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1. General considerations

All reagents and solvents were obtained from commercial sources and used without
further purification. Platinum (Pt) wires were purchased from Nilaco Corporation.
Streaming potentials between the two cell chambers and the currents flowing through a
split bipolar electrode (split BPE) were measured with a Sanwa PC773 multimeter
connected to a PC Link 7 software. Flow cells were custom-made with polyether ether
ketone (PEEK). Electrolytes were pumped into the cells with a Shimadzu LC 20 AD
plunger pump and by monitoring its discharge pressure. Voltage-current curve
measurements were conducted with a two-electrode system equipped with Pt electrodes
and recorded with a Metrohm PGSTATI101 potentiostat. Electrochemiluminescence
(ECL) was detected with a photomultiplier tube (PMT, Hamamatsu R928HA) controlled
by the use of a Metrohm PGSTAT101 potentiostat, or with a Canon EOS Kiss X10 digital
camera. ECL spectra were obtained with an Ocean Insight QEPro high-performance
spectrometer via an optical fiber cable positioned in front of the transparent cell chamber.
The pH of the electrolytic solutions was measured with a Horiba LAQUA pH meter.
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2. Apparatus

A custom-made PEEK cell, composed of two chambers each one accommodating a
platinum (Pt) wire (¢ = 0.6 mm) and a PEEK microtube (outer diameter: 1/16 inch)
connecting both chambers, was used as a flow reactor to drive electrochemical reactions
by exploiting the concept of streaming potential-driven bipolar electrochemistry. The Pt
wires were inserted into the chambers by using PTFE tubes and were connected with a
multimeter (voltmeter or ammeter) (Supplementary Fig. 1). The electrolytic solution was
fed by a pump with a constant feed rate.

Reservoir

Supplementary Figure 1. (a) Photograph of the PEEK cell chambers composing the
streaming potential device. (b) Photograph of the experimental setup composed of a
plunger pump, cell units and a multimeter connected to a laptop.

S3



3. Comparison of the two phenolic resin monoliths performances

For convenience of use, two resin monoliths were employed for subsequent
experiments and investigations. The two resin monoliths were prepared following the
same reported procedure,! but they showed slightly different abilities in generating Est
values as reported in Supplementary Fig. 2. Nevertheless, they both showed the same
trend in AP and Esr generation, namely AP increased linearly with flow rate
(Supplementary Fig. 2a) and Est increased linearly with AP (Supplementary Fig. 2b), so
that both resin monoliths were judged suitable for use. In the following experiments, the
type of resin monolith, namely type no. 1 and no. 2, is reported.
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Supplementary Figure 2. Comparison of the two resin monoliths performances by
evaluating the relationship between (a) AP and flow rate and (b) Esr and AP.
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4. Cell materials for streaming potential measurement

The value of the pressure displayed by the pump reflects the discharge pressure for the
fluid. In our device, this pressure is gradually reduced across the microchannel to reach
the atmospheric pressure in the downstream chamber, implying that AP can be monitored
and tuned with the feeding pump by changing the flow rate. The two Pt wires inserted
into the chambers were connected with a voltmeter to detect the streaming potential (Estr)
generated between the chambers by a flow of the electrolyte.

To generate such a pressure drop between the upstream and downstream chambers,
cotton wool (20 mg) or phenolic resin monolith was tightly filled into the PEEK tube
(inner diameter: 1.00 mm). When the electrolytic solution of acetonitrile (MeCN)/water
(3:1 v/v) containing 0.5 mM tetrabutylammonium hexafluorophosphate (BusNPFs) and 5
mM tri-n-propylamine (TPrA) was pumped at various flow rates, Esr values were
generated and monitored with the corresponding pressure drop (AP) between the
upstream and downstream chambers (Fig. 2).

For the ECL experiments, the use of a transparent chamber is required to detect the
photons generated from the emitter during the ECL reaction at the upstream anode; hence,
the PEEK cell chamber was replaced with a transparent quartz cell chamber. The
difference in the material had almost no effect on the streaming potential behavior
(Supplementary Table 1 and Supplementary Fig. 3).

Supplementary Table 1. Dependence of cell materials on streaming potentials when the
MeCN/H20 (3:1 v/v) solution containing 0.5 mM BusNPFs and 5 mM TPrA was pumped
using the phenolic resin monolith no. 1 as the filling material.

Entry  Cell material ~ Flow rate [mL/min] AP [MPa] Estr [V]
0.05 0.5 0.94
0.10 0.9 1.98
0.15 1.4 3.14
1 PEEK
0.20 1.8 4.35
0.25 2.2 5.44
0.30 2.7 6.62
0.05 0.5 0.89
0.10 0.9 1.96
0.15 14 3.18
2 Quartz
0.20 1.8 4.31
0.25 2.2 5.37
0.30 2.7 6.55
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Supplementary Figure 3. Photograph of the streaming potential flow cell equipped with
the quartz chamber (upper), and the relationship between Esr and AP using the PEEK
chamber or the quartz chamber (lower). Conditions: TPrA (5 mM) as the coreactant in
MeCN/H20 (3:1 v/v) solution containing 0.5 mM BusNPFs as a supporting electrolyte
with the phenolic resin monolith no. 1 as the filling material.
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5. Data smoothing for ECL intensity detected by PMT

Since the data plots obtained by the PMT were too noisy, the data smoothing was
carried out with the moving average (MA) method. MA is the mean over the last i entries
of a data-set containing » entries, and is denoted as:

MAi _ Xn+Xp-1+Xp2+-+ Xn—(i+1)

l
where x1, x2, ..., xn are the data-points. In this study, the scan speed was 0.005/sec and the
smoothing process was performed using a MA (i = 20) every 0.1 sec.

