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S1. lllustration of the ECL Analytical System
As shown in Fig. S1, the custom ECL analysis system used for measuring ECL intensity consisted of
an electrochemical workstation (CHI 832C, CH Instrument), a counting unit (Hamamatsu, C8805-

01) and a photon counting detector (Hamamatsu, CH277).5!

Counting Unit

Photo Counting
Detector

Fig. S1 lllustration of the custom upright ECL analytical system.
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S2. Electrochemical Reduction of O,

Fig. S2 displays the variation of linear scan voltammetry (LSV) curves of GCE in O,-saturated PB

solution with the scan rate. The magnitude of peak current is linearly related with the square root

of scan rate, suggesting the electrochemical reduction of O, at GCE surface is diffusion-controlled.
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Fig. S2 (a) LSV curves in O,-saturated PB solution (0.2 M, pH = 7.0). The scan rate was varied from 10 to 200 mV
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S3. Variation of ECL Intensity upon Addition of Radical Scavengers
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Fig. S3 Variation of ECL intensity at different potentials in O,-saturated PB solution (0.2 M, pH 7.0) containing 100
1M LO12 upon the addition of BQ (50 uM) and IPA (10 mM) as the radical scavenger. The potential was applied for
20 s.
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S4. Effect of Radical Scavengers on ORR

As shown in Fig. S4, CVs of GCE in IPA solution are almost the same with those in blank PB solution,
indicating that the addition of IPA barely affected the electroreduction of O, at GCE. As for BQ, a
pair of redox peaks were observed, resulting from the redox reaction of BQ. Nevertheless, the
magnitude of the redox peaks was much smaller than that of oxygen reduction peak at ca. 0.7 V
and the redox peak potential of BQ was much positive than that of oxygen reduction. Therefore,

the effect of BQ on the electroreduction of O, at GCE was negligible.
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Fig. S4 CVs of GCE in (a) Ar-saturated and (b) O,-saturated PB solution (0.2 M, pH = 7.0) without and with the radical
scavengers. The concentrations of BQ and IPA were 50 uM and 10 mM, respectively. The scan rate was 0.1 V/s.
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S5. ECL Curves Obtained with Different Concentrations of L012
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Fig. S5 Variation of ECL intensity with time at different applied potentials in PB solution (0.2 M, pH 7.0)
containing 50 uM L012: -0.3 V (a, b), —0.4 V (c), —0.5 V (d), —0.6 V (e), —0.7 V (f). The potential was applied
for 20 s. The solutions were saturated with O,.
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Fig. S6 Variation of ECL intensity with time at different applied potentials in PB solutions (0.2 M, pH 7.0)
containing 10 uM L012: -0.3 V (a, b), —0.4 V (c), —0.5 V (d), —0.6 V (e), —0.7 V (f). The potential was applied
for 20 s. The solutions were saturated with 0,.
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S6. ECL Spectrum of the Cathodic System

The ECL spectrum of the cathodic system was recorded by an optic fiber spectrophotometer
(QEpro, Ocean Optics). Restricted by the sensitivity of the spectrophotometer, a GCE with
diameter of 6 mm and a potential of —1 V was used to enhance the signal-to-background ratio of
the spectrum. The ECL spectrum is similar to those of LO12 reported in the literature,2-54 indicating

that the ECL emission was originated from L012.
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Fig. S7 ECL spectrum obtained with a GCE electrode in O,-saturated PB solution (0.2 M, pH 7.0) containing 100 uM
L012. The applied potential was -1 V. Spectral integration time was 10 s.
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S7. Intermediates of L012 During ECL Reactions

The reactants involved in the L012 cathodic ECL process were explored by electrochemistry
coupled mass spectrometry (EC-MS) to confirm the mechanism proposed in Fig. 4. The EC-MS is
composed of an electrochemical flow cell, an easy ambient sonic-spray ionization (EASI) source, a
heating tube and a mass spectrometer. The potential was applied by a CHI 660E electrochemical
workstation (Chenhua, China) in a three-electrode configuration, where glassy carbon electrode,
Ag/AgCl electrode and platinum plate were utilized as WE, RE and CE, respectively. WE and CE
were positioned on the left side and right side of the electrochemical flow cell, respectively.5t 55
And the reduction potential applied was —2 V. In the experiments, the sample solution was injected
into the flow cell at a constant rate of 25 uL min~1. The pressure of nitrogen gas was set at 60 psi
and the temperature of heating tube was kept at 100 °C. The solution used for MS experiments
was the mixture of 0.2 mM phosphate buffer (PB, pH 7.0) and acetonitrile (V:V = 1:1) containing
100 ppm L0O12. All MS data were obtained under negative-ion mode using an LTQ mass
spectrometer (Thermo Fisher Scientic, Waltham, MA, USA). And the Xcalibur software package
was used to analyze the data. The capillary temperature, capillary voltage and tube lens voltage
were kept at 275 °C, 35V and 110V, respectively. The collision induced dissociation was set as 30

