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Abstract.

In this work, we explore the possibility to tune the fluorescence intensity of two porphyrin
systems through electrochemical oxidation of an appended ruthenium acetylide bridge. Two
electrochemically switchable systems: a dyad (ZnP-Ru, 3) and a triad (ZnP-Ru-P2H, 5) were
prepared and investigated. In the ZnP-Ru dyad, the fluorescence of the zinc porphyrin was
switched reversibly between an ON and OFF state upon oxidation of the ruthenium unit, the
most probable quenching process involved after oxidation being an electron transfer from the
singlet excited state of ZnP to the oxidized ruthenium center. In the ZnP-Ru-P2H triad, we show
that the both porphyrin fluorescence are highly quenched independently of the redox state of
the ruthenium bridge owing to efficient photoinduced charge transfers with the ruthenium

complex.

Synopsis toc

This work explores the possibility of controlling the fluorescence of porphyrins via oxidation
of a ruthenium acetylide unit. The modulation depends on the nature of the porphyrin unit(s)

unit.

Ru : reductive quenching
Ru* : Larger oxidative quenching

Ru : reductive quenching
Ru* : Similar oxidative quenching

ZnP-Ru-P2H

Redox control No Redox control

Keywords: ruthenium, porphyrins, electrochemistry, electrofluorochromism, alkynyl

complexes, molecular switches.



Introduction

Luminescence modulation has attracted a great deal of interest for potential applications in
sensors for in bio-issue,! in vivo imaging,? optical memory devices,® logic gates,* displays,®
and information processing.® The changes of luminescence intensity of a luminophore could be
triggered by different stimuli, inter alia light,” electrochemical potential,® temperature,® and
pH.X® Among them, electrofluorochromism deals with the reversible switching between high
and low fluorescent states via redox-driven electric potentials.® This electrofluorochromism can
arise if the fluorophore is redox active and can be switched from an emissive to a dark state (or
reverse) via an intrinsic electron transfer process.* Another possibility is to take advantage of
an independent redox active moiety bound to a fluorophore that can induce energy/electron
transfer quenching with the fluorophore according to its redox state.!? During the last decade,
several electrofluorochromic devices have been fabricated and investigated including the use
of small organic molecules,**® inorganic materials,’® conjugated polymers,*?> high-
performance polymers,'’ and hybrids.*® However, highly competitive materials could not be
reached so far. Therefore, the design of materials with smarter molecular structures is essential

for modern optoelectronic applications.

ZnP-Ru-P2H

Chart 1. Structures of the two systems investigated in this work.

Owing to their rich optical and electrochemical properties, porphyrins are appealing units to
incorporate into multicomponent systems to build switchable systems.*® 2 Indeed, porphyrins
have been extensively used as light harvesting antenna for artificial photosynthesis,?"%°
sensitizers for solar cells?® 27 and for the development of photonic, electronic or optoelectronic
systems.?® 2% In that context, photoinduced energy transfer from zinc porphyrin (ZnP) to free
base porphyrin (P2H) is a well-established process.?® 24 30. 31

We were, therefore, interested in the development of a redox switch in which the efficiency of
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the photoinduced energy transfer between the two porphyrins would be controlled via the
oxidation state of an electroactive bridge such as a ruthenium bis-acetylide complex (Chart 1).
Indeed, group 8 metal acetylide complexes displaying strong ligand-mediated electronic effects
are attractive redox-switchable building blocks for the realization of functional materials.*?*’
This is the direct consequence of the ligand character of the highest occupied molecular orbital
(HOMO) resulting from the overlap of a metal d() and an appropriate m-orbital of the carbon-
rich ligand.**-> In particular, with ruthenium complexes of the type [CIRu(dppe)2(-C=C-Aryl)]
(dppe = 1,2-bis(diphenylphosphino)ethane), the level of involvement of the carbon rich ligand
in the redox processes is found to be major, and such acetylides allowed the redox control at
low potential of dithienylethene units®* to reach unique multifunctional molecular junctions,’*

9-61 a5 well as the first

56 the redox control of chiroptical,’’ NLO® or magnetic properties,
switching of the NIR Yb(III) and Nd(III) luminescence.®* % Luminescence control of porphyrin
units was previously reported in different dyads involving a tetrathiafulvalene (TTF)*® ¢ and
ferrocene redox units.%® 5" More recently studies with redox active iron or ruthenium acetylides
metal complexes were reported. %8 % In all cases, the fluorescence of the porphyrin is partially
or totally quenched in the neutral state of the nearby redox unit and is restored upon oxidation
of the latter.