After smoothing, maximum ECL intensity was determined. In addition, integrated ECL
intensity was estimated using sums of areas of rectangles to approximate the area under

a curve (Riemann sum). These data were used in the following sections.
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6. BTD-TPA coating onto the electrode

Benzothiadiazole-triphenylamine (BTD-TPA) was prepared according to the literature?
and used as ECL chromophore. A Pt wire (¢ = 0.6 mm) was coated with BTD-TPA by
dipping the metallic wire into a chloroform solution of BTD-TPA one time, and then
dried at the air. A freshly prepared BTD-TPA-modified Pt wire was used for each ECL
experiment. An Olympus OLS4100 3D laser microscope was employed for the
observation and evaluation of the BTD-TPA coating on the Pt wire.®
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7. ECL generation and detection in the streaming potential system

To drive the streaming potential ECL device, the two Pt wires inserted into the
chambers were connected with a low-resistance ammeter, whit the result that the pair of
Pt wires behaves as a split BPE. Using this configuration, the upstream electrode was dip-
coated with BTD-TPA as the ECL emitter. A MeCN/H20 (3:1 v/v) solution containing 0.5
mM BusNPFs and 5 mM TPrA was used as the electrolyte and pumped into the cell using
a plunger pump. Phenolic resin monolith no. 1 was employed as the filling material. AP,
Estr, and the measured current (i) at each flow rate are summarized in Supplementary
Table 2. Supplementary Fig. 4 shows the ECL profiles obtained under the conditions
reported in Supplementary Table 2.

Supplementary Table 2. ECL results using TPrA (5 mM) as the coreactant in a
MeCN/Hz0 (3:1 v/v) solution containing 0.5 mM BusNPFs. Every set of experiments was
repeated three times to check reproducibility.
Flow rate AP Estr i Integrated ECL
[mML/min]  [MPa] [V] [WA]  intensity [a. u.]
0.7 1.01 0.16
1 0.05 0.7 1.04 0.16 0.004
0.7 1.05 0.16
1.3 232 037
2 0.10 1.4 232 037 0.216
1.4 228 037
1.9 361 057
3 0.15 2.0 3.67 059 1.416
2.0 358 0.58
2.7 551 0.88
4 0.20 2.6 518 0.81 1.360
2.6 523 0.82
3.2 6.71 105
) 0.25 3.1 6.52 1.03 1.757
3.2 6.71 105
3.7 821 1.27
6 0.30 3.7 8.17 127 3.070
3.7 805 126

Entry
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Supplementary Figure 4. ECL intensity of the BTD-TPA film in air during the pumping
of the electrolyte for 360 s with the streaming potential device measured under the
conditions of (a) Entry 1, (b) Entry 2, (c) Entry 3, (d) Entry 4, (e) Entry 5, (f) Entry 6 of
Supplementary Table 2. The experiments were repeated three times (orange, yellow and
gray lines) for demonstrating reproducibility. PMT bias = 1000 V.
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8. Cyclic voltammetry and ECL measurements with a two-electrode system

To estimate the threshold potential difference for the ECL reaction, cyclic voltammetry
measurements with a two-electrode system were carried out (Supplementary Fig. 5). The
threshold potential difference was estimated to be 1.0 V for both cyclic voltammetry and
ECL of a BTD-TPA film in the presence of 5 mM TPrA.

Power source

PMT

(c) 10
—1 st —1 st f/
2nd 5 8/ 2nd
0.10 - 3rd © 3rd
= > —4th
£ 6l f
H 2 —5th 7
= 0.05 - 8 ek /
@ [
= o 4 /
3 )
© w
0 - 2 | /{
-0.05 L, . : . . ol . - : .
0 0.5 1 1.5 2 0 0.5 1 15 2
Voltage between two electrodes [V] Voltage between two electrodes [V]

Supplementary Figure 5. (a) Photographs and illustration of the ECL measurement
setup of a BTD-TPA film with the two-electrode system using the PMT. (b) Current-
voltage curves and (c) ECL intensity-voltage curves for a BTD-TPA film in air during
the voltage sweep for 6 cycles with the two-electrode system in a mixed solution of MeCN
and H20 (3:1 v/v) containing 0.5 mM BusNPFs and 5 mM TPrA. PMT bias = 1000 V.
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9. Optimization of the amount of BTD-TPA coating onto the anode

The streaming potential ECL device was driven by the flow of a MeCN/H20 (3:1 v/v)
solution containing 0.5 mM BusNPFs and 5 mM TPrA. To optimize the amount of BTD-
TPA coating onto the electrode, the investigation of the dip-coating films obtained from
chloroform solutions with different concentration of BTD-TPA was carried out. The ECL
results are summarized in Supplementary Table 3 and Supplementary Fig. 6. Phenolic

resin monolith no. 1 was employed as the filling material.

