disordered group failed.

Complex 4 have disordered non-coordinating thf molecules which could not be modeled
satisfactorily and were therefore removed from the electron density map using the Olex2 solvent

mask routine.3
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4. Table S1: Crystal data and structure refinement.

Compound 1 2 3 4
Formula Ca8H36N204P2Zn | C40H36N204P2Zn | C134H100AusCleN4012P6Zn3 | C110H100Au6ClsN4O12P6Zn3
Dcale./ g cm3 1.380 1.359 1.820 1.769
H/mm-1 0.741 0.815 7.197 10.453
Formula Weight 832.10 736.02 3734.60 3446.36
Colour colourless colourless colourless colourless
Shape block plate prism block
Size/mm3 0.46x0.39x0.29 | 0.36x0.20x0.05 0.20x0.13x0.06 0.07x0.05x0.03
T/K 150 100 100 180
Crystal System triclinic orthorhombic triclinic triclinic
Space Group P-1 Aea? P-1 P-1
a/A 10.3183(5) 26.0998(8) 11.1558(5) 13.2692(3)
b/A 14.3647(8) 17.2345(4) 17.0682(7) 16.5355(3)
c/A 15.5865(8) 7.9957(2) 19.4466(8) 16.8719(3)
af° 110.168(4) 67.913(3) 106.060(2)
B/ 101.993(4) 84.830(3) 104.914(2)
¥/ 103.328(4) 83.908(3) 104.036(2)
V/A3 2003.08(19) 3596.60(16) 3406.6(3) 3235.46(12)
Z 2 4 1 1
A 1 0.5 0.5 0.5
Wavelength/A 0.71073 0.71073 0.71073 1.34143
Radiation type Mo K« Mo K« Mo Ka Ga Ko
Onin/° 1.599 2.489 2.264 2.881
Omax/° 29.217 29.490 29.642 63.999
Measured Refl. 20291 33626 31566 34599
Independent Refl. 10736 4327 16242 15365
Reflections with I > 8854 4051 13536 13813
2(1)
Rint 0.0150 0.0302 0.0266 0.0267
Parameters 514 222 823 664
Restraints 0 1 192 0
Largest Peak 0.549 1.255 8.431 1.923
Deepest Hole -0.310 -0.438 -3.259 -2.207
GooF 1.043 1.017 1.045 1.059
WR> (all data) 0.0819 0.0951 0.1651 0.1174
WR2 0.0785 0.0929 0.1581 0.1157
R;: (all data) 0.0403 0.0382 0.0702 0.0422
Ri 0.0303 0.0351 0.0591 0.0399
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5. Crystal Structures

Figure S18: Molecular structure of 1 in the solid state with thermal ellipsoids at the 40%
probability. H atoms and non-coordinating solvent molecules are omitted for clarity. Selected
bond distances (A) and angles [°]: Zn-N1 2.0667(12), Zn-O1 1.9207(10), Zn-N2 2.0868(12), Zn-
03 1.9809(10), Zn-04 2.4785(11), 01-C11 1.2873(2), 02-C11 1.231(2), 03-C30 1.275(2), O4-
C30 1.240(2); 01-Zn-03 127.40(5), 01-Zn-04 101.73(4), 03-Zn-04 57.73(4), 03-Zn-04
57.73(4), 02-C11-01 123.72(13), 04-C30-03 121.73(13).
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Figure S19: Molecular structure of 2 in the solid state with thermal ellipsoids at the 40%
probability. H atoms and non-coordinating solvent molecules are omitted for clarity. Selected
bond distances (A) and angles [°]: Zn-N 2.056(3), Zn-O1 1.939(2), 01-C6 1.286(4), 02-C6
1.235(4); 01-Zn-01’ 118.3(2), N-Zn-N’ 79.7(2), 02-C6-01 122.5(3).

