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Photoactive Silicon Surfaces Functionalized with High-Quality and 
Redox-Active Platinum Diimine Complexes Monolayers  
Bruno Fabre,*a Franck Camerel*a and Soraya Ababou-Girardb 

New platinum diimine dichloro (PtCl2) and dithiolene (Ptdithiolene) complexes have been synthesized and covalently bound 
to hydrogen-terminated, oxide-free silicon (111) surfaces using a two-step procedure. This immobilization route resulted in 
the formation of ca. 2.0-2.5 nm-thick densely packed and perfectly clean Pt complex monolayers with the expected structure 
of the grafted molecular chains. The surface coverages of attached PtCl2 and Ptdithiolene were electrochemically estimated 
at 8.9 x 10-11 and 7.5 x 10-11 mol.cm-2, respectively, corresponding to 0.07 PtCl2 and 0.06 Ptdithiolene per surface silicon 
atom. The Pt complex-functionalized photoactive silicon surfaces showed under simulated sunlight a redox activity similar 
to that observed for the complexes in solution at a non-photoactive electrode. The two one-electron reduction processes 
centered on the bipyridine ligand were however observed at much less negative potentials, owing to the photovoltage 
generated at the silicon/monolayer interface. These modified photocathodes showed great promises for solar 
photoelectrocatalysis, as exemplified with the photoassisted electrocatalytic reduction of CO2. Based on the measured 
cathodic photocurrent densities, the Ptdithiolene-modified surface showed superior catalytic performance.

1. Introduction 
Well-defined platinum (Pt) complexes with polypyridine, 
vinylsiloxane, N-heterocyclic carbene or phosphine ligands have 
been widely used in very efficient and selective homogenous 
catalytic reactions.1 A few attempts have been performed to 
immobilize these molecular systems on solid supports such as 
silica but it has not been established in all cases whether the 
catalytically active site is an isolated surface complex or a 
metal(0) aggregate.2 Nevertheless, the immobilization of such 
complexes on photoactive semiconducting surfaces, such as 
silicon, appears us to be a promising strategy to elaborate light-
activated functional devices. Surprisingly, only one example of 
a Pt molecular complex covalently grafted onto silicon has been 
reported so far and belongs to the family of heteroleptic Pt 
complexes, namely diimine-dithiolene complexes.  
This intriguing class of complexes has been widely studied for 
their photophysical and redox properties. They have mainly 
been studied for their luminescence properties arising for the 
deactivation of a charge-transfer band between the diimine and 

the dithiolate fragments coordinated to the Pt center.3 The 
proper choice of the diimine ligand and the dithiolate ligand 
allows the fine tuning of their photophysical and redox 
properties. Pt diimine-dithiolene complexes have been 
proposed as light harvester in the visible region for light-driven 
water reduction to hydrogen4 but also in solar cells.5 Crown 
ethers have been introduced on the dithiolate ligand in the 
[Pt(NN)(SS)] system for developing optical and electrochemical 
sensors for alkali metal cations.6 It has also been demonstrated 
that the proper functionalization of the diimine or the dithiolate 
fragment with several long carbon chains or biphenyl fragments 
allows the complexes to self-organize into thermotropic liquid 
crystalline materials.7 Recently, our group has indeed 
demonstrated that such metal complexes could be covalently 
attached on hydrogen-terminated silicon(100) surfaces through 
a hydrosilylation reaction with a dithiolate fragment ω–
substituted with alkyne chains.8 The so produced Si-C linked 
organometallic monolayers retained the redox activity of the Pt 
complexes exhibited in solution. Nevertheless, an oxidative 
decomposition of the grafted dithiolate ligand upon light 
exposure was observed impeding the photoelectrochemical 
investigation of the functional semiconducting surfaces. 
Herein, the precursor structure has been judiciously revisited to 
avoid such light-induced degradation phenomenon. In 
particular, the unstable imino function present in the previously 
investigated Pt complexes has been eliminated in the present 
work because of its propensity to be hydrolyzed. Moreover, 
Si(111) surface was selected as the immobilization substrate 
preferentially to Si(100) which is extensively used in 
semiconductor technology. Indeed, it has been demonstrated 
that the organic functionalization of hydrogen-terminated 
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Si(111) yielded usually both more densely packed and ordered 
monolayers, with a higher surface coverage.9,10,11 
Two approaches have been tested to elaborate well-defined 
redox-active organometallic monolayers from the covalent 
derivatization of Si−H surfaces with Pt diimine-dithiolene 
complex. The first is based on the direct grafting of an alkene-
terminated Pt diimine-dithiolene complex (denoted 
Ptdithiolene hereafter) onto Si−H through a hydrosilylation 
route (route a, Scheme 1). The second is a two-step method and 
consists first of a hydrosilylation reaction of di(dec-9-en-1-yl) 
[2,2'-bipyridine]-4,4'-dicarboxylate dichloro platinum complex 
(PtCl2) with Si-H, followed by the conversion of the PtCl2 moiety 
to the Pt diimine-dithiolene using a tin salt (route b, Scheme 1). 
In order to control both the quality, the composition and the 
compactness of the covalently bound organometallic 
monolayers, various experimental techniques have been used 
including cyclic voltammetry, X-ray photoelectron spectroscopy 
(XPS) and atomic force microscopy (AFM). Moreover, the 
promising catalytic effects exhibited by such complexes in 
solution for the electrochemical reduction of CO2 prompted us 
to examine if such an activity was retained once immobilized on 
a photoactive surface.  