Supplementary Table 3. Dependence of the ECL intensity on the BTD-TPA coating
onto the electrode. Conditions: TPrA (5 mM) as the coreactant in a MeCN/H20 (3:1 v/v)
solution containing 0.5 mM BusNPFs as supporting electrolyte.

) Integrated
Concentration Amount of )
_ Flow rate AP Estr i ECL
Entry of BTD-TPA  coating _ . .
o, [mL/min]  [MPq] [V] [uA] intensity
[mg/mL]  [ug/mm’]
[a. u.]
0.05 0.6 0.96 0.15 0
0.10 1.2 2.09 0.36 0
0.15 1.8 3.32 0.57 0.070
1 10 0.26
0.20 2.5 4.60 0.79 0.103
0.25 3.0 5.93 1.01 0.090
0.30 3.6 6.836 1.14 0.220
0.05 0.7 1.03 0.16 0.003
0.10 1.4 2.30 0.37 0.211
0.15 2.0 3.59 0.58 1.400
2 20 0.71
0.20 2.6 5.20 0.82 1.522
0.25 3.2 6.71 1.05 1.909
0.30 3.7 8.19 1.27 2.892
0.05 0.8 0.90 0.16 0
0.10 1.6 2.08 0.37 0
0.15 2.3 3.41 0.60 0.354
3 30 0.90
0.20 3.0 4.83 0.83 0.662
0.25 3.6 6.23 1.05 1.252
0.30 4.2 7.72 1.29 3.183
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Supplementary Figure 6. ECL intensity of the different BTD-TPA films in air during
the pumping of the electrolyte for 360 s with the streaming potential device measured at
the different flow rates of (a) 0.05 mL/min, (b) 0.10 mL/min, (c) 0.15 mL/min, (d) 0.20
mL/min, (e) 0.25 mL/min, (f) 0.30 mL/min as reported in Supplementary Table 3. (g)
Integrated ECL intensity for each concentration of BTD-TPA coating solution. PMT bias
=1000 V.
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10. Optimization of solvent composition

To optimize the solvent composition of the streaming potential ECL device, different
solvent ratios of MeCN and H20 were investigated using the optimized amount of BTD-

TPA coating onto the electrode (0.71 pg/mm?) and keeping the concentrations of

supporting electrolyte and coreactant constant (0.5 mM BusNPFs and 5 mM TPrA,
respectively). Phenolic resin monolith no. 1 was employed as the filling material. The

results are summarized in Supplementary Table 4 and Supplementary Fig. 7.

Supplementary Table 4. Dependence of the ECL intensity on the solvent composition.
Conditions: 5 mM TPrA as the coreactant in mixed MeCN/H20 solutions containing 0.5
mM BusNPFs as supporting electrolyte.

i Integrated
Solvent ) Maximum
Flow rate AP Estr i ) ) ECL
Entry MeCN/H20 ) ECL intensity . i
[mML/min] [MPa] [V] [uA] intensity
(V/v) [a. u.]

[a. u.]

0.05 0.8 1.07 0.17 0.0022 0
0.10 1.5 242 0.39 0.0016 0.021
1 51 0.15 2.2 3.64 059 0.0025 0.070
0.20 3.0 525 0.84 0.0068 0.270
0.25 3.8 6.98 1.08 0.0038 0.281
0.30 4.5 755 1.26 0.0041 0.337
0.05 0.7 1.03 0.16 0.0017 0.003
0.10 1.4 230 0.37 0.0031 0.211
5 3:1 0.15 2.0 359 058 0.0099 1.400
0.20 2.6 520 0.82 0.0109 1.522
0.25 3.2 6.71  1.05 0.0130 1.909
0.30 3.7 8.19 1.27 0.0201 2.892

0.05 0.6 0.76  0.13 0.0016 0
0.10 1.2 1.80 0.32 0.0027 0.136
3 41 0.15 1.8 298 0.52 0.0049 0.413
0.20 2.4 430 0.73 0.0080 0.852
0.25 2.9 528 0.92 0.0093 1.273
0.30 3.5 6.70 1.13 0.0196 2.818
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Supplementary Figure 7. ECL intensity of the BTD-TPA film in air during the pumping
of the different solvent compositions for 360 s with the streaming potential device
measured at the different flow rates of (a) 0.05 mL/min, (b) 0.10 mL/min, (c) 0.15 mL/min,
(d) 0.20 mL/min, (e) 0.25 mL/min, (f) 0.30 mL/min as reported in Supplementary Table
4. MeCN/H20 = 2:1 (deep blue), 3:1 (blue), 4:1 (sky blue). PMT bias = 1000 V.
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11. Electrolyte-free condition

To investigate the effect of the supporting electrolyte, the streaming potential ECL

device was driven by flowing a MeCN/H20 (3:1 v/v) solution containing only 5 mM of
TPrA. Phenolic resin monolith no. 1 was employed as the filling material. The results are
summarized in Supplementary Table 5 and Supplementary Fig. 8.