Herein, we describe our work exploring the possibility to trigger the fluorescence signal of two
original systems through the oxidation of the ruthenium acetylide bridge. More specifically,
two electrochemically switchable systems —a dyad and a triad composed of porphyrins
connected to a ruthenium acetylide complex— were prepared and their electrochemical and
fluorescence properties investigated (Chart 1). In the dyad, limited fluorescence of the
porphyrin was reversibly quenched between an ON and OFF state by an electrochemical signal
controlling the redox state of the ruthenium complex that triggers an electron transfer quenching
with the oxidized form of the latter. In the triad, the fluorescence of both porphyrins are
independent of the redox state of the ruthenium bridge owing to efficient photoinduced charge

transfers with the ruthenium complex.



Results and Discussion

1. Synthesis of organometallic switches

The preparation of the targeted complexes 3 and 5 were achieved following the well-established
procedure to obtain ruthenium o-arylacetylide and unsymmetrical bis(c-arylacetylide)
complexes.** *3 First, as displayed in Scheme 1, the ruthenium precursor [(dppe).RuCI](OTf) 2
was reacted with one equivalent of the ethynyl-metalloporphyrin ZnP-C=C-H 1'° bearing a
terminal alkyne group. Subsequent in situ deprotonation of the intermediate vinylidene [CI-
Ru=C=CH-ZnP](OTf) afforded complex 3 in good vyield (71 %). Further reaction of this
compound with the free base H,P-C=C-H (4), in the presence of a non-coordinating salt
(NaPFs) and a base (EtsN), led to the substitution of the chlorine atom to yield the bis(c-
arylacetylide) complexes 5 (59%). These two new species were characterized by means of 3P,
'H, C NMR, IR, and mass spectroscopies. FTIR measurement shows the expected
characteristic vic=c) acetylide vibration stretch at 2056 and 2058 cm™ for 3 and 5, respectively.
The trans arrangement on the ruthenium centers as well as the formation of a single complex
in each reaction were established by the observation of a one sharp resonance peak in the 3P
NMR spectra for the four phosphorus atoms in the typical regions for c-arylacetylides (3) and
bis(c-arylacetylide) (5) at § = 48.9 and 53.2 ppm, respectively. *H NMR spectra also indicate
that the complexes are effectively substituted with the porphyrin moieties in 3 and 5 with the
observation of the expected integration ratio between the signals of the CH2 groups of the dppe
ligands and those of different protons on the porphyrin units (see experimental part). The high

resolution mass spectrometry analyses are also fully consistent with these new structures.
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Scheme 1. Synthetic route to the dyad 3 and triad S.

2. Electrochemical Studies

Cyclic voltammetry (CV) was used to study the electrochemical behavior of the complexes
(CH2ClIy, 0.2 M BusNPFe). Characteristic data are reported in Table 1 and typical CV traces are
presented in Fig. 1. For complex 3, three one electron oxidation processes are observed. By
comparison with [Cl(dppe)Ru-C=C-Ph]’* and ZnP-C=C-H" oxidation potentials, the first
oxidation event is a fast reversible monoelectronic process assigned to the organometallic core
with a characteristic potential value (around 0 V vs. FeCp2/FeCp2"), whereas the two higher
potential processes are ascribed to two successive oxidations of the metalloporphyrin unit. Note
that the value of the oxidation potential of the central ruthenium unit indicates that the latter
behaves as an electron donor to the porphyrin excited state (see below), as already reported.®®
Indeed, the oxidation potentials of the porphyrin unit in the dyad 3 is cathodically shifted
compared to the unsubstituted porphyrin models. Concerning the triad 5, three oxidation events
are also observed. After comparison with [(dppe)2Ru-(C=C-Ph),]"? and H2P-C=C-H"® oxidation
potentials, the first two oxidations are ascribed to the ruthenium and ZnP units, respectively, as

in dyad 3, while the third one is rather the result of the oxidation of the free base unit, the second



oxidation of the ZnP unit being shifted out of the electrochemical window. Indeed, free base
porphyrins are known to be more difficult to oxidize than their zinc analogues.” ™ The
oxidation potential of the ruthenium complex and of the porphyrin unit moieties are barely
affected upon their attachment. These facts are indicative of a weak electronic communication

between the different fragments in the ground state in the dyad 3 and the triad 5.