Scheme 1. Chemical Pathways for the Preparation of Pt Complex Monolayers 
Covalently Bound to Hydrogen-Terminated Si(111) Surfaces. 

2. Results and Discussion. 

2.1 Synthesis of Pt complexes.  

An original bipyridine ligand carrying two long olefinic terminal 
chains has been developed for further grafting onto oxide-free 
Si(111) surfaces through a hydrosilylation reaction (see Scheme 
1). The functional ligand was synthesized by reacting [2,2'-
bipyridine]-4,4'-dicarboxylic acid chloride with 2.5 equivalents 
of 9-decen-1-ol in the presence of triethylamine. The synthesis 
of all the molecules and their principal physicochemical 
characterizations are fully described in the Supporting 
Information (Figures S1 to S5). The ligand was then reacted with 
1 eq. of PtCl2(DMSO)2 to afford the corresponding 
dichloroplatinum diimine complexes PtCl2 in 80 % yield (Figures 
S6 to S11). Finally, the 5,6-dihydro-1,4-dithiin-2,3-dithiolato 

(dddt) ligand was introduced by a ligand metathesis by reacting 
the dichloroplatinum diimine complexes with one equivalent of 
2,2-dibutyl-5,6-dihydro-1,3,2-dithiastannolo[4,5-b][1,4]dithiin 
in acetone to afford the corresponding diimine-dithiolene 
complexes Ptdithiolene as dark-green powders in 70 % yield 
(Figures S12 to S16). The purity and the molecular structure of 
all the compounds were confirmed by elemental analyses, 1H 
NMR, 13C NMR, mass spectrometry, IR spectroscopy and UV-vis 
analyses. 
The UV-vis-NIR absorption spectra for all the compounds have 
been measured in CH2Cl2 solutions (Supporting Information). 
The absorption spectrum of the starting ligand showed two 
absorption bands with a maximum at 242 and 300 nm (Figure 
S3). These large absorption bands are assigned to π-π* and n-
π* transitions localized on the bipyridine core.12 After 
coordination by the PtCl2 fragment, an additional absorption 
band with a weaker extinction coefficient appeared at 422 nm 
on the UV-vis spectrum of PtCl2 complex (Figure S8). This 
absorption band arises from a charge transfer transition from a 
filled Pt(d) orbital to an unoccupied π* diimine orbital (MLCT).13 
Substitution of the chloride atoms by the dddt2– fragment in 
Ptdithiolene was characterized by the appearance of an intense 
absorption band at 774 nm (15700 M-1 cm-1), associated to 
mixed metal ligand-to-ligand charge transfer transition 
(MMLL’CT) corresponding to excitation from the electron donor 
dithiolate ligand having orbital contributions from the metal ion 
to the electron acceptor bipyridine ligand (Figure S14).7b, 14  
The thermal properties and stability of the ligand and associated 
metal complexes were also investigated upon repeated heating 
and cooling cycles by differential scanning calorimetry (DSC) 
and polarized optical microscopy (POM). The starting ligand 
melted around 63 °C and recrystallized with a strong 
supercooling around 20 °C (Figures S4 and S5). Upon cooling 
from the isotropic state, PtCl2 entered into a liquid crystalline 
state below 170 °C and characteristic textures of a columnar 
mesophase of hexagonal symmetry were observed by POM 
(Figures S9 and S10). The crystallization of this compound 
started below 70 °C. Ptdithiolene was in a liquid crystalline state 
from room temperature up to the degradation temperature at 
140 °C (Figures S15 and S16) but no typical texture could have 
been developed. All the compounds were found to be stable up 
to 140 °C. 
 
