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EXPERIMENTAL SECTION

Materials and Methods. Solvents (reagent grade) and reagents were obtained from commercial
sources, and when necessary purified according to standard techniques. When required, manipulations
were performed using standard Schlenk techniques under dry nitrogen atmosphere. Cyclic voltammetry
(CV) measurements were recorded at 25 °C in anhydrous CH>Cl, at scan rate 0.1 V s7!, using a Metrohm
Autolab PGSTAT 10 potentiostat at 20 °C in a Metrohm voltammetric cell, with a combined working
and counter Pt electrode and a standard Ag/AgCl (in KCI 3.5 M) reference electrode. All potentials are
referred to the Fc'/Fc couple, used as an internal standard. Tetrabutylammonium hexafluorophosphate
was used as a supporting electrolyte (C = 1:1072 M). Absorption spectra were recorded at 25 °C in a
quartz cell of 10.00 mm optical path with a Thermo Evolution 300 (190—1100 nm) spectrophotometer.
Diffuse reflectance measurements were carried out on KBr diluted pellets on an Agilent Cary 5000 UV-
Vis-NIR dual-beam spectrophotometer equipped with a diffuse reflectance accessory in the range 300—
5000 nm. Spectra were corrected for the change in the detector (PMT and InGaAs) at 800 nm.

Synthesis. Compound 1 was synthesized according to a previously reported method:' an ethanol
solution of KOH (15 mL; 0.070 g, 1.25 mmol) was added dropwise to 2-naphthyl-[1,3]dithiol-2-one? (15
mL of EtOH; 0.090 g, 0.35 mmol) under a dinitrogen inert atmosphere. An equimolar suspension of
[Pt(2,2'-bipy)Cl2]? in THF (20 mL, 0.15 g; 0.35 mmol) was then added. The reaction mixture was kept
under magnetic stirring for 7 days in the absence of light and under an inert atmosphere, in order to avoid
photooxidation.* The dark precipitate was filtered off and washed with ethanol and water. Yield: 0.13 g,
0.25 mmol (70%); m.p. > 240 °C; FT-IR (KBr pellet): ¥ =475 (s), 718 (m), 748 (s), 761 (m), 811 (m),
1098 (vs), 1260 (m), 1384 (m), 1430 (w), 1446 (m), 1468 (m), 1508 (w), 1523 (m), 1561 (w), 1571(w),
1594 (m), 1603 (m), 1619 (m), 1624 (m), 1638 (w), 1648 (w), 1655 (w), 1686 (w), 1719 (w), 1735 (w),
2345 (m), 2364 (m), 2926 (w), 2962 (w), 3057 cm™! (vw); UV-Vis-NIR (DMSO): 4 (&) = 261 (27000),

301 (30000), 344 (11000), 381 (8400), 603 nm (6000 M~ cm™'); 'H-NMR (300 MHz, DMSO-ds): 5=
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9.43 (d, 1H), 9.26 (d, 1H), 8.78 (d, 2H), 8.50 (t, 2H), 8.31 (s, 1H), 8.00 (t, 2H), 7.94 (m, 4H), 7.56 (m,
2H), 7.25 (s, 1H) ppm; elemental analysis calcd (%) for C2oH16N2S2Pt: C 46.56, H 2.84, N 4.94, S 11.30;
found: C 46.21, H2.81, N 4.82, S 11.15.

Photoconductivity measurements. Photoconductivity measurements were performed by using
prototype lateral devices prepared by casting a CH>Cl» suspension (C = 2 mg mL™!) of complex 1 on a
quartz substrate with previously lithographed gold electrodes with inter-electrode spacings L = 6 pm.
The devices were kept in vacuum (P < 103 mbar) and irradiated with a set of light emitting diodes (LEDs)
emitting a power density of few hundreds of mW/cm? (calibration was obtained by means of a silicon
photodetector). Photoconducting properties were investigated by applying an external bias voltage Vsias
= 60 V and measuring the photocurrent by means of a transimpedance amplifier connected to an
oscilloscope. In order to calculate the External Quantum Efficiency (EQE) we computed the ratio
between the photocurrent divided by the unit charge ¢ and the number of photons impinging on the device
area per second.

Stability tests. UV-Vis spectra were recorded on solutions of complex 1 in DMSO, DMF, CH2Cl»,
CHCI3, and THF over 48 hours to verify their stability toward dioxygen photooxidation.* All the solutions
were stable over 2 hours. In the solid state the compounds were proved to be stable over several months.

