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3.1.3 EIS analysis
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Fig. S1 Nyquist plots of various electrode materials in 5 mmol-L* [Fe(CN)g]*7* solution with
0.1 mol-L™* KCI before (A) and after incubation (B). The geometric area of the electrode : 0.07

cm?.



3.1.4 Estimation of effective specific surface area

The chronocoulometry (CC) is used to investigate the charge (Q) - time (t) curves of
PEDOT-PPy /GCE before and after incubation under different polymerization potential ranges,
and the effective specific surface area (A) and electron transfer rate constant (ks) of the electrode
are calculated. The experiment is carried out in 0.1 mol L* KCI containing 1.0 mmol L
Ks[Fe(CN)g], with a potential range of 0.2~0.6 V.
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Fig. S2 Chronocoulometry of 1.0 mmol L K3[Fe(CN)s] solution containing 0.10 mol L
KCI determined by PEDOT-PPy/GCE determined on PEDOT-PPy/GCE prepared in the different
potential range before and after incubation(left) and The linear relationship between the
corresponding charge (Q) and the square root of the scan time (right), A, B: 0~0.8V; C, D: 0~1.0V;
E,F:0~15V;G,H:0~17V; 1, J:0~1.9V

3.1.5 Estimation of standard electron-transfer rate constant
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Fig. S3 Chronocoulometry of 10umol/L rutin(the first column from the left )and 10umol L
luteolin solution ( the third column from the left) determined on PEDOT-PPY/GCE prepared in the
different potential range before(black line) and after incubation(red line). The linear relationship
graph between the corresponding charge (Q) and the square root of the scan time ( t¥2) for rutin
( the second column from the left ) and luteolin ( the fourth column from left) , A-D: 0~0.8V; E-H:
0~1.0V; I-L: 0~1.5V; M-P: 0~ 1.7V; Q-T: 0~1.9V

3.3 Quantitative analysis of rutin and luteolin on oPEDOT-0PPy/GCE

The pH effect on the DPV peak current of rutin and luteolin at
OPEDOT-0PPyY/GCE was investigated in acetic acid buffer solution (ABS) with the
pH ranging from 2.4 to 5.2. As shown in the Fig. 1, the current response increased
with the variation in pH from 2.4 to 4.2, reached a maximum at pH 4.2, and then
declined gradually. Therefore, pH 4.2 was selected as the optimum value for rutin and

luteolin detection in this study.
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Fig. S4 Effect of pH value on the DPV peak currents of 15.0 umol-L* rutin (black line ) and
luteolin (red line) at oPEDOT-0PPy/GCE, respectively
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Fig. S5 Calibration curves of the concentration of rutin (A) and luteolin (B) vs. DPV peak current

on oPEDOT-0PPy/GCE.

Table S1 Comparison of different modified electrodes for detection of rutin and luteolin by DPV

methods.

Modified electrode Detection range Detection limit Ref.
/umol-L* /nmol-L?

SMWCNT-PEDOT-IL 1~14 0.77 1
Electrode

Rutin

"N GoDs/PEDOTIGCE 0.05 ~10 11 2

MIP/G-MWCNTs/GCE 0.01-1.0 5.0 3



OPEDOT-0PPY/GCE 0.0005 ~ 2.5 0.35 This
and 4 ~ 20 work
MoO3-PEDOT/CD-MOF/ 0.0004 ~ 1.8 0.1 4
GCE
PEDOT/EDTA-Ni/GCE 0.001 ~10 0.3 5
Luteolin \1o0,-PPy  NWS/MWCNTs 0.0001 ~ 10.0 0.03 6
IGCE
OoPEDOT-0PPYy/GCE 0.0001~0.1and 1 0.06 This
~20 work

The interference of metal ions during the determination of rutin and luteolin was

investigated. Some possible substances are selected to estimate their effects on the

DPV current response. 100-fold concentration of K*, Zn?*, Na*, AI**, Cu?*, Ba®** were

added to luteolin (15 umol-L1), respectively. As shown in the Fig. S4, these additives

did not interfere with the detection of rutin and luteolin since the peak current change

was less than 5%. This showed that oPEDOT-0PPy/GCE has good anti-interference

ability.
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Fig. S6 Column charts of the DPV peak current of 15.0 pmol-L? rutin (A) and 15.0 pmol-L?

luteolin (B) in 0.1 pmol-L-* ABS solution (pH 4.2) containing 1.5 mmol-L* metal ions



3.5.1 XPS analysis

Table S2 Binding energy and contents of each component in the O1s spectrum of oPEDOT-0PPy
film incubated for different times

time/min -50,/-SO -C=0/-0-C=0 -C-O-C- -COOH
BE/eV % BE/eV % BE/eV % BE/eV %
0 530.6 1.5 531.7 24.3 532.9 73.5 535.7 0.7
10 530.6 22.4 531.4 29.5 532.5 39.4 535.5 8.7
20 530.7 22.8 531.5 30.1 532.7 40.7 535.4 6.5
30 530.7 23.9 531.4 29.5 532.7 39.8 535.5 6.7

Table S3 Binding energy and contents of each component in the N1s spectrum of oPEDOT-0PPy
film incubated for different times

] . -C-N=/-C=N- -NH- -C-N*- -C=N*-
time/min
BE/eV % BE/eV % BE/eV % BE/eV %
0 398.3 442 400.1 88.5 401.5 35 402.5 35
10 398.2 21.6 399.8 74.6 401.1 1.5 402.2 2.2
20 398.3 23.4 399.9 73.0 401.2 2.9 402.6 0.7
30 398.3 24.4 399.9 74.1 402.5 1.5