Supplementary Table 5. Effect of the electrolyte-free vs. dilute solution on the ECL
measurement intensity. Conditions: TPrA (5 mM) as the coreactant in a MeCN/H20 (3:1

v/v) solution.

) Integrated
) Maximum

Flow rate AP Estr [ ECL

Entry  Electrolyte ) ECL ) i
[mML/min] [MPa] [V] [uA] . ) intensity

intensity [a. u.]

[a. u.]

0.05 0.8 133 0.18 0.0019 0.046

0.10 15 251 0.38 0.0053 0.581

1 - 0.15 2.2 333 055 0.0180 2.357

0.20 3.0 570 0.80 0.0313 4.369

0.25 3.7 740  1.03 0.0373 5.362

0.30 4.4 915 1.23 0.0428 6.269

0.05 0.7 1.03 0.16 0.0017 0.003

0.10 1.4 230 0.37 0.0031 0.211

BusNPFs 0.15 2.0 359 0.58 0.0099 1.400

0.5 mM 0.20 2.6 520 0.82 0.0109 1.522

0.25 3.2 6.71  1.05 0.0130 1.909

0.30 3.7 8.19 1.27 0.0201 2.892
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Supplementary Figure 8. ECL intensity of the BTD-TPA film in air during the pumping
of the solution for 360 s with the streaming potential device measured at the different
flow rate of (a) 0.05 mL/min, (b) 0.10 mL/min, (c) 0.15 mL/min, (d) 0.20 mL/min, (e)
0.25 mL/min, (f) 0.30 mL/min as reported in Supplementary Table 5. Electrolyte-free
solution (orange line) and 0.5 mM BuaNPFs solution (gray line). PMT bias = 1000 V.
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12. Optimization of TPrA concentration

To investigate the effect of TPrA concentration on the ECL emission, the streaming
potential ECL device was driven by flowing an electrolyte-free MeCN/H20 solution (3:1
vlv) with different concentrations of TPrA (10, 5.0, 1.0, 0.0 mM). The results are
summarized in Supplementary Table 6 and Supplementary Fig. 9.

Supplementary Table 6. Dependence of the ECL intensity on the TPrA concentration in
an electrolyte-free MeCN/H20 (3:1 v/v) solution.

) Integrated
TPrA . Maximum .
i Flowrate AP Estr i ) ) ECL Conductivity
Entry  concentration . ECL intensity . ) pHT
[mML/min] [MPa] [V] [uA] intensity [MmS/m]
[mM] [a. u.]
[a. u.]
0.05 0.7 146 0.18 0.0010 0
0.10 14 276 0.38 0.0013 0
0.15 21 359 057 0.0018 0.049
1 10 11.30 1.19
0.20 28 542 0.77 0.0045 0.198
0.25 34 706 097 0.0050 0.407
0.30 42 879 121 0.0149 1.469
0.05 08 133 0.18 0.0020 0.046
0.10 15 251 0.38 0.0053 0.581
0.15 22 333 055 0.0180 2.357
2 5.0 11.13 1.11
0.20 30 570 0.80 0.0313 4.369
0.25 3.7 740 103 0.0373 5.362
0.30 44 915 1.23 0.0428 6.269
0.05 03 09 011 0.0016 0.026
0.10 0.7 189 024 0.0106 1.529
0.15 1.0 3.00 0.39 0.0279 4.820
3 1.0 10.47 0.90
0.20 14 421 055 0.0757 14.660
0.25 18 560 0.74 0.1983 36.292
0.30 22 6.82 090 0.2670 47.884
0.05 09 102 011 0.0010 0
0.10 1.7 207 024 0.0009 0
0.15 25 327 0.38 0.0010 0
4 0.0 N/A 0.11
0.20 34 477 055 0.0013 0
0.25 41 581 0.67 0.0013 0
0.30 47 694 0.86 0.0009 0
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TMeasured pH with a conductivity value less than 10 mS/m is to be considered as a reference value.
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Supplementary Figure 9. ECL intensity of the BTD-TPA film in air during the pumping
of the solution for 360 s with the streaming potential device measured at the different
flow rate of (a) 0.05 mL/min, (b) 0.10 mL/min, (c) 0.15 mL/min, (d) 0.20 mL/min, (e)
0.25 mL/min, (f) 0.30 mL/min (Supplementary Table 6). The dependence of the ECL
emission on TPrA concentration is shown in each curve (green line: 1.0 mM, sky blue
line: 5.0 mM, blue line: 10 mM, gray line: 0.0 mM). Phenolic resin monolith no. 1 was
employed as the filling material. PMT bias = 1000 V.
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13. Impact of the electrode material on the ECL performances of the device

In order to fully evaluate the ECL performances of the device, we also investigated the
effect of the electrode (anode) material of the split BPE system. To this purpose, we have
replaced the Pt wire acting as the anode with different metals, such as gold (Au), silver
(Ag) and copper (Cu), and by dipping each wire in a 20 mg/mL of BTD-TPA solution
and then drying them at the air. All wires used had a constant diameter of 0.6 mm.
Phenolic resin monolith no. 2 was employed as the filling material. An electrolyte-free
solution composed of MeCN/H20 (3:1 v/v) containing 1 mM TPrA was flown at 0.3
mL/min. The results are summarized in Supplementary Table 7 and Supplementary Fig.
10.