In order to further investigate the stability of complex 1 in the solid state a sample was irradiated with
a continuous class 2 red laser (650 nm; 30 mW/cm?) for 210 minutes. Diffuse reflectance spectra were
collected before and after irradiation showing no remarkable differences in the spectral shape (Figure
S8) under the same conditions described above.

Theoretical calculations. Theoretical calculations were performed at the density functional theory
(DFT)’ level with the Gaussian 16 (Rev. B.01)® suite of programs on a IBM x3755 server with four 12-
core processors and 64 GB of RAM (OS: SUSE Linux Enterprise Server 11 SP3). The PBEO functional’

was adopted, in combination with the full-electron split valence basis sets (BSs) including polarization
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functions (def2-SVP)*? for light atomic species (C, H, N, S) and the CRENBL BS!? with effective core
potentials'! for platinum. Basis sets were obtained from Basis Set Exchange and Basis Set EMSL
Library.!?

In order to establish the more stable mutual orientation for the complex molecules in oligomeric
systems, a series of preliminary calculations were performed on the assembly [Pt(bipy)(Naph-edt)],
which was optimized starting from three different configurations (all featuring the single complex units
in their planar form), with one of the complex molecules generated by symmetry from the other: I) a
head-to-tail orientation (symmetry transformation: —x, —y, z+3.5); II) a slipped head-to-tail configuration
featuring the bipyridine ligands lying above each other (symmetry transformation: —x+8, —y, z+3.5); III)
a head-to-head conformation (symmetry transformation: —x, y, z+3.5). After the geometry optimization,
the complex units lost their planarity in all of the conformations considered (mostly due to the rotation
of the naphthyl substituents), and a slight rearrangement in their reciprocal position occurred. The
optimized geometry obtained starting from configuration I was observed to be the most stable (total
electronic energy lower by 1.3 and 20.0 kcal mol™! with respect to the geometries obtained starting from
IT and III, respectively). The assembly 2, built of four interacting complex units, was thus optimized
starting from a configuration where the complex molecules were generated by symmetry in the same
way as in [ (symmetry transformations: —x, -y, z+3.5; x, -y, z+7.0; —x, -y, z+10.0). Tight SCF
convergence criteria (SCF = tight keyword) and fine numerical integration grids (integral = ultrafine
keyword) were used, and the nature of the minima of the optimized structure was verified by harmonic
frequency calculations (freq = raman keyword). A natural population analysis was carried out at the
optimized geometries using the natural bonding orbital [NBO; pop = (full,nbo) keyword] partitioning
scheme.!® Electronic transition energies and oscillator strength values were calculated at TD-DFT level
(200 states; td = nstates = 200 keyword). The programs GaussView 6.0.16,'* Molden 6.2,'5 and

Chemissian 4.53'¢ were used to investigate the optimized structures and the shapes of Kohn—Sham
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molecular orbitals. The software GaussSum 2.1!7 was used to calculate the molecular orbital

contributions, along with the contributions of singly excited configurations to each electronic transition.
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Table S1. Optimised geometry calculated for 1 at DFT level in the gas phase (total charge = 0, spin multiplicity

= 1) in orthogonal Cartesian coordinate format (Z = atomic number).