Table S4 Binding energy and contents of each component in the S2p spectrum of o0PEDOT-0PPy
film incubated for different times

time/min S2p3/2 S2pl/2 S* -S02/-SO
BE/eV % BE/eV % BE/eV % BE/eV %
0 163.8 44.4 1649 284 166.1 58 168.4/169.6 21.3
10 163.8 39.1 1649 211 1665 51 168.1/169.2  34.8
20 163.9 50.0 165.2 135 1665 55 168.2/169.5 31.0
30 163.8 44.1 1651 238 1663 35 168.1/169.2  28.6

3.5.2 Raman and FT-IR spectroscopy analysis
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Fig. S7 Raman spectrum (A and B) and FTIR Spectrum (C and D) analysis of single films
before (black line) and after(red line) incubation . A and C: OPPy; B and D: OPEDOT films. (The
excitation laser of Raman spectrum is 514nm)

Fig. S7-A showed the Raman spectra before (a) and after (b) incubation OPPy incubation.
The absorption peak at 1594 cm® corresponded to the skeleton stretching vibration peak of the
pyrrole ring -C=C- bond. This broad peak can be fitted into two Lorentzian peaks [7]. One was at
1570 cm® and the other was at 1608 (1611) cm™ as shown in the Fig. S3-A , which was assigned
to the benzene-type (reduced) and quinone type (oxidized) pyrrole ring, respectively [8]. The peak
area ratios of benzene-type and quinone-type ( lis70/l1603 and l1s70/l1611) before and after incubation
were 1.08 and 5.25, respectively, indicating that the peak area of benzene-type pyrrole structure in
OPPy increased obviously after incubation, resulting in enhanced conjugation [9]. Absorption
peaks at 1049, 987 and 923/933cm corresponded to -C-H- in-plane, pyrrole ring deformation
vibration caused by polaron, and -C-H- out-of-plane deformation vibration caused by bipolaron
[8], respectively. The peak strength ratios before and after incubation( less/les7 and lgzs/les7) were
calculated to 1.2 and 2.25, respectively, which increased by nearly two times. That is, after
incubation, more N* existed in the form of bipolarons, and more -C=N- bonds were formed.

Fig. S7-B showed the Raman spectra of OPEDOT before (c) and after (d) incubation. The
main characteristic peaks of OPEDOT films were assigned as follows: 1438/1431 cm™ (C,=Cg
symmetric stretching vibration), 1512 /1561 cm}(C,=Cg antisymmetric stretching vibration), and
1368cm! (Cp-Cgstretching vibration), 1260cm*(intra-ring stretching vibration of C,-C,), and 990
cm(C-C anti-symmetric stretching vibration)[9-10]. It was observed that the symmetrical
stretching peak of C,=Cg shifted from 1438 to 1431cm after incubation, and the half-peak width
was narrowed indicating that the conjugated structure of thiophene ring changed from benzene



type to quinone type [10], which was conducive to the transfer of m electrons on polymerization
chains [11].

Fig. S7-C showed the FT-IR spectra of OPPy before (a) and after incubation (b). Absorption
peaks appeared at 1736, 1600, 1146, 1087 cm, corresponding to -C=0, -C=C-, -C-C-, -O-H/
-C-O stretching vibration [12-14], respectively. The -C=0 absorption peak indicated that
overoxidation occurs in pyrrole before and after incubation. The peak of -C=N- structure appeared
at 1633 cm® after incubation, which may be due to the dissociation of H atom on -NH-in pyrrole
ring under alkaline incubation conditions, resulting in the formation of -C=N- bonds [14].

Fig. S7-D showed the FT-IR spectra of OPEDOT before (c) and after (d) incubation. The
absorption peaks were assigned as follow: 846/941 cm? (-C-S- stretching vibration),
1066/1146/1203 cm?* (-C-O-C- stretching vibration), 1092/1122 cm? (-SO,/-SO stretching
vibration) , 1350 cm (-C-C- stretching vibration), respectively [15-16]. The peaks at 1431,1469
and 1600 cm* corresponded to -C,=Cg- of benzene-type structure in thiophene ring[17], while the
peaks at 1515, 1633 cm™ corresponded to C,=Cp of quinone-type structure in thiophene
ring[18-19]. After incubation, the peak intensity (1) at 1633 and 1515 cm™ increased significantly
compared with that at 1600 cm™. By calculating the absorption peak intensity ratio of -C=C- bond
from benzene-type and quinone-type structure, the value of lisoo/ l1s3z and liage/ l1s15 were 1.20
and 0.60 before incubation, which were 0.72 and 0.43 after incubation, respectively, indicating
that the benzene-type structure was weakened while quinone-type structure was enhanced. The
results showed that PEDOT polymer changed from benzene-type to quinone-type structure after
incubation, which was consistent with Raman results.

3.6 Electrocatalytic mechanism of o0PEDOT-0PPy composite films
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Fig. S8 Proposed overoxidation mechanism of oPEDOT and oPPy in composite film prepared at
the high potential [20-21].
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Fig. S9 Proposed incubation mechanism for oPEDOT and oPPy in composite film after incubation
in NaOH-EtOH solution.

3.7.1 Frontier molecular orbital analysis

b-HOMO b-LUMO

d-HOMO d-LUMO

Fig. S10 Spatial distribution of the frontier molecular orbitals of o0PEDOTjs (a, ¢) and oPPys(b, d)



before and after incubation.

3.7.2 Adsorption energy analysis
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Fig. S11. Front view (left) and side view (right) of optimal geometry of oPEDOTg(a, c)and oPPys

(b, d) before and after incubation complex with luteolin (e) (a/e, b/e, c/e and d/e).
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