 2.2 Electrochemical Properties of the Pt complexes 
and Electrocatalytic Activity for the CO2 Reduction.  
 
The electrochemical characteristics of the Pt complexes have 
been examined by cyclic voltammetry (CV) in CH2Cl2 medium, 
prior to their covalent immobilization on photoactive p-type 
Si(111) surfaces. In reduction and under argon, the CVs of PtCl2 
and Ptdithiolene were characterized by two reversible waves at 
E°’Red1 = -0.75 V and E°’Red2 = -1.38 V vs Saturated Calomel 
Electrode (SCE) for PtCl2 and at E°’Red1 = -0.88 V and E°’Red2 = -
1.48 V for Ptdithiolene (average of anodic and cathodic peak 
potentials). The reversible and monoelectronic character of 
both systems is supported by a peak-to-peak separation close 
to 60 mV (after Ohmic drop correction) and a ratio between the 
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anodic and cathodic peak current intensities close to 1 within 
the investigated potential scan range (i.e., 0.1-0.6 V s-1). They 
correspond to the reduction of the neutral bipyridine ligand into 
its monoanionic and dianionic species, respectively.8,15 
Compared with PtCl2, the reduction potentials of Ptdithiolene 
were slightly negatively shifted by 100-130 mV. Such a trend can 
be reasonably explained by the occurrence of a charge transfer 
between the dithiolate and the bipyridine ligands, as revealed 
by UV-visible measurements (vide supra), which renders the 
bipyridine fragment more electron rich and thus more difficult 
to reduce. An additional monoelectronic and reversible system 
was observed in oxidation at E°’Ox = +0.46 V only for 
Ptdithiolene and was attributed to the oxidation of the Pt 
dithiolate moiety to its radical cation form.16 

 

Figure 1. Cyclic voltammograms under argon of PtCl2 (a) and Ptdithiolene (b) at 2 
mM in CH2Cl2 + 0.2 M Bu4NPF6 on glassy carbon (GC) electrode. 

In a CO2-saturated electrolyte solution, the CVs of PtCl2 and 
Ptdithiolene showed an increase in the cathodic current related 
to the second wave of the Pt complex whereas no significant 
current enhancement was observed in the absence of the Pt 
complex down to -1.8 V vs SCE (Figure 2). Such observations 
provide experimental evidence for the electrocatalytic activity 
of both Pt complexes towards the CO2 reduction in 
homogeneous phase. Based on measured catalytic current 
densities, it cannot be however concluded that Ptdithiolene 
exhibits a higher activity than that of PtCl2. 

Figure 2. Comparative cyclic voltammograms at 0.2 V s-1 under argon (dotted lines) 
or CO2 (solid lines) atmosphere of PtCl2 (red) and Ptdithiolene (blue) at 2 mM in 
CH2Cl2 + 0.2 M Bu4NPF6 on glassy carbon (GC) electrode. The black lines 
correspond to the electrochemical response of GC in the Pt complex-free 
electrolytic solution. 