Atom number Y4 X y zZ

1 6 0.020603 -0.030156 0.002079
2 6 0.018868 0.134341 1.368440
3 6 1.229975 0.110722 2.105360
4 6 2.463771 -0.085333 1.409811
5 6 2.430681 -0.257001 -0.000328
6 6 1.239673 -0.228815 -0.687831
7 6 1.272618 0.269788 3.514668
8 6 2.463064 0.245359 4.196958
9 6 3.702846 0.060389 3.518078
10 6 3.674399 -0.113988 2.142993
11 6 4.971005 0.061441 4.268083
12 6 6.149908 0.494772 3.754172
13 16 7.625559 0.489006 4.654898
14 78 7.054601 -0.351063 6.677056
15 16 4.928024 -0.526704 5.924332
16 7 6.689004 -1.093787 8.547631
17 6 7.768511 -1.149195 9.375234
18 6 7.643058 -1.632516 10.684475
19 6 6.410296 -2.061782 11.144558
20 6 5.312044 -2.001458 10.279209
21 6 5.493174 -1.514525 8.997931
22 6 9.018101 -0.679007 8.790009
23 6 10.245535 -0.653918 9.465429
24 6 11.378170 -0.191034 8.818439
25 6 11.264302 0.243107 7.492846
26 6 10.028065 0.196076 6.875400
27 7 8.924597 -0.251779 7.500939
28 1 8.516062 -1.669435 11.336225
29 1 6.300875 -2.440163 12.162811
30 1 4319714 -2.329264 10.592460
31 1 4.665755 -1.449786 8.286626
32 1 10.305053 -0.999080 10.497713
33 1 12.339703 -0.167184 9.335024
34 1 12.126480 0.616311 6.938159
35 1 9.891475 0.523772 5.841634
36 1 6.216836 0.911083 2.745629
37 1 4.605163 -0.301547 1.601731
38 1 0.334623 0.421575 4.056180
39 1 2.477935 0.383834 5.280547
40 1 3.373324 -0.410764 -0.532860
41 1 1.231557 -0.360316 -1.772803
42 1 -0.919684 -0.009203 -0.554410
43 1 -0.920987 0.286268 1.906630
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Table S2. Selected optimized bond lengths (A) and angles (°) for 1 and the four complex a—d units within the
assembly 2 (a—d) at the optimized geometry in the gas phase (labelling schemes as in Figures S3 and S5).

2
1 a b c d
Pt-N1 2.046 2.055 2.055 2.054 2.051
Pt-N2 2.046 2.050 2.053 2.054 2.055
Pt-S1 2.263 2.269 2.281 2.281 2.272
Pt-S2 2.263 2.271 2.276 2.275 2.268
N1-Pt-N2 79.21 79.19 79.24 79.27 79.06
S1-Pt-S2 88.20 88.38 88.42 88.42 88.30
N1-Pt-S1-Cl1 179.84 175.21 177.83 177.34 173.41
C1-C2-C3-C4 31.0 28.00 28.58 25.39 32.45

S7



Table S3. Optimised geometry calculated for 2 at DFT level in the gas phase (total charge = 0, spin multiplicity

= 1) in orthogonal Cartesian coordinate format (Z = atomic number).