Supplementary Table 7. Effect of the electrode material on the ECL generation when
flowing an electrolyte-free solution composed of MeCN/H20 (3:1 v/v) containing 1 mM
TPrA at the flow rate of 0.3 mL/min. All wires had a constant diameter. Cathode material
was Pt (¢ = 0.6 mm) in all cases.

B = ) Maximum Integrated
[
Entry  Material " ECL intensity ECL intensity
[MPa]  [V] [nA]
[a. u.] [a.u.]
il Pt 2.1 5.68 0.69 0.30 58.8
2 Au 2.1 5.78 0.69 0.11 25.9
3 Ag 2.1 5.83 0.69 0.00 0.00
4 Cu 2.1 5.88 0.71 0.00 0.00
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Supplementary Figure 10. ECL intensity of the BTD-TPA film in air during the
pumping of the solution for 360 s with the streaming potential device using different
electrode materials as the anode constituting the split BPE system: Pt (light blue line), Au
(orange line), Ag (dark blue line) and Cu (green line). Conditions: 1 mM TPrA in an
electrolyte-free MeCN/H20 (3:1 v/v) solution flown at the flow rate of 0.3 mL/min.
Phenolic resin monolith no. 2 was employed as the filling material. PMT bias = 1000 V.
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14. ECL imaging with a digital camera

Using the optimal conditions of Supplementary Table 6 (1 mM TPrA, electrolyte-free
MeCN/H20 (3:1 v/v), 0.30 mL/min of flow rate, phenolic resin monolith no. 1 as the
filling material), the strong ECL intensity could be recorded by using a PMT. We next
explored the possibility to detect the ECL emission by using a simple digital camera as
shown in Supplementary Fig. 11a. The camera parameters for still imaging were 1SO
25600, /2.8, exposure time 30 sec; for movie: 1SO 12800, 30 fps. The results are
summarized in Supplementary Table 8, Supplementary Fig. 11 and Supplementary Movie
1.

Supplementary Table 8. Camera parameters for ECL imaging. Solution conditions:
TPrA 1 mM in an electrolyte-free MeCN/H20 (3:1 v/v) solution.

. Maximum Integrated
Ent Imagin Flow rate AP st I ECL intensity ECL intensit
ntr
yOImAMI rUmin] (MPal VI [wA] Y Y
[a. u.] [a. u.]
1 Still 0.30 2.2 6.68 0.90 0.2345 42.835
2 Movie 0.50 3.7 11.50 1.54 0.7853 115.793
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Supplementary Figure 11. (a) Setup for the simultaneous ECL imaging acquisition
using a digital camera (located on the left side of the quartz cell) and recording of the
ECL intensity profile using a PMT (located on the right). (b) Photograph of the quartz
cell under natural light showing the BTD-TPA coated electrode. (c—h) Collected ECL
images (exposure time 30 sec each) during the flow of the solution using the conditions
of entry 1 in Supplementary Table 8 at (c) 0 sec, (d) 100 sec, (e) 150 sec, (f) 200 sec, (g)
250 sec, and (h) 300 sec of device operation. (i, j) ECL intensity of the BTD-TPA film in
air during the pumping of the solution for 360 s with the streaming potential device
measured using the conditions of Supplementary Table 8, for (i) entry 1 and (j) entry 2.
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PMT bias = 1000 V. Camera parameters for still imaging: 1SO 25600, f/2.8, exposure
time 30 sec. Camera parameters for movie: 1ISO 12800, 30 fps. The (c) to (h) letters
indicated in graph (i) correspond to the location and duration of the camera acquisition
applied to record the still images reported in panels (c) to (h).
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15. ECL spectra measurement

Using the optimized conditions of Supplementary Table 6 (1 mM TPrA in an
electrolyte-free MeCN/H20 (3:1 v/v), 0.50 mL/min of flow rate, phenolic resin monolith
no. 1 as the filling material), the ECL spectra were collected with a spectrometer by
placing the optical fiber cable close to the quartz cell chamber (as shown in
Supplementary Fig. 12a). The obtained ECL spectrum of BTD-TPA (Supplementary Fig.
12b) corresponded to that reported in literature by using a three-electrode system.?*

Amax = 623 nm

Intensity [a. u.]
-

(] N

o o

by
(=]

o

-40 T T T T {
400 500 600 700 800 900

Wavelength [nm]
Supplementary Figure 12. (a) Photograph of the apparatus for recording the ECL
spectrum of the BTD-TPA film using a spectrometer with an optical fiber cable set close
to the quartz cell chamber. (b) ECL spectrum of a BTD-TPA film obtained using the
streaming potential device to drive the ECL reaction. Conditions: 1 mM TPrA in an
electrolyte-free MeCN/H20 (3:1 v/v) solution at the flow rate of 0.50 mL/min.
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16. Pulsed flow for the ECL system