2.3 Covalent Grafting of Pt Complexes onto 
Photoactive Si(111) Surfaces.  

The covalent derivatization of oxide-free, hydrogen-terminated 
Si(111) surfaces with Pt complexes was carried out following 
two grafting routes (Scheme 1). The first one based on the UV- 
or thermally-activated direct grafting of Ptdithiolene onto Si-H 
failed to produce high-quality and densely packed monolayers 
(see the Supporting Information for details and Table S1). 
Instead, an organometallic polymer film or a monolayer with 
low surface coverage (i.e. 3 x 1013 atoms cm-2, i.e. 0.04 Pt 
complex per surface silicon atom) was deposited. In contrast, 
clean, high-quality and more densely packed Pt complex 
monolayers were produced from the two-step grafting 
consisting first of a hydrosilylation reaction at 300 nm of PtCl2 
with Si-H, followed by the chemical conversion of the PtCl2 
moiety into a platinum-dithiolene moiety (route b, Scheme 1). 
The composition of the optimized modified surfaces was 
determined by XPS. The survey spectra revealed characteristic 
peaks of the Si substrate itself (Si 2s and Si 2p), as well as 
characteristic signals of C 1s, Cl 2s, N 1s, S 2p, and Pt 4f, 
confirming the successful grafting of PtCl2 and Ptdithiolene 
(Figure S17). More specifically, for the PtCl2-modified surface 
(denoted Si-PtCl2 hereafter), the high-resolution C 1s spectrum 
could be reasonably fitted using three components at 285.0, 
286.7 and 289.4 eV, corresponding to different carbon atoms, 
namely [C-C + C=C], [CO + CN] and (C=O)O, respectively (Figure 
3). The experimental ratios between the areas under the [C-C + 
C=C] and [CO + CN] peaks, and under the [CO + CN] and (C=O)O 
peaks, were estimated at 2.9 and 2.8, respectively, in relatively 
close agreement with the theoretical ratios of 4 (24:6) and 3 
(6:2), respectively. The presence of Cl was supported by the 
presence of one peak at 269.4 eV on the Cl 2s signal and the 
area under the [C-C + C=C] and Cl peaks was also perfectly 
consistent with the expected ratio, 11.8 against 12 (24:2). 
Additionally, the N 1s signal showed a single component at 
401.3 eV corresponding to nitrogen atoms of the bipyridine 
ligand, and the experimental atomic ratio between the total C 
and N was ca. 19.6 which is close to the expected ratio of 16 
(32:2). The Pt 4f spectrum showed two components, the first 
one located at 72.7 eV (Pt 4f7/2) and 76.0 eV (Pt 4f5/2), and the 
second at 71.2 eV (Pt 4f7/2) and 74.9 eV (Pt 4f5/2). These are 
believed to correspond to two different geometrically Pt 
complex forms bound to the surface. From the approximate 
ratio, the contribution of the second minor component could be 
estimated at about 15% of total Pt.  
After conversion of the PtCl2 to Ptdithiolene, no additional 
component was visible on the high-resolution C 1s spectrum of 
the Ptdithiolene-modified surface (Si-Ptdithiolene). We notice 
however that the second component attributed to 
heteroelement-bound carbon atoms (CO, CN and CS) was 0.3 
eV-shifted towards lower binding energies. As expected, the 
replacement of the Cl atoms by the dithiolene unit was 
supported by the disappearance of the Cl 1s signal (indicating 
that the conversion was quantitative) and the emergence of a 
shoulder at approximately 162.6 eV on the plasmon loss peak 
of Si 2s corresponding to unresolved contributions of S 2p3/2 and 
2p1/2 levels. The position of the N 1s peak was unchanged while 
the two components observed on the Pt 4f spectrum with their 
respective doublets were 0.4 eV-shifted to lower binding 
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energies compared with Si-PtCl2. Such a shift would be rather 
consistent with a differently coordinated Pt complex, as 
previously reported for other organometallic monolayers 
bound to Si(111) surfaces.17,18 The experimental ratio between 
the areas under the S 2p and N 1s peaks was estimated at 1.5, 
which is very close to 4S/2N expected for the terminal Pt 
complex. Finally, the chemical conversion of PtCl2 to 
Ptdithiolene was thought to indroduce some oxidation of the 
underlying silicon surface, as evidenced by the presence of a 
small peak at a binding energy of 103-104 eV attributable to 
silicon oxides. 

 
Figure 3. High-resolution XP spectra of Si 2p, C 1s and Cl 2s, Pt 4f, N 1s and S 2p 
for Si-PtCl2 (left column) and Si-Ptdithiolene (right column). The peak observed at 
about 276-277 eV on the C 1s spectra is attributed to satellite peaks of the used 
XPS source. Experimental data and fitting envelopes are represented by black and 
red lines, respectively. The colored lines are fitted curves using 
Gaussian−Lorentzian mixed peaks corresponding to different components. 