LI BN B B L L L BN
03 00 03 06 09
E /Vvs. Cp,Fe”

c
Fig. 1. CV traces of dyad 3 (up) and triad 5 (down) in CH>Cl, (0.2 M BusNPFs, v =100
mV.s™).
Table 1. Electrochemical data®
E°/V
E°(0/+) E°(+/2+) E°(2+/3+)
3 0.008 0.316° 0.630°
5 -0.004 0.325° 0.518°
ZnP-C=C-H (1)¢ 0.250 0.580
H,P-C=C-H (4)° 0.490 0.610
[CI(dppe)Ru-C=C-Ph]¢ 0.010 0.890°
[(dppe)2Ru(-C=C-Ph).] -0.050 0.794f

2 Sample 1 mM, BusNPFs (0.2 M) in CHxClp, v = 100 mV-s™!, potentials
are reported in V vs. FeCpa/FeCp," as an internal standard,’® reversible
oxidation processes, AE,~ 60 mV. ? AE,~ 80 mV. ¢ AE, ~ 130 mV. ¢ from
reference 7°. ¢ from reference . fPeak potential of an irreversible process



3. Electronic absorption spectra

The absorption spectra of the dyad 3 and of the triad 5 were recorded in dichloromethane and
are shown in Fig. 2. The wavelengths of the absorption maxima and the values of the molar
extinction coefficients are gathered in Table 2. The spectra of 3 and 5 are dominated by the
intense absorption bands of the porphyrin chromophores, namely an intense Soret band
corresponding to SO—S2 transition around 420 nm. The latter is twice more intense in the triad
5 relative to that in the dyad 3 due to the presence of two porphyrin units displaying similar
maximum absorption wavelengths (Table 2). The Q-bands correspond to transitions leading to
the first singlet excited state (S0O—S1). They appear as two vibronic overtones for the zinc
porphyrin unit at 551 and 594 nm in 3, while the free base porphyrin exhibits four bands at 516,
555, 594, 653 nm, with two that superimpose with those of ZnP unit in 5. Accordingly, selective
excitation of the free base porphyrin in 5 can be achieved by excitation in the lowest energy Q-
band (653 nm), while ZnP cannot be selectively excited. There is no significant shift between
the absorption maxima of 3 and 5 with those of the porphyrin precursors 1 and 4 which confirms
that the ground state electronic interactions with the neighboring ruthenium complex are weak.
This is the direct consequence of poor electronic m-conjugation between the porphyrin and the
meso phenyl substituent, which orients with a dihedral angle of circa 60°.3° The reference
ruthenium bis(c-arylacetylide) complex [(dppe).Ru-(C=C-Ph),] displays an absorption band at
330 nm usually described as multiconfigurational metal-to-ligand charge transfer (MLCT)
excitations corresponding to transitions from Ru(dr)/alkynyl-based orbitals to metal/ligand
antibonding orbitals combined with intraligand = — n* character.>® 76 In the present complexes,
this transition is barely visible because it overlaps with the more intense porphyrin transitions

in this region.

Table 2. UV-vis absorption data recorded in CH>Cl»

Compound Amax/nm (e/mol L'cm™)
[(dppe):Ru-(C=C-Phy]* 243 (12.8 10%); 330 (8.1 10°)
3 422 (3.22 10%);551 (1.45 10%); 594 (6.3 10°)
5 422 (8.5 10%); 516 (3.02 10%); 555 (3.02 10%;

594 (2.36 10%); 653 (1.09 10%)

2 taken from reference 76
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Fig. 2. Absorption spectra of the dyad 3 (dashed line) and of the triad 5 (solid line) recorded
in dichloromethane. Insert : expansion of the Q-band region.