To investigate the ECL response respect to the on/off pumping of the solution, the
streaming potential ECL device was driven by interval flow of an electrolyte-free
MeCN/H20 (3:1 v/Vv) solution containing 1 mM TPrA. An on/off pumping scheme of 10
sec flow and 10 sec pause was repeated 15 times. Phenolic resin monolith no. 1 was
employed as the filling material. The results are summarized in Supplementary Table 9
and Supplementary Figs. 13 and 14.

Supplementary Table 9. Solution conditions for the on/off pumping scheme: 1 mM
TPrA in an electrolyte-free MeCN/H20 (3:1 v/v) solution.

Entry Flow rate AP Max Estr Max I Max
[mL/min] [MPa] [V] [LA]

1 0.10 0.8 241 0.29

2 0.20 1.7 5.10 0.60
3 0.30 2.5 8.01 0.90
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Supplementary Figure 13. ECL intensity (orange line graphs) and current profiles (gray
line graphs) recorded at the flow rate of (a, d) 0.10 mL/min, (b, ) 0.20 mL/min, (c, f)
0.30 mL/min as reported in Supplementary Table 8. Conditions: 1 mM TPrA in an
electrolyte-free MeCN/H20 (3:1 v/v) solution. PMT bias = 1000 V.
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Supplementary Figure 14. 3D laser microscope images of the Pt electrode covered with
BTD-TPA film. (a) Pristine BTD-TPA film; BTD-TPA coating after the ECL experiment
following the on/off pumping scheme — 10 sec pumping of the solution using the
conditions of entry 3 in Supplementary Table 8 and 10 sec stasis of the device — repeated
for (b) 5 times and (c) 15 times.
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17. Limit of detection (LOD) for TPrA in the device

To evaluate the limit of detection (LOD) for TPrA of the streaming potential ECL
device, different electrolyte-free MeCN/H20 (3:1 v/v) solutions containing 1.0 mM, 0.50
mM, 0.25 mM, 0.10 mM, 0.050 mM, 0.025 mM, 0.010 mM TPrA were flown into the
device. Phenolic resin monolith no. 1 was employed as the filling material. The results
are summarized in Supplementary Table 10 and Supplementary Fig. 15.

Supplementary Table 10. Dependence of ECL intensity on TPrA concentration (1.0—
0.010 mM) in an electrolyte-free MeCN/H20 (3:1 v/v) solution. Flow rate was 0.30
mL/min in all cases.

TPrA AP Eor : Maximum Integrated
Entry concentration ECL intensity ECL intensity
mvy  MPal VD [eA] [a u] [a u]
1 1.0 2.2 6.82 0.90 0.2670 47.884
2 0.50 2.6 7.92 0.89 0.3176 68.270
3 0.25 2.7 8.35 0.93 0.2412 59.186
4 0.10 2.8 8.25 0.88 0.0103 1.304
5 0.050 2.8 8.19 0.86 0.0037 0.295
6 0.025 2.7 7.75 0.80 0.0034 0.090
7 0.010 2.8 7.47 0.76 0.0013 0
8 0.0 4.7 6.94 0.86 0.0009 0

S29



(a) (b)
- 0.30 - 0.30
3 2
K S,
z z
a 0.20 £ 0.20 A
g £
3 -
o
£ 010 w g10 -
0.00 T T T 0.00 v - -
0 100 200 300 0 100 200 300
Time [sec] Time [sec]
(c) (d) o003
—_ 0.30 - —_
= s
= 5
> > 002
2 020 A g
£ g
= |
< o 0.01
w010 w “. I I |
0 . . . 0 T T T
0 100 200 300 0 100 200 300
Time [sec] Time [sec]
() o003 (f) oo0s
e ]
= &
z 0.02 z 0.02 A
g 2
£ £
.| -
B 0.01 | 3 0.01
[y~ E——— ' :
0 o Lo Tttt oot el
0 100 200 300 0 100 200 300
Time [sec] Time [sec]
(9) oos (P) 003
El F
=, KA
2 0.02 z 0.02 4
g 2
£ £
- | |
2 0.01 Q 0.01 4
0 cndupiinttion et s ool 0.00 -imass i cindesbiaiia pbdonle st
] 100 200 300 0 100 200 300
Time [sec] Time [sec]

Supplementary Figure 15. ECL intensity of the BTD-TPA film in air during the
pumping of the electrolyte for 360 s with the streaming potential device using an
electrolyte-free MeCN/H20 (3:1 v/v) solution with (a) 1.0 mM, (b) 0.50 mM, (c) 0.25
mM, (d) 0.10 mM, (e) 0.05 mM, () 0.025 mM, (g) 0.010 mM, (h) 0.0 mM TPrA. PMT
bias = 1000 V. Other parameters are summarized in Supplementary Table 10.
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18. Detection of other amines

In addition to TPrA as coreactant, other amines such as 2-(dibutylamino)ethanol

(DBAE) and triethanolamine (TEOA) were investigated as coreactants for the streaming
potential ECL device. The results are summarized in Supplementary Table 11 and
Supplementary Fig. 16.