Further characterization of the modified surfaces by 
spectroscopic ellipsometry yielded monolayer thicknesses of 19 
± 1 Å and 24 ± 1 Å for Si-PtCl2 and Si-Ptdithiolene, respectively. 
Such values were consistent with the theoretical lengths of the 
Pt complex-terminated molecular chains estimated at 21 ± 1 Å 
and 25.5 ± 1.5 Å for Si-PtCl2 and Si-Ptdithiolene, respectively, 
from Density Functional Theory (DFT) calculations (Figures S18 
and S19). 
The cleanliness of the optimized modified Si(111) surfaces was 
monitored by AFM. Both Si-PtCl2 and Si-Ptdithiolene showed a 
structure identical to that of Si(111)-H and other high-quality ω-
functionalized organic monolayers,19,20,21,22 with atomically flat, 
defect-free terraces separated by about 3 Å-high steps (Figure 
4). Some oxidation pits were visible in the AFM image of Si-
Ptdithiolene which were absent in that of Si-PtCl2. The 
measured root-mean-square (rms) roughness was about 2 Å for 
both surfaces. Moreover, any contrast in friction images was 
not observed and any adventitious material was not removed 
upon a prolonged AFM tip scanning on the same place, thus 
providing experimental evidence that the surfaces were 
perfectly clean.    

Figure 4. Tapping-mode AFM images (top) and corresponding cross-section 
profiles taken in the middle of the images (bottom) of PtCl2- (left) and 
Ptdithiolene- (right) modified Si(111) surfaces. 

 

 
 2.4 Photoelectrochemical Properties of the Pt 
complex-Functionalized Silicon Photocathodes and 
Photoelectrocatalytic Activity for the CO2 Reduction. 
 
The electrochemical activity of the two Pt complex-
functionalized silicon photocathodes has been examined in 
CH3CN medium preferentially to CH2Cl2 used in homogeneous 
conditions owing to its higher electrical conductivity, its 
propensity to provide better resolved voltammetric peaks for 
redox monolayer-modified silicon surfaces23 and the higher 
solubility of CO2 in this solvent.24 We have checked beforehand 
that the electrochemical behavior and the redox potentials of 
PtCl2 were quite similar in both solvents (Figure S21), 
Ptdithiolene having not been tested because of its poor 
solubility in CH3CN. As shown in Figure 5, negligible current 
densities were measured in the dark for both Si-PtCl2 and Si-
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Ptdithiolene surfaces. This situation is common for charge 
depleted semiconducting electrodes. Under these conditions, 
the concentration of majority charge carriers (i.e. holes) at the 
p-type silicon surface is not sufficient to promote the reduction 
processes assigned to the bipyridine ligand.25 By contrast, much 
higher current densities were observed at illuminated modified 
silicon surfaces because the high concentration of 
photogenerated minority charge carriers (i.e. electrons) will 
promote efficiently the reduction processes. Importantly, due 
to the photogenerated electron-induced activation of the redox 
processes, the two reversible cathodic waves were observed at 
much less negative potentials than those determined at a non-
photoactive electrode for the complexes in solution, namely 
E°’Red1 = -0.65 V and E°’Red2 = -1.03 V for Si-PtCl2 (Fig. 5a) and 
E°’Red1 = -0.67 V and E°’Red2 = -0.97 V for Si-Ptdithiolene (Fig. 5b). 
Such a potential shift called photovoltage is common for 
illuminated semiconducting photoelectrodes and is a desired 
characteristic for photoelectrocatalytic purposes.26 It is worth 
however noting that the difference in formal potentials 
between the two redox processes (E°’Red1 – E°’Red2) was much 
smaller for the immobilized systems than for the systems in 
solution. Such a trend could be ascribed to ion pairing effects 
with the electrolyte cation that may exist in solution but are 
most likely exacerbated for surface-attached electroactive 
molecules.27 Another plausible explanation could be the 
presence of a strong carrier inversion layer in the 
semiconductor at the most negative potentials which would 
yield a higher photovoltage for the second redox process.28 
Moreover, the total amount of Pt complexes attached to the 
surface was determined from the variation of cyclic 
voltammograms with the potential scan rate v. The cathodic 
peak photocurrent densities jpc corresponding to the first redox 
process were found to be proportional to v within the range 0.0
−1.0 V s-1 (Figure S22), as expected for surface-confined redox 
species.29 The slopes of the linear jpc – v plots yielded surface 
coverages of attached PtCl2 and Ptdithiolene of 8.9 x 10-11 and 
7.5 x 10-11 mol cm-2, respectively (see SI for details) which 
correspond to surface coverages of 0.07 PtCl2 and 0.06 
Ptdithiolene per surface silicon atom, considering that the 
atomic density of Si(111) is 7.8 x 1014 atoms cm-2.30 Such values 
give specific areas of about 185 Å2 per grafted PtCl2 and 220 Å2 
per grafted Ptdithiolene, which compare well with the 
theoretical specific areas determined from DFT calculations 
assuming that the two spacer arms of the grafted molecule are 
strongly spread on the surface, namely 184 Å2 and 291 Å2, 
respectively (Figure S18). At the opposite, these experimental 
values are somewhat greater than 118 Å2 per grafted PtCl2 and 
106 Å2 per grafted Ptdithiolene by considering the two spacer 
arms of the molecule are closed together on the surface (Figure 
S19). Because the monolayer structure is probably between 
these two extreme cases, this indicates a reasonably dense 
packing of the Pt complex-terminated chains for both Si-PtCl2 
and Si-Ptdithiolene. DFT calculations performed on 
monoanionic and dianionic species confirmed that the charge 
of the complex weakly affects the orientation and the 
conformation of the pendant aliphatic chains (Figure S20). 