4. Fluorescence properties

The fluorescence properties of the dyad 3 and triad 5 were measured in CH>Cl>. Upon excitation
in the ZnP band at 550 nm, the dyad 3 exhibits two emission bands characteristic of this
porphyrin centered at 605 and 652 nm. The triad 5 exhibits also two major emission bands, but
located at 650 and 720 nm when excited at the same wavelength where both the free base
porphyrin and ZnP units absorb. These latter emission wavelengths are very close to what is
observed with the free base porphyrin 4,7 suggesting that an energy transfer process occurs
from the zinc porphyrin to the free base, because the two emission bands of ZnP observed in
the dyad 3 are weak. However, both compounds have a fluorescence quantum vyield
significantly lower than that of the reference free base porphyrin and of the zinc porphyrin.
(Table 3). For example, the quantum yield of 3 has been measured to 0.4%, a value which is
much lower than for the single zinc porphyrin unit (typically 4.5% for Znre'’). The lower
fluorescence quantum yield of the porphyrin in the dyad 3 and triad 5 can be attributed to a
reductive quenching process as supported by the Gibbs free enthalpy calculations (Table 4).
Clearly, this reaction has a high driving force both from ZnP* and P2H* and is most certainly
the major deactivating process of the fluorescence in the dyad 3 and triad 5, although this
photoinduced hole transfer reaction is not complete in both compounds.
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Fig. 3. Emission spectra of the dyad 3 and triad S recorded in CH>Cl; solution upon
excitation at 550 nm.

Table 3. Fluorescence properties of 3 and 5 measured in CH>Clzsolution at 630 nm.

Compound Quantum yield

aP2H ref 0.19
aZNPref 0.045
3 40103
5 3.9103
aP2Hs = tetrakis(3,5-ditertbutyl-phenyl)
porphyrin;  ZnPe =  tetrakis(3,5-

ditertbutyl-phenyl) zinc porphyrin, data

taken from reference.”™

Table 4. Photioinduced charge transfer driving forces from the singlet zinc and free base
porphyrin as calculated from the simplified Rehm-Weller equation.”

ZnP* — Ru—- ZnP~ — Ru* P2H* — Ru—- P2H ™ — Ru*

-AG (eV) 1.29 1.18P

acalculated from the equation: AG = E(Ru*®) — E(ZnP/ZnP") — Eqo(ZNnP): with Eqo(*ZnP*) = 2.1 eV and E(ZnP/ZnP-
) = —0.81 V vs FeCp./Fe*Cpa. °AG = E(Ru*®) — E(P2H/P2H") —Eqo(P2H): with Eq(*P2H*) = 1.8 eV and
E(P2H/P2H") = -0.62 V vs FeCp2/Fe*Cp2 (See Figure S1).
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5. Electrofluorochromism

We have successively investigated the electrofluorochromic (EFC) properties of the two
compounds of interest: namely the dyad 3 and the triad 5 using either a spectroelectrochemical
thin layer cell® or an epifluorescence microscope set-up.® In the former case, the excitation
and the emission wavelengths can be accurately controlled over the whole UV-vis range while
a platinum grid electrode is used to control the potential, but in the latter case the sensitivity is
much higher since the emission is directly measured where excitation is focused and the
electrochemically driven modulation can be applied at relatively high rates. Fig. 4 shows the
EFC of 3 recorded in a spectroelectrochemical thin layer cell (Aex = 550 nm, Aem =650 nm). The
CV allowed us to set the potential values in order to control the successive redox states of the
molecule. The first oxidation process, centered on the Ru center, is reached at ca. 0.6 V vs
Ag/Ag* (Fig. 4B) while the second oxidation reaction, centered on the porphyrin core, is
reached at 1.0 V (Fig. 4C) in these experimental conditions (especially with a Ag wire pseudo-
reference). In both cases, the fluorescence intensity decreases upon oxidation and returns to its
initial value upon reduction to the initial state. It can be clearly observed that the modulation is
larger as the oxidation potential reaches more positive values. Interestingly, the first oxidation
centered on the Ru unit (0.6 V in Fig. 4) leads to a further fluorescence decrease, contrary to
what was expected when compared to the other similar porphyrin systems appended to a

ferrocene,’” 8 a TTF, %% or an iron/ruthenium bisacetylide complex.®?
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Fig. 4. EFC of 3 in CH2Cl, (1.8 mM) measured in a thin layer spectroelectrochemical cell:
(A) CV at5 mV/s, (B-C) Fluorescence (blue trace) and current (red trace) upon three successive
potential steps from 0 to 0.6 V (B) or 1.0 V (C) and back to OV.