Atom number Y4 X y z Atom number Y4 X y 4

1 6 3.379106  2.709041 3.477204 87 6 0 -2.287964  0.169737
2 6 2971888  2.199947  4.714354 88 6 0 -3.210285  1.068136
3 6 3.587588 1.068624  5.225584 89 6 0 -3.751827  0.820555
4 6 4.602248  0.459604  4.483517 90 6 0 -3.350953  -0.318576
5 6 4.952030 1.000865  3.258731 91 6 0 -2.428120  -1.169593
6 7 4.355395  2.097146  2.762023 92 7 0 -1.910081  -0.935722
7 1 2.165346  2.685659  5.261303 93 1 0 -3.496851  1.957110
8 1 3.280666  0.663471 6.192034 94 1 0 -4.480568  1.510261
9 1 5.119122  -0.431094  4.843650 95 1 0 -3.747393  -0.554790
10 1 5.733592  0.558455  2.636411 96 1 0 -2.083092  -2.073768
11 6 2.822367 3916610  2.866298 97 6 0 -1.655261  0.341821
12 6 1.789687  4.669660  3.430486 98 6 0 -1.943673  1.395965
13 6 1.328709  5.798592  2.773448 99 6 0 -1.313081  1.455361
14 6 1.920108  6.156106 1.561730 100 6 0 -0.396068  0.458207
15 6 2.941837 5371419 1.053631 101 6 0 -0.144819  -0.554381
16 7 3.387028  4.276767 1.687179 102 7 0 -0.756393  -0.611965
17 1 1.325560  4.345711  4.360400 103 1 0 -2.674215  2.151909
18 1 0.504799  6.381415  3.188808 104 1 0 -1.543101  2.266580
19 1 1.588341 7.032575 1.003158 105 1 0 0.124129  0.460254
20 1 3.425894  5.606791 0.102882 106 1 0 0.564367  -1.356811
21 78 4.775762  2.954495  0.948441 107 78 0 -0.507413  -2.103815
22 16 5.136861  4.032552  -1.014818 108 16 0 1.131512  -3.231016
23 16 6.147332 1.298329  0.216792 109 16 0 -0.463639  -3.736260
24 6 6.192561 2978637  -1.891993 110 6 0 1.401905  -4.642721
25 6 6.638837 1.794514  -1.400696 111 6 0 0.730109  -4.899180
26 1 6.521564  3.351318  -2.866086 112 1 0 2.184896  -5.315304
27 6 7.519725  0.880389  -2.148776 113 6 0 0.927808  -6.118041
28 6 7.514618  0.834679  -3.535758 114 6 0 1.390327  -7.301152
29 6 8370756  -0.026483  -4.263255 115 6 0 1.602603  -8.468943
30 6 9.258417  -0.892290  -3.551478 116 6 0 1.313896  -8.444806
31 6 9.245069  -0.845835  -2.133387 117 6 0 0.821872  -7.236994
32 6 8.409003  0.006414  -1.456458 118 6 0 0.634441  -6.117971
33 1 6.824682 1.470498  -4.097103 119 1 0 1.588377  -7.350930
34 6 8371417  -0.069416  -5.683654 120 6 0 2.085788  -9.676174
35 6 10.110000  -1.759099  -4.282034 121 6 0 1.522216  -9.617509
36 1 9.924344  -1.499632  -1.579084 122 1 0 0.595924  -7.206534
37 1 8.425221 0.039688  -0.364673 123 1 0 0.259511  -5.195783
38 6 9.209507  -0.921319  -6.364648 124 6 0 2.278445  -10.797853
39 6 10.088691  -1.775292  -5.658057 125 6 0 1.995018  -10.770098
40 1 7.693492  0.592406  -6.230004 126 1 0 2.307089  -9.698028
41 1 9.199826  -0.939930  -7.457366 127 1 0 2.653728  -11.717285
42 1 10.751022  -2.447242  -6.209325 128 1 0 2.153047 -11.667265
43 1 10.788085 -2.417099  -3.731335 129 1 0 1.301106  -9.590625
44 6 2.588689  0.310488  -0.449194 130 6 0 -3.078058  -4.955346
45 6 3.449407  0.066555  -1.520323 131 6 0 -2.083327  -5.821379
46 6 3.490035  0.956829  -2.583150 132 6 0 -1.505536  -5.597438
47 6 2.670302  2.082976  -2.543347 133 6 0 -1.939739  -4.509309
48 6 1.827088  2.263475  -1.458592 134 6 0 -2.930056  -3.688324
49 7 1.774338 1.392722  -0.441772 135 7 0 -3.489360  -3.901938
50 1 4.099250  -0.806273  -1.510665 136 1 0 -1.748554  -6.652510
51 1 4.171674  0.782764  -3.417137 137 1 0 -0.714222  -6.253459
52 1 2.684636  2.829404  -3.338038 138 1 0 -1.509236  -4.287156
53 1 1.169981 3.132454  -1.384115 139 1 0 -3.296452  -2.819680
54 6 2498777  -0.545520  0.734424 140 6 0 -3.754857  -5.102739
55 6 3.192214  -1.749316  0.876752 141 6 0 -3.468755  -6.113681
56 6 3.006700  -2.516544  2.015956 142 6 0 -4.179308  -6.178952
57 6 2.124608  -2.059843  2.993986 143 6 0 -5.167897  -5.222570
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Table S4. Energy E (eV), wavelength A (nm), and oscillator strength f of main (> 0.005) electronic transitions
calculated in the Vis—NIR (500-850 nm) for 2 in the gas phase, along with molecular orbital composition of the

excited-state functions and complex monomers where the involved KS-MOs are mainly localized.