515



b

ece

Figure S20: Left: molecular structure of complex 3 in the solid state with thermal ellipsoids at
the 40% probability. Right: molecular structure of complex 3 with omitted, bipyridines and
phenyl groups for clarity. Hydrogen atoms are omitted for clarity. Selected bond lengths (A)
and angles [°]: Aul-CI1 2.283(2), Au2-CI2- 2.27(2), Au3-CI3 2.296(3), Aul-P1 2.220(2), Au2-P2
2.16(2), Au3-P3 2.224(2), Zn1-01 2.279(6), Zn1-02 2.137(5), Zn1-03 2.022(5), Zn1-06
2.029(5), Zn1-N1 2.114(6), Zn1-N2 2.159(6), Zn1-C1 2.535(7), Zn2-02 2.182(5), Zn2-02
2.182(5) Zn2-04 2.068(5), Zn2-04 2.068(5), Zn2-O5 2.053(5), Zn2-O5 2.053(5), 01-C1
1.228(9), 02-C1 1.290(9), 03-C2 1.255(9), 04-C2 1.253(8), O5-C3 1.250(9), 06-C3 1.263(9);
P1-Aul-Cl1178.97(8), P2-Au2-Cl2 169.9(8), P3-Au3-ClI3 177.34(9), 01-C1-02 121.2(7), O4-C2-
03 127.5(7), 05-C3-06 126.3(6).
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Figure S21: Left: molecular structure of complex 4 in the solid state with thermal ellipsoids at
the 40% probability. Right: molecular structure of complex 4 with omitted, bipyridines and
phenyl groups for clarity. Hydrogen atoms are omitted for clarity. Selected bond lengths (A)
and angles [°]: Au2-Au3 3.3512(3), Aul-Cl1 2.2810(11), Au2-Cl2 2.2845(11), Au3-CI3
2.2903(12), Aul-P1 2.2308(9), Au2-P2 2.2346(9), Au3-P3 2.2404(10), Zn1-O1 2.003(3), Zn1-
03 2.177(3), Zn1-05 2.150(2), Zn2-02 1.994(3), Zn2-03 2.056(3), Zn2-05 2.053(3), Zn2-N1
2.137(3), Zn2-N2 2.108(4), O1-C11 1.268(4), 02-C11 1.249(4), 03-C41 1.298(5), 04-C41
1.206(5), 05-C26 1.300(5), 0O6-C26 1.222(5); P1-Aul-Cl1 175.61(4), P2-Au2-Cl2 172.80(5), P3-
Au3-ClI3 175.05(5), 02-C11-01 126.1(3), 06-C26-05 124.1(3), 04-C41-03 123.3(4).
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6. Photoluminescence properties

All investigation of the photoluminescence (PL) properties were carried out under inert
atmosphere. The samples were therefore sealed in a “Young” NMR tube (material Suprasil®
quartz glass) using above mentioned glove box. As cooling agent for low temperature
measurements liquid nitrogen (77 K) was used with the sample being placed directly within
it. All emission and excitation spectra were recorded on a PTlI QuantaMaster™ 8075-22
fluorometer with each double excitation and emission monochromators (HORIBA Jobin Yvon
GmbH). For emission detection, a PMT detector R928 photomultiplier (HORIBA Jobin Yvon
GmbH) in the range of 250 nm —800 nm was used. All spectra were corrected for the
wavelength dependent response of the detector and the spectrometer. For detection of the
emission decay traces, the sample was excited with either a Delta Diode™ (HORIBA Jobin
Yvon GmbH, Model DD-370, Aexc = 370 nm, pulse width 800 ps) for fluorescence lifetimes or a
PTI XenonFLash™ (set before the emission monochromators, frequency 300 MHz) for
phosphorescence decay times. For determination of the lifetimes the obtained traces were
fit with an exponential decay curve using Origin(Pro) (Version 2019. OriginLab Corporation,
Northampton, MA, US). Please note: The experimental setup has a detection limit of ~2 ns. In
case of detected lifetimes close to this value the actual lifetime is expected to be <2 ns and
cannot be determined more accurately. Same limitation applies to lifetimes in the single digit
microsecond range (~6 us) due to the maximum frequency of used Xenon flash lamp.
Lifetimes determined ~6 us are most likely to belong to a faster decay which cannot be
resolved using this setup. Therefore, an assignment whether a lifetime actually is ~6 us or if
it is @ much shorter lifetime (perhaps already determined with the DeltaDiode) and which

simply can’t be displayed, cannot be performed.
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Table S2: PL decay traces of solid complexes 1 and 2 excited with a ns-pulsed LED diode at
370 nm at the depicted wavelengths and temperatures. Traces were recorded at indicated
emission wavelengths. The decay traces were fit with mono-exponential/ bi-exponential
curves.