Supplementary Table 11. ECL intensity using different coreactant (1 mM each) in an
electrolyte-free MeCN/H20 (3:1 v/v) solution. Phenolic resin monolith no. 1 was
employed as the filling material.

. Integrated
. Maximum .
Coreactant Flowrate AP Estr i ECL . Conductivity
MY MM [mUmin] [MPa] [V]  [uA] =CL intensit M s/
H intensity [a. u.] y
[a. u.]
0.05 03 09 011 0.0016 0.026
0.10 07 189 024 0.0106 1.529
0.15 1.0 300 0.39 0.0279 4.820
1 TPrA 10.47 0.90
0.20 1.4 421 055 0.0757 14.660
0.25 1.8 560 0.74 0.1983 36.292
0.30 22 682 090 0.2670 47.884
0.05 05 110 0.13 0.0052 0.510
0.10 09 244 029 0.0208 3.254
0.15 1.3 381 045 0.0511 8.882
2 DBAE 9.21 1.05
0.20 1.7 509 0.60 0.0889 16.229
0.25 21 649 0.77 0.0984 17.998
0.30 25 777 091 0.1543 25.824
0.05 04 129 0.13 0.0009 0
0.10 09 264 0.29 0.0009 0
0.15 1.3 395 043 0.0011 0
3 TEOA 8.58 0.41
0.20 1.7 525 057 0.0016 0.029
0.25 22 6.67 072 0.0031 0.061
0.30 26 824 092 0.0025 0.122

fMeasured pH with a conductivity value less than 10 mS/m is to be considered as a reference value.
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Supplementary Figure 16. ECL intensity of the BTD-TPA film in air during the
pumping of the electrolyte for 360 s with the streaming potential device using an
electrolyte-free MeCN/H20 (3:1 v/v) solution at the flow rate of (a) 0.05 mL/min, (b)
0.10 mL/min, (c) 0.15 mL/min, (d) 0.20 mL/min, (e) 0.25 mL/min, (f) 0.30 mL/min, in
presence of TPrA (light green line), DBAE (blue line) and TEOA (green line). PMT bias
= 1000 V. Other parameters are summarized in Supplementary Table 11.
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19. Detection of aromatic amines

Considering the environmental relevance and human hazard of aromatic amines, the
device was also tested for the ECL detection of this class of amines, including aniline, N-
methylaniline and N,N-dimethylaniline. The results are summarized in Supplementary
Table 12.

Supplementary Table 12. ECL intensity using different aromatic amines as coreactants
(1 mM each) solubilized in an electrolyte-free MeCN/H20 (3:1 v/v) solution at the flow
rate of 0.30 mL/min. Phenolic resin monolith no. 2 was employed as the filling material.
PMT bias = 1000 V.

) Integrated
. Maximum —
Coreactant AP Estr I . . ECL Conductivity
Entry ECL intensity _ pHT
1mM [MPa] [V] [pA] X intensity [MmS/m]
o [a. u.]
1 Aniline 2.8 490 049 0 0 8.83 0.10
2 N-methylaniline 2.8 474 047 0 0 9.21 0.13
3 N,N-dimethylaniline 2.9 489 049 0 0 8.93 0.16

fMeasured pH with a conductivity value less than 10 mS/m is to be considered as a reference value.
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20. Aqueous systems (distilled water)

For a more challenging investigation, a fully aqueous system was used as the solvent
for the streaming potential ECL device. 1 mM TPrA, DBAE and TEOA were solubilized
in distilled water. The results are summarized in Supplementary Table 13 and

Supplementary Fig. 17.

Supplementary Table 13. ECL intensity using different coreactant (1 mM each)
solubilized in distilled water and without supporting electrolyte at the flow rate of 0.30

mL/min. Phenolic resin monolith no. 1 was employed as the filling material.

) Integrated
. Maximum L
Coreactant AP Estr I ) . ECL Conductivity
Entry ECL intensity . _ HT pKa

1mM [MPa] [V] [uA] o u] intensity [MS/m]

o [a. u.]
TPrA 38 1196 1.38 0.0058 0.274 1059  10.4° 8.49
DBAE 4.2 971 132 0.0041 0.439 10.27 9.98 4.40
TEOA 3.7 1239 140 0.0040 0.010 8.85 7.87 0.57

fMeasured pH with a conductivity value less than 10 mS/m is to be considered as a reference value

(nevertheless, reflecting the trend of reported pK, values).
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Supplementary Figure 17. ECL intensity for the BTD-TPA film in air during the
pumping of the solution for 360 s with the streaming potential device using distilled water
without electrolyte as the solvent at the flow rate of 0.30 mL/min, in presence of (a) 1
mM TPrA, (b) 1 mM DBAE, and (c) 1 mM TEOA. PMT bias = 1000 V.
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21. Aqueous systems (tap water)

Tap water® was also tested as solvent for the streaming potential ECL device. The
results are summarized in Supplementary Table 14 and Supplementary Fig. 18.