To further investigate the EFC properties of 3, the same experiment was performed under an
epifluorescence microscope with a tailored cell containing a solution of 3 under electrochemical
control. This more sensitive technique also impedes any artefact likely to come from the counter
electrode reaction. Fig. 5B shows the modulation of fluorescence intensity recorded at 654 nm
(Aex =447 nm) under wide field excitation when a double potential step is applied to the working

ITO electrode. The first potential step is a blank experiment (no redox switch).
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black trace shows the current recorded simultaneously.

The general trend is again similar with a decrease of the fluorescence intensity upon oxidation
followed by a fluorescence recovery upon subsequent reduction, whatever the oxidation state
that was reached in the molecule. The amplitude of the modulation gradually increases when
the final potential is more positive up to 1.2 V. Thus, once again, oxidizing the Ru center does
not restore the fluorescence as ferrocene oxidation does in ferrocene-porphyrin conjugates®’
and in Akita’s shorter conjugated Ru-ZnTPP system,® but on the contrary, it enhances the
guenching. At more positive values, oxidation of the zinc porphyrin occurs and the fluorescence
intensity further decreases until saturation near 1.2 V, where no further oxidation takes place.
At that potential, the main species at the electrode is the twice oxidized species (ZnP*-Ru*)
which is non emissive at all.

Two possible mechanisms can be envisioned to explain the fluorescence modulation upon
oxidation of the Ru bisacetylide core: either photoinduced charge transfer (PICT), or energy

transfer (ET) might occur between the porphyrin excited state (ZnP*) and the oxidized
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diethynyl system (Ru*) center. From the thermodynamic point of view, the oxidized ruthenium
center probably oxidatively quench the singlet excited sate of ZnP (ZnP*), because ZnP* is a
good electron donor and this mechanism was postulated before by Beeby et al in a porphyrin-
TTF system.®® Furthermore, this process is supported by the significant driving force of the
oxidative quenching reaction, deduced from the redox potentials and energy position of the
singlet excited state (Eoo(1ZnP*)) of the zinc porphyrin (Table 5). The larger driving force of
this process relative to that of the reductive quenching explains the higher degree of quenching

of ZnP* and thus the lower emission intensity after oxidation of the ruthenium complex.

Table 5. Photioinduced electron transfer driving forces from photoexcited porphyrin to the
oxidized Ru unit calculated from the simplified Rehm-Weller equation.”

ZnP* — Rut - ZnP* — Ru P2H* — Rut - P2H* — Ru

-AG (eV) 1.78° 1.28°

2 calculated from the equation: AG = E(P*/P) - E(Ru*®) — Eg(ZnP): with Eq(*ZnP*) = 2.1 eV and
Eoo(*ZnP*) = 1.8 eV (See Figure S1).
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Fig. 6. Overlay of the emission spectrum of ZnP (dotted purple line, right scale) with the

absorption spectrum of 3 (green line) vs. 3* (orange line) in CH>Cl,.

To get insight into the possibility of an energy transfer to the oxidized ruthenium core, an
absorption spectroelectrochemical study was performed on 3 using the identical thin layer
spectroelectrochemical cell.®° Fig. 6 shows the superimposition of the emission spectrum of the
zinc porphyrin ZnP with the absorption spectra of the dyad 3 and its first oxidized form 3*. This
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latter was obtained by selecting the absorption at a potential where the first oxidation is
complete (0.7 V) allowing to assume that the oxidized ethynyl ruthenium concentration is equal
to the one of the solution at the beginning (open circuit conditions). The absorption growth
observed over 600 nm can be ascribed to the bis-acetylide oxidation by comparison with the
absorption spectroelectrochemistry of similar Ru moieties.’® However this absorption increase
remains very small and thus although the energy overlap is slightly greater in the case of 3%, it
cannot be considered as responsible for the quenching observed upon oxidation of 3. In light of
the fluorescence and EFC properties 3, we conclude that electron transfer from ZnP to the
oxidized ruthenium unit is probably the main deactivation process at the origin of the
fluorescence modulation.