77 K 298 K
Complex ] ]
1 1 Mg = 544nm 1 Agm = 540 Nnm
= 1,=6+1ns = ] 1,=3x1ns
g | 1=276+85ns g 1,= 155+ 10 ns
z z
2 z
0 100 260 300 400 6 260 460 660 860
Time [ns] Time [ns]
Complex 1
2 4
_ Aegm = 580 nm
e 1=33+1ns
S,
g
g
6 160 260 360 460
Time [ns]
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Table S3: PL decay traces of solid complex 4 excited with a ns-pulsed LED diode at 370 nm or
with a Xenon flash lamp at the depicted wavelengths and temperatures. Traces were
recorded at indicated emission wavelengths. The decay traces were fit with mono-
exponential/ bi-exponential curves.

Comple
x4
444 nm ] i
77 K Mege = 324 nm
= Aem = 444 nm = ]
E i T, =2337+43 s g )l B
z 1,=6+0.02 s z hem = 444 nm
g2 ] 2 1,=2%0.04ns
T T
0 10‘00 20‘00 30‘00 40‘00 i 100 200 300
Time [ps] Time [ns]
474 nm i )
77K i Agxe = 324 nm .
- Agm = 474 nm =
s A _ s | e = 474 nM
s 1 =6x005us = 1=3+0.05ns
G - 1, =2091 + 34 us 2
2 E
- w ° 100 200 300 400
0 1000 200;) ] 3000 4000 Time [ns]
Time [ps]
502 nm )l
77 K .
- | — Agm =502 nm
£ Aexe = 324 nm g 1=4+0.2ns
2 Aem = 502 Nm 2 |
£ 1, =7+0.07 ys 2 7
& 1, =1885+ 34 us e
0 10‘00 20‘00 30‘00 40‘00 0 5‘0 1(‘)0 1%0 2(‘)0
Time [us] Time [ns]
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472 nm
298 K

PL intensity [arb. u.]

Aexe =320 Nm
Agm =472 nm

1, =7+0.07 ps
1,=217+4ps

T T T T 1
200 400 600 800 1000
Time [us]
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7. Quantum chemical calculations

The ground state geometry optimizations were initiated from the coordinates taken from the
crystal structure coordinates of complexes 1, 2 and 4. All structure optimizations were carried
out using the Gaussian 16, revision C.01, package.* The geometry optimizations have been
done without any constraints and frequency calculations were also performed on all the
optimized geometries to ensure that the optimized geometries did not have any imaginary
frequencies. Vertical excitation has been performed on ground state geometry. Based on the
vertical excitation, suitable excited states were also optimized to assign emission bands.
Geometry optimizations have been carried out using the unrestricted density functional
method CAM-B3LYP> functional which was proven to be good for long range excitation
analysis. The basis set was DEF2SVP for gold atom, LANL2DZ for Zn atom and 6-31G** for C,
P, O and H atoms. The complexes 1, 2 and 4 were optimized as a charge neutral species with
a spin multiplicity of singlet. The complex 4 was also optimized with spin multiplicity of triplet
to assign phosphorescence bands. The assignment of emission bands were successfully
carried out (Table S4). Visualization of the molecular orbitals and the corresponding diagrams

were done employing the Chemcraft software.®
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Table S4. Vertical absorption and emission energies E (eV), wavelengths A (nm), of complexes

1, 2 and 4 with TD-DFT/CAM-B3LYP level.