Now, the photoelectrocatalytic response of these functional 
surfaces was examined for the electrochemical reduction of 
CO2. A clear enhancement in the cathodic photocurrent density 
was observed below -1.3 V vs SCE upon addition of CO2 (Figure 
6), in agreement with a catalytic activity of the modified 
photoelectrodes. The ratios between the cathodic photocurrent 
densities measured at -1.5 V in the presence (jcat) and in the 
absence of CO2 (j°) were estimated to be 3.1 and 6.6 for Si-PtCl2 
and Si-Ptdithiolene, respectively, demonstrating the superior 
catalytic performance of Ptdithiolene in heterogeneous 
conditions. These preliminary results are promising and 
demonstrate that Pt diimine-dithiolene complexes show great 
potential for electrocatalytic applications. 
 

Figure 5. Ohmic drop-corrected CVs under illumination (AM 1.5G, 100 mW cm-2) of Si-
PtCl2 (a) and Si-Ptdithiolene (b) in CH3CN + 0.1 M Bu4NClO4. The black traces correspond 
to the CVs in the dark at 0.2 V s-1. Details on the Ohmic drop correction method are 
provided in SI. 

Figure 6. Ohmic drop-corrected CVs at 0.2 V s-1 in the dark (dotted lines) and under 
illumination (solid lines) of Si-PtCl2 (a) and Si-Ptdithiolene (b) under argon- (black) 
or CO2- (red) saturated CH3CN + 0.1 M Bu4NClO4 solution. Details on the Ohmic 
drop correction method are provided in SI. 

3. Conclusions 

In this work, we have demonstrated that platinum diimine 
complex monolayers could be covalently grafted onto oxide-
free silicon(111) surfaces through a hydrosilylation reaction. 
Toward this goal, an original bipyridine ligand carrying two long 
carbon chains with a terminal alkene has been synthesized and 
the corresponding platinum complexes bearing chloride atoms 
and dithiolate fragment have been isolated. Both complexes 
displayed two reversible one-electron reduction processes 
centered on the bipyridine fragment. Cyclic voltammetry 
experiments performed in a CO2-saturated electrolytic solution 
demonstrated that they exhibited an electrocatalytic activity 
towards the CO2 reduction in homogeneous phase. Their 
covalent immobilization on oxide-free photoactive silicon 
surfaces was sequentially carried out by starting first by the 
grafting of the dichloro Pt complex followed by its chemical 
conversion to the diimine-dithiolene derivative. Such a strategy 
resulted in the formation of densely packed, clean and high-
quality Pt complex monolayers, as supported by 
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electrochemistry, XPS, AFM and DFT geometry optimization 
calculations. The redox activity of both complexes was retained 
once immobilized but the two reversible cathodic waves were 
favorably shifted to less negative potentials thanks to the 
photogenerated electrons-induced activation of the redox 
processes. Both illuminated Pt complex-functionalized silicon 
photocathodes showed a photoelectrocatalytic activity towards 
the cathodic reduction of CO2 but superior performance was 
observed for the Ptdithiolene-functionalized photocathode. 
Work is currently in progress in order to determine the 
performance metrics of these novel modified photoelectrodes 
and the selectivity of this catalytic reaction. The photothermal 
effect observed with the platinum diimine dithiolene complexes 
in solution could also be of great interest to boost the catalytic 
processes under laser irradiation in the NIR region.31 
Preliminary measurements have shown that the charge transfer 
Ptdithiolene complex, displaying a strong absorption band in 
the NIR region, could efficiently convert light under 808 nm 
laser irradiation with a photothermal efficiency around 29 % 
(Figure S23).32  
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