Based on the above results one might expect that the triad 5 will behave similarly as the dyad
3, that is, exhibit a higher quenching upon oxidation of the ruthenium center. Surprisingly, this
is not the case, as shown in Fig. 7, where the fluorescence intensity is recorded upon applying
double potential steps using the fluorescence microscope. More specifically, while almost no
modulation can be seen at the first oxidation stage (see pink trace in Fig. 7B), in the triad 5 the
guenching occurs only when the zinc porphyrin oxidation starts (red trace in Fig. 7B). The
recovery is not complete upon reduction in relation with the lack of full reversibility observed
in the backward scan of the CV, probably due to the partial degradation.®®

Thus, on the basis of the process observed in 3, as there is no effect of the ruthenium redox state
in the fluorescence of the triad 5, even using the most sensitive fluorescence detection, one can
first assume that the energy transfer mechanism between the zinc and free base porphyrins does
not contribute significantly to the P2H emission, most reasonably because it is slower than the
charge transfer processes. This can be understood by the shorter distance between the porphyrin
and the ruthenium complex and the large Gibbs free energy of all the charge transfer processes
(see below). The emission spectrum displays essentially two bands at 650 and 720 nm that are
characteristic of the free base porphyrin and a weak band at 600 nm, assigned to a residual
emission of ZnP. On the other hand, the free base porphyrin emission intensity is not modulated
by the oxidation of the ruthenium complex at 0.3 V because for the free base porphyrin the
magnitude of the reductive quenching by Ru(ll) is similar to that of the oxidative quenching by
the oxidized ruthenium center owing to similar driving forces (Tables 4 and 5). Overall, the
nature of the quenching mechanism changes, but the degree of fluorescence extinction is barely
modified. This peculiar behavior precludes us from triggering the fluorescence of the
porphyrins in the triad 5 by switching the oxidation state of Ru center. Naturally, the oxidation
of ZnP in the triad 5 at 0.6 V induces a drop of emission intensity of the residual ZnP

15



fluorescence band (at 600 nm, Fig. 7C, purple trace), but a lower modulation of the band at 656
nm (assigned to both ZnP and P2H) and even lower at 725 nm, since the latter is essentially a
pure P2H emission. This is the consequence of the above mentioned inefficient energy transfer

from ZnP to P2H compared to charge transfer from ZnP to Ru in the present conditions.
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Fig. 7. A) CV of triad 5 in DCB (50 mV/s); B) Fluorescence intensity at 654 nm (Aex = 447 nm)
and electrochemical current (black trace) for potential steps from 0 to 0.3 V (pink) 0.6 V (red),
0.8 V (green) and 1.0 V (purple) and back to 0 V, applied to triad 5 in DCB. C) Variation of
fluorescence intensity recorded at various emission wavelengths (blue: 600 nm; green: 656 nm

; pink : 725 nm) at the indicated potential.
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Conclusion

In this work we have demonstrated that the dyad 3 exhibits a redox driven switch of the
fluorescence, since the interconversion of the redox state of the nearby ruthenium complex is
indeed accompanied by a reversible modulation of the fluorescence intensity of ZnP. The most
probable quenching process involved in the oxidized dyad is the electron transfer from the
singlet excited state of ZnP to the oxidized diethynyl ruthenium unit. Upon oxidation of the
ruthenium center in the triad 5, a different behavior is observed since the oxidation of the Ru
center has clearly no impact on the fluorescence of the system because the degree of oxidative
and reductive quenching is similar from the singlet excited state of the free base porphyrin. The
modulation of the energy transfer from ZnP* to an energy acceptor fluorophore via the
oxidation state of the ruthenium complex can be, however, still envisioned in the future by using
another spacer to modulate the rate of charge transfer reactions or by choosing an energy
acceptor fluorophore, which exhibits a different degree of quenching with neutral Ru(ll) than
with the oxidized ruthenium state. We believe that this study can guide the molecular
engineering of new redox driven switchable photoluminescent systems with improved

performances.
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Experimental Section