ES E A f Composition % Monomers?
1 1.507 823.0 0.023 H-L+1 80 d(84%)— d(93%)
2 1.524 813.5 0.023 H-1-L 67 a(70%)—a(98%)
3 1.702 728.6 0.021 H-3—L 12 b(52%)— a(98%)
H-2-L 27 ¢(52%)— a(98%)
H-1-1L+2 24 a(70%)—b(89%)
H-L 21 d(84%)— a(98%)
H-1-L 13 a(70%)— a(98%)
H-3-L 12 b(52%)— a(98%)
4 1.719 721.2 0.045 H-2-1+1 40 ¢(52%)— d(93%)
H-L+3 23 d(84%)—c(84%)
H-L+2 16 d(84%)— b(89%)
H-3—-L+1 10 b(52%)— d(93%)
5 1.746 709.9 0.013 H-L 42 d(84%)— a(98%)
H-1-1L+2 18 a(70%)— b(89%)
H-L+2 12 d(84%)— b(89%)
6 1.769 701.0 0.023 H-L 24 d(84%)— a(98%)
H-L+2 15 d(84%)— b(89%)
H-2—-1+2 13 ¢(52%)— b(89%)
H-2—-L+1 12 ¢(52%)— d(93%)
H-3-L 10 b(52%)— a(98%)
H-2-L 9 ¢(52%)— a(98%)
7 1.809 685.6 0.130 H-1-L+2 45 a(70%)— b(89%)
H-2—-L 12 ¢(52%)— a(98%)
H-1-L 10 a(70%)— a(98%)
8 1.832 676.9 0.064 H-L+3 49 d(84%)— c(84%)
H-2—-1+2 27 ¢(52%)— b(89%)
9 1.870 663.1 0.012 H-1-L+1 44 a(70%)— d(93%)
H-3—-L+1 16 b(52%)— d(93%)
H-1-L+3 14 a(70%)— c(84%)
11 1.950 636.0 0.006 H-1-L+1 27 a(70%)— d(93%)
H-2—-1+2 18 ¢(52%)— b(89%)
H-L+2 17 d(84%)— b(89%)
H-1-L+3 11 a(70%)— c(84%)
12 1.994 621.9 0.006 H-L+2 26 d(84%)— b(89%)
H-2—-1+2 20 ¢(52%)— b(89%)
H-3—-1L+2 14 b(52%)— b(89%)
H-1-L+3 13 a(70%)— c(84%)
13 2.037 608.7 0.044 H-3—-L+2 38 b(52%)— b(89%)
H-3—-L+1 32 b(52%)— d(93%)
H-2—-L+1 13 ¢(52%)— d(93%)
14 2.067 599.8 0.045 H-3—-L+2 31 b(52%)— b(89%)
H-3—-L+1 27 b(52%)— d(93%)
H-1-L+3 21 a(70%)— c(84%)
15 2.115 586.3 0.060 H-2—-1+3 56 ¢(52%)— c(84%)
H-3—-L+3 30 b(52%)— ¢(84%)
H-1-L+3 10 a(70%)— c(84%)
17 2.373 522.5 0.007 H-L+5 95 d(84%)—d(96%)
18 2.401 516.4 0.006 H-1-L+4 93 a(70%)— a(96%)

# Labelling of monomers as in Figure S5.
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Scheme S1. Synthetic pathway for the preparation of complex 1 from [Pt(bipy)Cl2] and 4-(2-naphthyl)-
[1,3]dithiol-2-one.
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Figure S1. Cyclic voltammogram of 1 recorded in anhydrous DMSO at 298 K (scan rate 100 mV s7!;
0.1 M TBAPF).
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Figure S2. Normalized absorption spectra in the Vis region (450-900 nm) recorded for 1 in selected
solvents at 298 K. Amax values: MeCN, 600 nm; DMSO, 603 nm; DMF, 617 nm; acetone, 625 nm;
CH:Cly, 642 nm; CHCIl3, 666 nm; THF, 672 nm; toluene, 700 nm. The spectra in MeCN and toluene, of

very low quality because of solubility reasons, are not depicted.
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Figure S3. Dark current of the prototype photodetector.
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Figure S4. Molecular drawing and atom labelling scheme of 1 at the optimized geometry in the gas

phase; hydrogen atoms omitted for clarity.
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HOMO LUMO

Figure SS. Isosurface drawings of the frontier Kohn—Sham molecular orbitals calculated for 1 at the

optimized geometry. Hydrogen atoms were omitted for clarity. Cutoff value = 0.05 |e|.
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Figure S6. Different views of 2 at the optimized geometry in the gas phase, with complex units labelling

scheme; hydrogen atoms omitted for clarity.
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Figure S7. Solid state diffuse reflectance spectrum recorded for 1 in the range 200—1600 nm.
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Figure S8. Baseline corrected unscaled solid state diffuse reflectance spectra recorded for 1 in the range

300-1000 nm before (green) and after (blue) continuous laser irradiation (A = 650 nm; 30 mW/cm?).

Small intensity variations are attributed to the repositioning of the sample in the integration sphere.
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Figure S9. KS-MOs diagram with isosurface drawings calculated for 2 in the gas phase (contour value

0.05 |e|; hydrogen atoms omitted for clarity).
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