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Experiment section

The preparation of PANI-PA supermolecules were achieved by a simple
electrochemical polymerization in a three-electrode cell consisting of carbon paper
(CP) as both working and count electrode, saturated calomel electrode (SCE) as
reference electrode at room temperature. The PANI-PA was electropolymerized onto
CP in the electrolyte which was prepared by dissolving 4 mL HCI in 50 mL H,O and
then adding 2.3 g (25 mmol) aniline and 4.71 g phytic acid (5 mmol) to form uniform
solution after stirring for half an hour. The constant potential of 0.8 V vs. SCE was
applied to the working electrode for 20 min. After that, PANI-PA/CP was washed
with water, followed by drying at 80 °C for 6 h and then the pyrolysis is carried out at
800 °C , 900 °C , 1000 °C with a heating rate of 5 °C min! for two hours to transform
into N,P co-doped carbon nanofiber. The pure PANI was also prepared in the similar
way in the absence of phytic acid. The powder sample of PANI-PA-900-P was
prepared in the absence of CP according to the published paper.!

Materials characterization

The morphology was investigated by scanning electron microscope (SEM, Hitachi, S-
4800) and transmission electron microscopy (TEM, Tecnai g2 F20). The Raman
spectra were recorded at room temperature on a Horiba HR 800 with an argon ion
laser operating at 632 nm. X-ray powder diffraction (XRD) was carried out on a
Siemens D500 diffractometer with a Cu Ka source (1.54056A). Diffraction data were
collected for 20 angles from 10° to 90° at a scan rate of 5 ° min!. The X-ray
photoelectron spectroscopy (XPS) analysis was performed on an ESCALAB 250Xi

X-ray photoelectron spectrometer using Mg as the excitation source.



Electrochemical measurements

Electrochemical measurements of the samples for HER were carried out using an
electrochemical workstation (CHI 760E, CHInstrument, USA) with a typical three-
electrode system at the room temperature through both CV and LSV. The scan rate of
LSV measurements was 2 mV s! and the CV stability measurements was taken at the
scan rate of 50 mV s'! between -0.4 V-0 V (V vs. RHE). A carbon rod was used as
counter electrode and the obtained samples (Icmx1lcm) were used as the working
electrode and the SCE as reference electrode. The EIS test of PANI-PA-900 and
PANI-900 were performed at a potential of -200 mV wusing an Autolab
electrochemical workstation (Autolab PGSTAT302N, Metrohm-Autolab BV,
Netherlands). All potentials were converted to the reversible hydrogen electrode
(RHE) to unequivocally compensate for the pH changes. All electrochemical activity

data was presented with IR correction.

Figure S1. SEM images of (a), (c) PANI and (b), (d) PANI-900.



Figure S3. High-resolution TEM image of PANI-PA-900
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Figure S4. XPS survey spectrum of (a) PANI-PA and (b) N 1sand (¢) P 2p spectrum of
PANI-PA.
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Figure S5.The high resolution C 1sXPSspectra of PANI-PA-900.
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Figure S6.(a) The different pyrolysis temperature at mole ratio of aniline and phytic acid 5:1
and(b)different mole ratio of aniline and phytic acid at 900 °C for HER in 0.5 M H,SO,.

Figure S7.The powder sample of PANI-PA-900 prepared by adding the oxidant.
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Figure S8.The HER activity of PANI-PA-900-P and PANI-PA-900 in 0.5 M H,SO,.
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Figure S9. Cyclic voltammetry curves of (a) PANI-900 and (b) PANI-PA-900in 0.5 H,SO,.
The capacitive current measured at 0.22 V vs RHE was plotted as a function of scan rate (c)
PANI-900 and (d) PANI-PA-900.



Figure S10. SEM images of PANI-PA-900 after 2000 CV cycles.
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Figure S11.AC impedance spectroscopy of different electrodes at the overpotential of -0.2 V.
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Figure S12.The polarization curves of HER in KOH solution on (a) PANI-900 and PANI-
PA-900 and (b) the Tafel plots of different samples.



Table S1. The N and P element compositions in the samples of PANI-PA and PANI-PA-900
by accounting for N, P, and C.

Samples N content P content
P (at%) (at%)
PANI-PA 6.66 7.45
PANI-PA-900 3.27 1.77

Table S2. The comparison of HER performance of PNAI-PA-900 with other metal frees

electrocatalysts in 0.5 M H,SO,.
Onsetpotential Overpotential at Tafel slope
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