V or 35 V. The maximal ion injection time was 30 ms.
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Fig. S8 MS? spectra of (a) LH, (b) L, (c) LO,?~ and (d) AP?~.
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S8. Calculation of Rate Constants

In the potential range from —0.43 V to —0.45 V, k; can be estimated according to the Butler-

Volmer Equation,>6-58

L nF
-j=J exp[—oxE(E—E0 )}

E-E

0

_23RT

anF

log j,

Jo =nFk,[0,]

. 2.3RT

anF

nF
k=k, exp[—aE(E—Eo)}

log(—J)

(S1)

(S2)

(S3)

(S4)

where j and j, represent the cathodic current density and exchange current density. F, R and T are

the Faraday constant, gas constant and temperature, respectively. The bulk concentration of

dissolved oxygen is about 1.3 mM.>® ky and E, are the standard rate constant of electrochemical

reduction and the standard redox potential. The surface area of GCE was 0.071 cm?. Thus, the

current density due to the reduction of O, was obtained from Fig. S8a and b. When the

overpotential (E—£) is larger than 0.1 V, the Butler-Volmer equation can be simplified as eq. S1.

Thus, jo and a can be evaluated from the intercept and slope of the linear curve (Fig. S8c). Thus, kg

was obtained according to eq. S3. Finally, the rate constant at —0.3 V was calculated to be 5.2 x

104 cm st according to eq. S4. If assuming an electron transfer distance of ca. 1 nm, it amounts

to a first order rate constant of 5.2 x 103 s71 (ky).
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Fig. S9 (a) LSV curve in Ar-saturated PB solution (0.2 M, pH = 7.0). (b) LSV curve in PB solution (0.2 M, pH = 7.0). (c)
The relationship between E—£, and the logarithm of the current intensities in the potential range from —0.43 V to

—0.45 V. Ey is the standard redox potential for O,*~. The scan rate was 0.01 V/s.
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The average concentration of 0,*~ generated during ECL reactions can be obtained according to
egs. S5-8. First, the amount of 0, (n) generated during ECL reaction was obtained from the

integrated current in Fig. S9c,

I;idt (55)
zF

n=
where i, t and z represent the current, time and electron transfer number, respectively. The

diffusion length (L) of O,*~ at time t can be calculated by,>1°
L=(nDt): (s6)

where D is the diffusion coefficient of O,*~. Since the surface area (S) of GCE was known (0.071

cm?), the volume of the diffusion layer (V) was obtained,
V=Ls (S7)

Finally, the concentration of 0,*~ ([0,*7]) is calculated to be 433 uM according to eq. S8,
. n
[0 ]= (S8)
According to egs. S4-5, the concentration change of O,*" can be expressed as,

afo-
[d:}:kl [0,]-k [ ][o; T (S9)
where [0,] and [L7] are the concentrations of O, and L-, respectively. Further assuming that the

generation and consumption of O,*" is equal at —0.3 V, namely the variation of [0,*"] is zero, we

have,

(S10)

Since concentrations of O,, L= and 0,*" are 1.3 mM, 0.1 mM and 0.433 mM, respectively, the value

of k, was calculated to be 3.61 x 1012 M2 571,
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Fig. S10 (a, b) i-t curves of GCE in (a) O,- and (b) Ar-saturated PB solutions (0.2 M, pH 7.0) containing 100 M
L012. (c) i-t curve obtained by subtracting i-t curve in (b) from that in (a). The applied potential was —0.3 V.



According to egs. S5-6, the concentration variation of LO,2~ can be obtained by eqgs. $11-13,

d[i;} =k, [L‘][o;— T —k, [LO?} =k [0,]-k, [Loi‘} (S11)
J [mﬂﬁ:ﬂdt (512)

° k[o,]-k[Lo} ]
[0y )5l ey (13)
s
Accordingly, the variation of ECL intensity with time was obtained,
lee, = Pect @ = @ ks [Loi’] =Pk, [0, ](1 - e’ki') (S14)

Finally, the value of k; was calculated to be 0.19 s by fitting experimental curves using eq. S14.
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Fig. S11 Experimental (solid) and simulated (dotted) normalized ECL intensity-time curves at —0.3 V. The data in
Fig. 2a was used.
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$9. UV-visible Absorbance Spectra of Juice Samples

The commercial juices were purified by a 0.22 um filter prior to use. And then they were diluted

by 100 times with PB solution (0.2 M, pH = 7.0), without any further complex treatment. The

absorbance spectra of juice samples were recorded by an optic fiber ultraviolet-visible (UV-visible)

spectrophotometer (QEpro, Ocean Optics).
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Fig. S12 UV-visible absorbance spectra of the juice samples.
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