General comments: The reactions were carried out under inert atmosphere using Schlenk
techniques. Solvents were dried and distilled under argon using standard procedures. The
ruthenium precursor [(dppe).RuCI](OTf),”* H,P-C=C-H and ZnP-C=C-H™® were prepared as
previously reported. NMR spectra were recorded on a Bruker AC 200 or a Bruker AC 300P
respectively at 200 MHz and 300 MHz for 'H, at 75 MHz for 3C and 81 MHz for 3P. IR spectra
were recorded on an IFS 28 Bruker spectrometer. High resolution mass spectra (HRMS) were
recorded in Rennes at the CRMPO (Centre Régional de Mesures Physiques de I’Ouest) on a
Bruker MicrO-Tof-Q 2 spectrometer.
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trans-[Ru(dppe)2(C=C-1,4-CsHs-ZnP)CI] (3). [Ru(dppe).CI]OTf 2 (61.4 mg, 0.057 mmol)
and ZnP-C=C-H 1 (59 mg, 0.0057mmol) were degassed under vacuum for 1 hour. The solids
were then dissolved in dichloromethane (6 mL). The resulting red-brown reaction mixture was
stirred at room temperature for 3 h. The solution was then evaporated under reduced pressure
to yield a green solid. The latter was washed with pentane (10X3 mL) to remove any trace of
ZnP-C=C-H. At this stage the formation of the vinylidene adduct was checked with
phosphorous NMR (0 = 38.7 ppm). The obtained solid was dissolved in dichloromethane (3
mL) and reacted with triethylamine (0.3 mL). The solution was then evaporated under reduced
pressure. After extraction of the obtained solid with ether (4X1.5 mL) and evaporation to
dryness, the product was isolated as a green solid (80.0 mg, 0.041 mmol, 71 %). 'H NMR (400
MHz, CD2Cl,): 6 9.09 (d, 2H, *J = 4.4 Hz, Hp), 9.03 (d, 2H, °J = 4.4 Hz, Hp), 8.97 (m, 4H, Hp),
8.13 (s, 4H, o-mesityl), 8.12 (s, 2H, o-mesityl), 7.99 (d, 2H, *J = 7.6 Hz, C¢H4), 7.87 (m, 3H,
p-mesityl), 7.64 (m, 8H, 0-CsHs (dppe)), 7.46 (m, 8H, 0-C¢Hs (dppe)), 7.30 (m, 8H, p-CeHs
(dppe)), 7.10-7.16 (m, 18H, m-C¢Hs (dppe) and C¢Ha), 2.84 (m, 8H, PCH>CH,P). *C{'H}
NMR (100 MHz, CD,Cl»): 0 150.8, 150.7, 149.1, 142.4, 137.7, 137.8 and 136.5 (m, ipso-C¢Hs
(dppe)), 135.0 and 134.7 (o-C¢Hs (dppe)), 134.5, 132.4, 132.3, 132.2, 130.0 (2 signals), 129.4
and 129.3 (p-CsHs (dppe)),128.6, 127.8 and 127.4 (m-CsHs (dppe)), 122.6 and 121.4 (Cmeso),
114.0, 35.4 (CMes), 31.9 and 29.8 (CMes) 31.2 (m, PCH,CH2P). 3'P{'H} NMR (161 MHz,
CD:Cl): 6 48.9 (s, dppe). FT-IR (cm™!, ATR) = 2056 (m, vc=c). ESI (+) HRMS (m/z) : [M]* =
1968.6738 (calcd 1968.67163).

