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by the development of bands centered at λmax = 455, 769, 856, 1052 and 
1226 nm (# in Fig. 20). Further reduction of that species (1 to 2 e/moles 
exchanged) then led to the consumption of [Y]•− in favor of a new set of 
intense signals centered at λmax = 410, 593 and 635 nm (@ in Fig. 20a), 
which have previously been shown to be diagnostic features of [HY]¡

(see Fig. 6c and Eq. (13)). This attribution was confirmed by RDE and CV 
measurements conducted after completion of the electrolysis (Fig. 20b 
and d) showing no trace of the expected dianion [Y]2−, but only an 
irreversible wave at ~ −0.6 V attributed to the oxidation of the in-situ 
generated species [HY] ¡ (see Fig. 13b and the associated discussion). 
The proposed mechanism to account for the formation of [HY] ¡ by two- 
electron reduction of Y is shown in Fig. 22. 

The two first electrochemical steps are the successive one electron 
reduction of Y (Eqs. (18) and (19) in Fig. 22) yielding the dianionic 
species [Y]2- which could not be observed in our experimental condi-
tions as it spontaneously get protonated to afford [HY]¡ (Eqs. (18) and 
(19) in Fig. 22). The source of proton in this reaction still remains un-
clear as all reactants have been carefully dried before use, but a plausible 
hypothesis is that it comes from protic impurities present in the elec-
trolyte (solvent + 0.1 M TBAPF6). A careful examination of the CV curve 
shown in Fig. 20c also reveals the presence of two weakly intense 
reduction waves at Epc = −0.64 and −1.15 V (★in Fig. 20c) on the 
backward scan which were attributed to the existence of chemical steps 
coupled to the one electron oxidation of [HY] ¡. This assumption was 
confirmed upon carrying out an electrolysis of that compound at Eapp =
−0.25 V. The absorption spectra collected over time during this one 
electron oxidation as well as the electrochemical data collected after 
completion of the experiment are collected in Fig. 21. 

From a spectroscopic point of view, application of E9 = −0.25 V first 
led to a decrease in the intensity of the signals attributed to [HY] ¡ and 
to the development of new bands at λmax = 455, 769, 856, 1052 and 
1226 nm (step 1 in Fig. 18) attributed to [Y]•¡. This intermediate 
compound was then found to be transformed in the last stage of the 
experiment into a mixture of products featuring absorption maxima at 
441, 501, 533 and 600 nm. These characteristic signals reaching 
maximum intensities after exchange of 1e/moles were readily attributed 
to an equimolar mixture of Y (441 and 600 nm) and H2Y (501 and 533 
nm). This attribution was then confirmed by electrochemical measure-
ments (CV and LSV at RDE) with the observation of two consecutive 
reduction waves at E1/2 = −0.605 V and Ep = −1.13 V, matching those 
obtained for Y (see Fig. 12a), and of an irreversible oxidation wave at Ep 
= 0.5 V (not shown on Fig. 12a, Fig. S33) matching that observed for 
H2Y. The stoichiometry of the reaction, initially assessed from the 

relative intensities of the bands attributed to H2Y and Y in the spectra 
shown in Fig. 21a, was also confirmed upon comparing the intensities of 
the diffusion limited currents recorded at a RDE before (grey curve in 
Fig. 21b) and after (black curve in Fig. 21b) electrolysis. The loss of 
about half the intensity of the reduction waves centered on Y is indeed 
fully consistent with the conclusion that half the number of moles 
initially present in the cell could be recovered after one-electron 
oxidation of [HY] ¡, the other half being converted into H2Y. The 
PCET mechanism proposed to explain such behavior is detailed in Eqs. 
(22)-(24), Fig. 22. It starts with the one electron oxidation of [HY]¡

yielding the neutral radical [HY]• which reacts with the more basic 
species [HY]¡ through proton transfer to afford a mixture of H2Y and 
Y•¡. This latter anion radical is not stable at the applied potential E9 and 
thus is oxidized into Y. This mechanism makes it possible to account for 
the stoichiometry of the transformation (Eq. (24) in Fig. 20) and also, for 
the formation of Y•− as an intermediate. The fact that Y•− is not spon-
taneously oxidized at the electrode might be explained by the “slow” 
kinetics of Eq. (23) (Fig. 22). 

Fig. 20. a) UV–Vis spectra recorded over time during the exhaustive reduction 
(1 e/moles) of Y (0.5 mM in 10 mL of DCE + 0.1 M TBAPF6) at E8 = −1.45 V (Pt 
grid, l = 1 mm). b) Voltamperometric curves recorded at a rotating disk elec-
trode (ø = 3 mm, 0.01 V.s − 1, 500 rad.min−1) before (dashed line) and after 
(black thick line) exhaustive reduction of Y at E8 (1 e/moles). c) Voltampero-
metric curves recorded at a static vitreous carbon working electrode (ø = 3 mm, 
0. 1 V.s − 1) and after exhaustive reduction of Y at E8 (1 e/moles). 

Fig. 21. a) UV–Vis spectra recorded over time during the exhaustive reduction 
(1 e/moles) of [HY]− (generated in-situ by reduction of Y, see Fig. 20) at E9 = −
0.25 V (Pt grid, l = 1 mm). b) Voltamperometric curves recorded at a rotating 
disk electrode (ø = 3 mm, 0.01 V.s − 1, 500 rad.min−1) before (dashed line) and 
after (black thick line) exhaustive reduction of [HY]− at E9 (1 e/moles). c) 
Voltamperometric curves recorded at a static vitreous carbon working electrode 
(ø = 3 mm, 0. 1 V.s − 1) after exhaustive reduction of [HY]− at E9 (1 e/moles). 

Fig. 22. Proposed mechanism following the reduction of Y at E8 and the back 
oxidation of [HY]− at E9. 
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