Absorption

Emission

Complex

ES

A

configuration

ES

configuration

S1

3.09

400

HOMO-15->LUMO
HOMO-15->LUMO+1
HOMO-27->LUMO+2

S1

2.17

571

HOMO-LUMO+2
HOMO-2->LUMO+2

S2

3.29

377

HOMO->LUMO+3
HOMO-1->LUMO+3
HOMO-3->LUMO+3
HOMO-2->LUMO+14

S2

3.09

400

HOMO-15->LUMO
HOMO-15->LUMO+1

S3

3.29

377

HOMO-1->LUMO+3
HOMO->LUMO+4
HOMO-2->LUMO+14

S3

3.29

377

HOMO-1->LUMO+4
HOMO-4->LUMO+4
HOMO-5->LUMO+13

S1

3.10

401

HOMO-14->LUMO
HOMO-14->LUMO+1
HOMO-20->LUMO

S1

1.76

702

HOMO-6->LUMO
HOMO-5->LUMO

S2

3.45

359

HOMO-1->LUMO+5
HOMO-1->LUMO+6
HOMO-LUMO+5
HOMO->LUMO+5
HOMO-LUMO+6

S2

3.45

359

HOMO-1->LUMO+5
HOMO-1->LUMO+6
HOMO-LUMO+5

S3

3.45

359

HOMO-LUMO+5
HOMO-1->LUMO+6
HOMO-1->LUMO+3

S3

3.45

359

HOMO-1->LUMO+5
HOMO-1->LUMO+6
HOMO-LUMO+5

S1

3.08

402

HOMO-24->LUMO
HOMO-24->LUMO+1
HOMO-27->LUMO
HOMO-27->LUMO+1

S1

S2

3.08

402

HOMO-24->LUMO
HOMO-25->LUMO
HOMO-26->LUMO
HOMO-27->LUMO

S2

S3

3.48

356

HOMO-10->LUMO+5
HOMO-11->LUMO+6
HOMO-6->LUMO+6

S3

T1

1.50

826

HOMO-49->LUMO
HOMO-50->LUMO

T1

T2

1.86

665

HOMO-66->LUMO
HOMO-40->LUMO

T2
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Figure S22: Molecular orbitals involved in the leading electronic configurations associated

with the lowest energy SO - S1, S2, S3 transitions in complex 1. The MO surfaces are plotted
at an isosurface value of 0.03 au.

S24



HOMO-1 HOMO-5

Figure S23: Molecular orbitals involved in the leading electronic configurations associated
with the lowest energy SO - S1, S2, S3 transitions in complex 2. The MO surfaces are plotted
at an isosurface value of 0.03 au.
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LUMO+1

g 7 g
HOMO-25 HOMO-26

HOMO-11

HOMO-10

Figure S24: Molecular orbitals involved in the leading electronic configurations associated
with the lowest energy SO - S1, S2, S3 transitions in complex 4. The MO surfaces are plotted

at an isosurface value of 0.03 au.
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Figure S25: Molecular orbitals involved in the leading electronic configurations associated
with the lowest energy SO - T1, T2 transitions in complex 4. The MO surfaces are plotted at
an isosurface value of 0.03 au.
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8. Cartesian coordinates of the optimized structures at ground state

complex 1 (CAM-B3LYP/LANL2DZ/6-31G**)
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complex 4 (CAM-B3LYP/DEF2SVP/6-31G**)
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-1.405285000
0.813296000
-2.526339000
-2.826057000
-3.286569000
-4.185245000
-2.852715000
-3.415997000
-1.685550000
-1.339412000
-0.976743000
0.286857000
0.908000000
0.484576000
2.092803000
2.592870000
2.631960000
3.563550000
1.952585000
2.338829000
-1.356461000
-2.144740000
-2.191651000
-3.172195000
-1.543006000
-1.230975000
-0.644230000
-1.479959000