Supplementary Table 14. ECL intensity using tap water as the solvent with and without
TPrA (1 mM) at the flow rate of 0.30 mL/min. Phenolic resin monolith no. 1 was

employed as the filling material.

) Integrated
. Maximum .
Coreactant AP Estr I . ) ECL Conductivity
Entry ECL intensity . ) pH
1mM [MPa] [V] [uA] 2 u] intensity [MmS/m]
o [a. u.]
1 TPrA 3.9 2.14 0.57 0.0136 0.274 9.57 31.7
2 - 4.1 1.65 0.44 0 0 7.35 30.7
(a) o.03 (b) 0.03
i 0.02 - '; 0.02 -
g 0.01 A g 0.01 1
w w
0 4 P 0 - . 3 .
0 100 200 300 0 100 200 300
Time [sec] Time [sec]

Supplementary Figure 18. ECL intensity for the BTD-TPA film in air during the
pumping of the solution for 360 s with the streaming potential device using tap water
without electrolyte at the flow rate of 0.30 mL/min (a) with and (b) without TPrA (1 mM).

PMT bias = 1000 V.
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22. Evaluation of the anti-interference capabilities of the device

The anti-interference performances of the streaming potential device were additionally
investigated in both the standard electrolyte, composed of MeCN/H20 (3:1 v/v) without
supporting electrolyte, and tap water. To this purpose, the ECL detection of multiple
amines solubilized in the same solution sample, or with the addition of other analytes, e.g.
salt, was carried out using the device. The results are summarized in Supplementary

Tables 15 and 16 and Supplementary Figs. 19 and 20.

Supplementary Table 15. Anti-interference performances study based on the ECL
detection of multiple amines (coreactants) solubilized in the same solution sample
composed of an electrolyte-free MeCN/H20 (3:1 v/v) solution at the flow rate of 0.30

mL/min. Phenolic resin monolith no. 2 was employed as the filling material.

. Integrated
. . . Maximum .
Multiple amines system AP Estr i ) ) ECL Conductivity
Entry ECL intensity i pH?
(coreactants) [MPa] [V] [pA] X intensity [MmS/m]
o [a. u.]
il 1 mM TPrA 2.5 6.41 0.73 0.093 16.24 9.62 3.96
2 1 mM TPrA + 1 mM DBAE 2.5 6.29 0.73 0.030 4.28 9.87 3.62
3 1 mM TPrA + 1 mM TEOA 2.7 6.36 0.72 0.005 0.59 9.77 3.17
4 1 mM TPrA + 1 mM Aniline 2.7 6.17 0.73 0 0 9.59 3.06
5 0.5 mM TPrA + 0.5 mM DBAE 2.8 6.13 0.72 0.068 12.19 9.44 2.95
6 025mM TPrA+025mMDBAE 3.1 6.48 0.72 0.290 48.46 9.34 1.92
7 2mM TPrA 3.2 6.24 0.72 0.028 3.73 10.58 191

fMeasured pH with a conductivity value less than 10 mS/m is to be considered as a reference value.
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Supplementary Figure 19. ECL intensity of the BTD-TPA film in air during the
pumping of the solution for 360 s with the streaming potential device using an electrolyte-
free MeCN/H20 (3:1 v/v) solution at the flow rate of 0.30 mL/min having a coreactant
system composed of (a) the coexistence of TPrA with other aliphatic or aromatic amines
and (b) TPrA and DBAE in different concentration ratios. Phenolic resin monolith no. 2
was employed as the filling material. PMT bias = 1000 V.
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Supplementary Table 16. Anti-interference performances study based on the ECL
detection of 1 mM TPrA solubilized in only tap water and in tap water containing 3%
NaCl (0.5 M) at the flow rate of 1.0 mL/min. The addition of salt in tap water simulates
water with high salinity similar to that of sea water. Phenolic resin monolith no. 2 was
employed as the filling material.

) Integrated
) . Maximum —
Solution system AP Estr i ) ) ECL Conductivity
Entry ECL intensity ) ) pH
(tap water) [MPa] [V] [pA] X intensity [MmS/m]

o [a. u.]

1 1 mM TPrA 4.3 154 054 0.020 2.57 8.6 33

2  1mMTPrA+3%NaCl (05M) 4.6 0 0 0 0 8.9 45 x 103

0.05

== 1 mM TPrA in tap water
1 mM TPrA + 0.5 M NaCl in tap water
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Supplementary Figure 20. ECL intensity of the BTD-TPA film in air during the
pumping of the solution for 360 s with the streaming potential device using tap water as
the solvent containing only 1 mM TPrA (dark blue line) and 1 mM TPrA with the addition
of 0.5 M NacCl (light orange line) to simulate water with high salinity. Flow rate was 1.0
mL/min. Phenolic resin monolith no. 2 was employed as the filling material. PMT bias =
1000 V.
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