trans-|Ru(dppe)2(C=C-1,4-C¢H4-PH2)(C=C-1,4-CcH4-ZnP)| (5). NaPFs (15 mg, 0.089
mmol), H,P-C=C-H 4 (36 mg, 0.037 mmol) and 3 (66 mg, 0.0033 mmol) were degassed under
vacuum for 1 hour. The solids were then dissolved in a mixture of dichloromethane (10 mL)
and triethylamine (1 mL). The resulting green-brown reaction mixture was stirred at room
temperature for 3 h. The solution was then evaporated under reduced pressure. The obtained
solid was washed with methanol (5X1 mL) and pentane (2 X 1 mL), and dried under vaccum.
The product was then isolated as a purple solid (57 mg, 0.020 mmol, 59 %). '"H NMR (500
MHz, CD>Cl): 6 9.12 (d, 2H, *J = 4.6 Hz, Hp), 9.02 (m, 4H, Hp), 8.97 (m, 4H, Hg), 8.93 (d,
2H, *J = 4.5 Hz, Hp), 8.88 (m, 4H, Hp), 8.11 (m, 8H, o-mesityl), 8.08 (d, 4H,*J = 1.5 Hz, o-
mesityl), 8.05 (bs, 4H, CsH4) also appears as doublet depending on cond., 7.84 (m, 6H, p-
mesityl), 7.76 (bs, 16H, 0-C¢Hs (dppe)), 7.28 (t, 8H, °J = 7.5 Hz, p-CsHs (dppe)), 7.15 (t, 16H,
3J = 7.5 Hz, m-C¢Hs (dppe)), 7.2 (bs, 4H, CsHa) also appears as doublet depending on cond.,
2.87 (m, 8H, PCH>,CH>P), 1.54 (m, 108H, CMes), -2.72 (bs, 2H, NH). *C{'H} NMR (100
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MHz, CD,Cly): 6 150.8, 149.3, 149.1, 142.3, 141.7, 137.8 (m, ipso-CsHs (dppe)), 134.9 (0-CsHs
(dppe)), 134.7, 134.6, 132.4, 130.1, 130, 129.3, 128.7, 128.6, 129.1, 127.7 (m-CsHs (dppe)),
122.7, 122.4, 121.7, 121.4 (Cmeso),117.3, 35.4 (CMe3), 31.9 (CMe3) 31.0 (m, PCH,CH,P).
3IP{'"H} NMR (161 MHz, CD»CL): 6 53.2 (s, dppe). FT-IR (cm™, ATR) = 2058 (m, vc=c). ESI
(+) HRMS (m/z) [M+H]" =2908.3185 (calcd 2908.32542).

Electrochemical studies were carried out under argon using an Eco Chemie Autolab PGSTAT
30 potentiostat (CH2Cl2, 0.2M BusNPFg), the working electrode was a Pt disk, and ferrocene
the internal reference. Spectroelectrochemical studies in thin layer cell were carried out in
dichloromethane (spectroscopic grade from SDS) and at concentrations 10 pmol.L-1 for
absorption and 1 umol.L-1 for fluorescence. UV/vis absorption spectra were recorded on a
Varian Cary 500 spectrophotometer. Fluorescence emission and excitation spectra were
measured on a SPEX fluorolog-3 (Horiba Jobin-Yvon). For emission fluorescence spectra, the
excitation wavelengths were usually set equal to the maximum of the corresponding absorption
spectra. Sulforhodamine 101 in ethanol (®F = 0.9) was used for the determination of the relative
fluorescence quantum yields. The fluorescence decay curves were obtained with a time-
correlated single-photon-counting (TSPC) method using a titanium-sapphire laser (1015 nm,
82 MHz, repetition rate lowered to 0.8 MHz thanks to a pulse peaker, 1 ps pulse width) pumped
by an argon ion laser. A doubling or tripler crystal is used to reach 495 and 355 nm excitations.
Data were analyzed by a nonlinear least-squares method (Levenberg-Marquardt algorithm)
with the aid of Globals software (Globals Unlimited, University of Illinois at Urbana-
Champaign, Laboratory of Fluorescence Dynamics). Pulse deconvolution was performed from
the time profile of the exciting pulse recorded under the same conditions by using a Ludox
solution. To estimate the quality of the fit, the weighted residuals were calculated. In the case
of single photon counting, they are defined as the residuals, that is, the difference between the
measured value and the fit, divided by the square root of the fit. %? is equal to the variance of
the weighted residuals. A fit was said to be appropriate for y*> values between 0.8 and 1.2.

Electrochemical and eletrofluochromic measurements under microscope were performed in a
home-made three-electrode low volume cell. Counter and pseudo-reference electrodes are Pt
and Ag wires respectively. The home-made cell containing the electroactive fluorophore in the
electrolyte solution is connected to a potentiostat (CHI600, CH Instruments). The
epifluorescence microscope used in the electrochemically monitored fluorescence study is an

inverted microscope (Nikon, Ti-U) equipped with either a x100 objective (numerical aperture:
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1.49) for TIRF, or a x40 objective (numerical aperture: 0.75) for far field direct excitation

measurements. The set-up is similar to the one used in ref. 15. Wavelength selection is operated

through filters and dichroic mirrors (see the spectral features in Fig.s 1 and 4). The spectral

features of the excitation lamp can be also found in ref 15. The fluorescence intensity is recorded

by a PCO pixelfly QE USB camera (ADC/14 bit @ 12 MHz) and time lapses are recorded using

multi-dimensional acquisition module on Micro-Manager at 4.9 fps.
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