-1.485275000

S30

0.155864000

-0.896485000

0.584518000

-1.698393000

-1.621912000

2.986359000

2.289037000

-3.367904000

-3.199658000

-1.005202000

-0.187352000

-0.119547000

0.256747000

2.455287000

1.638785000

3.063696000

1.604082000

2.673050000

4.664389000

4.658786000

4.567833000

3.572919000

5.674995000

5.531453000

6.922733000

7.816302000

7.023392000

7.991526000

5.867023000

5.865902000

7.024003000

7.999188000

6.914684000

7.807851000

5.659365000

5.515059000

4.554167000

3.552491000

1.250382000

0.932814000

1.822116000

0.719999000

-0.259585000

-1.028540000

0.063680000

-2.148434000

-2.189867000

8.572269000

8.699009000

9.783781000

7.989791000

8.520515000

6.598075000

6.036952000

5.911721000

4.826275000

4.921811000

5.575824000

6.523440000

5.020130000

5.539179000

3.799196000

3.361131000

3.140995000

2.181214000

3.700597000

3.158534000

-2.171900000

-2.944342000

-2.969484000

-2.361476000

-4.340250000

-4.258870000

-4.880634000

-6.115043000

-5.481948000

-4.553458000

-6.037454000

-5.530925000

-7.238408000

-7.677638000

-7.876347000

-8.813785000

-7.319364000

-7.830806000

-6.704404000

-7.174878000

-6.721039000

-8.234251000

-8.590256000

-8.830765000

-9.654433000

-8.366274000

-8.823368000

-2.139851000

-0.657030000

-0.671341000

0.183022000

0.826156000

0.194834000

0.847204000

-0.632260000

-0.589086000

-3.811114000

-5.019148000

-5.236225000

-5.944092000

-6.876091000

-5.674799000

-6.399387000

-4.478039000

-4.247173000

-3.546119000

-2.622140000

-1.122763000

-1.917808000

-1.295786000

-2.802996000

-2.332730000

-3.096191000

-1.480133000

-1.664690000

-1.134369000

-1.570221000

-0.056557000

0.346016000

0.496755000

1.337319000

-0.029446000

0.399259000

-1.100200000

-1.499950000

-3.956456000

-3.578035000

-2.749901000

-4.261999000

-3.963199000

-5.326731000

-5.862344000

-5.709855000

-6.545094000

-1.524439000

-3.075468000

-3.100181000

-3.925868000

-4.621137000

-3.888316000

-4.550005000

-3.006067000

-2.990746000

-2.101765000

-2.366857000

-1.882296000

-3.241346000

-3.440942000

-3.853736000

-4.533107000

-3.593442000

-4.041062000

-2.723965000

-2.554771000

1.764069000

0.716737000

-0.182958000

0.455469000

1.171213000

1.950967000

1587293000

-1.072059000

-2.201263000

-2.557052000

-2.881933000

-3.752877000

-2.450821000

-2.978211000

-1.330714000

-0.992649000

-0.641752000

0.227178000

0.626480000

1.886882000

2.420026000

2.470699000

3.451196000

1.805216000

2.266117000

0.552033000

0.032007000
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1

6

-7.306155000

-6.937415000

-0.216276000

-0.359665000

-1.362348000

0.334070000

-0.197025000

-1.000218000

0.746509000

-0.105279000

0.749697000

-5.030427000

-5.341101000

2.405802000

3.417710000

3.274076000

3.164925000

4.862315000

5.134961000

4.992915000

7.706908000

7.943037000

-0.033965000

-1.006841000

1.945368000

0.817742000

0.409725000

0.015130000

1.289467000

1.977601000

1.826936000

0.629848000

1710157000

1.345576000

0.854786000

1.519411000

0.120474000

0.206578000

-0.721277000

-1.294089000

-0.834164000

-1.496266000

-1.833782000

-1.956315000

7.144514000
9.220855000
9.389847000
10.271456000
11.268048000
10.043328000
10.859512000
8.768076000
8.600617000
5.939780000

5.611020000

S31

2.140288000

2.246588000

3.087400000

1.708749000

2.129974000

0.626036000

0.197777000

0.086337000

-0.756077000

-0.894877000

-2.247066000

1

-1.065997000

-3.209328000

-3.289569000

-4.352032000

-5.333737000

-4.237390000

-5.127071000

-2.990072000

-2.921342000

5.402318000

5.555096000

5.295637000

5.834111000

5.791141000

6.160479000

6.374564000

6.207519000

6.464472000

-2.831701000

-2.849440000

-3.899757000

-2.109817000

-2.571478000

-0.760152000

-0.179003000

-0.151514000

0.901336000
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