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Experimental section:

Chemicals: FeCl;.6H,0, CoCl,.6H,0, Ni(OAc),.4H,0, (NH4),M04013.2H,0 and aniline were
purchased from Aladdin Reagent Co. Ammonium peroxydisulfate (APS), HCI (36 wt.%), H3;PO,
(80%), H,SO4 (98%), KMnO,4, NaNO;, and H,O, were purchased from Sinopharm Chemical
Reagent Co. Pt/C (20 wt.%) were purchased from Sigma-Aldrich. Nafion solution (0.5 wt.%) was
purchased from DuPont, Ltd. All chemicals were used without further purification. All aqueous
solutions were prepared with DI water.

Interfacial preparation of GO@PANI. Typically, the interfacial reaction was performed in a 20
mL glass vial. Firstly, ammonium peroxydisulfate (APS, 245 mg, 1 mmol) was dissolved in 8§ mL
of 1 M dopant acid (HCI) solution. Then, 2 mL of aqueous GO dispersion (2.5 mg mL-!) which was
synthesized by a modified Hummers method!!! slowly added to the acid solution, followed by
ultrasonication for 30 min to form a homogeneous suspension, as the aqueous layer. Subsequently,
100 pL aniline was dissolved in the organic phase (10 mL) toluene, as the organic layer. Then,
organic phase was added carefully on the top of the aqueous solution, forming an organic/aqueous
interface. The steady interface was standing 6 hours at room temperature. The 2D GO@PANI (1:20)
was obtained after centrifuged and washed with DI water and ethanol. The GO@PANI (1:10) and
GO@PANI (1:40) were synthesized by the same procedure with different weight ratio of GO to
aniline.

For preparation of H3;BO; doped PANI nanosheet (GO@(BcPANI)), H;PO, doped PANI
nanosheet (GO@(PcPANI)) and H¢TeOg¢ doped PANI nanosheet (GO@(TecPANI)), the same
procedure was employed by just using H;BO3, H;PO4 and HgTeOyg as the doped acids, respectively.
Preparation of metal phosphide anchored N-doped porous carbon nanosheets
(RG@(MPCNPC)s). Typically, Fe’* and PO4* anchored PANI nanosheet (GO@(Fe[PCPANTI))
was firstly prepared by FeCl; and H3PO, involved interfacial polymerization. First, 245 mg APS, 2
mL GO solution, and 1.5 g FeCl;.6H,0 were added into the 8 mL of 1 M phosphoric acid aqueous
solution. Subsequently, 100 pL aniline was dissolved in 10 mL toluene as the organic layer. The
organic phase was added carefully on the top of the aqueous solution, forming an organic/aqueous
interface. After reacting for 6 h, GO@(Fe|PcPANI) can be obtained after drying. After thermal

treatment of GO@(Fe|[PCPANI) under hydrogen/argon (5%) atmosphere at 1000 ‘C for 2 h,



RG@(Fe,PcNPC) can be yield.

Synthetic routes for RG@(Co,PcNPC), RG@(Ni;;PscNPC), and RG@(MoPcNPC) are similar
to that for RG@(Fe,PcNPC) by replacing FeCl; to corresponding transition metal salts (CoCl,,
Ni(OAc), and (NH4);Mo040;3). For preparation of Fe,P and Co,P anchored NPC nanosheet
(RG@(Fe,P|Co,PcNPC)), the same procedure was used by adding both FeCl;.6H,0O (800 mg) and
CoCl,.6H,0 (800 mg) into the aqueous solution.

Characterization:

SEM measurements were performed on a FEI Sirion-200 field emission scanning electron
microscope. Transmission electron microscopy (TEM) images were acquired using a Tecnai G2
F20 S-TWIN transmission electron microscope (FEI) operated at 200 kV. AFM images of the
materials on a freshly cleaved mica surface were taken with a Nanoscope I1I in tapping mode using
a NSCl14/no Alprobe (MikroMash, Wislson-ville, Oregen). XRD analysis was performed on a
RigakuD/Max 2500 X-ray diffractometer with Cu Karadiation (k=1.54A) at age nerator voltage of
40 kV and a generator current of 50 mA with a scanning speed of 6 °“min’! over the range 5-80 (20).
FT-IR spectroscopy was performed on a Spectrum 100 (Perkin Elmer, Inc., USA) spectrometer with
a scan range of 4000-400 cm™!. X-ray photoemission spectroscopy (XPS) measurements were
performed on a PHI-5000C ESCA system, the C 1s value was set at 284.6 eV for charge corrections.
The gas sorption isotherms were measured via an Auto-sorb-iQA3200-4 sorption analyzer
(Quantatech Co., USA) based on N, adsorption/desorption.

Electrochemical measurements.

Supercapacitor. The working electrodes were prepared by mixing as-prepared materials, carbon
black (Super-P), and polytetrafluoroethylene (PTFE) at a weight ratio of 80:10:10 and pressed on
platinum net. The area of the active material on each electrode was about 1.0 cmx0.5 cm (about 0.5
mg). The electrochemical capacitive of materials was evaluated in a three-electrode system,
applying 6 M KOH as electrolyte, platinum wire and Ag/AgCl (saturated KCI) electrode as the
counter and reference electrodes, respectively. The electrochemical performance of samples was
determined by the cyclic voltammetry (CV) and galvanostatic charge-discharge. All
electrochemical experiments were carried out at room temperature.

Electrochemical catalyzed HER. The electrodes were prepared as follows: 5 mg catalyst was

blended with 50 pl Nafion solution (0.5 wt %) and 450 pl ethanol under sonication for 2h, producing



catalyst ink. Then 12 pl catalyst ink was pipetted on the surface of pre-polished glass carbon
electrode (0.2471 cm?). The electrodes were dried at room temperature before measurement. The
HER experiments were performed in a three-electrode electrochemical cell at ambient temperature
with a 660D CH Instrument potentiostat. An Ag/AgCl (KCl, 3 M) electrode as the reference
electrode, and a carbon rod as the counter-electrode, respectively. The Ag/AgCl reference electrode
was calibrated with respect to reversible hydrogen electrode (RHE). Linear sweep voltammetry
(LSV) measurements were conducted in 0.5 M H,SO,4 with scan rate of 5 mV s-!. All the potentials
reported in our work were vs. RHE. In 0.5 M H,SO4, E (RHE) = E (Ag/AgCl) +0.214 V, where E
is the potential of the electrode. Electrochemical impedance spectroscopy (EIS) measurements were
also carried out in the frequency range of 1000 kHz—0.02 Hz.

Electrochemical catalyzed ORR. The electrodes were prepared as follows: 5 mg catalyst was
blended with 500 pl Nafion solution (0.05 wt %) and sonication for 2h, producing catalyst ink. Then
9 ul catalyst ink was pipetted on the surface of pre-polished glass carbon electrode (0.2471 cm?).
The electrodes were dried at room temperature before measurement. The ORR experiments were
carried out in a conventional three electrodes cell using Wave Driver 20 bipotentiostatic (Pine
Instrument Company, USA) at room temperature. An Ag/AgCl (KCl, 3M) reference electrode and
a platinum wire counter electrode were used in the measurement. All tests were conducted in 0.1 M
KOH, and the potentials in this study refer to that of reversible hydrogen electrode (RHE). In 0.1 M
KOH, E (RHE) =E (Ag/AgCl) + 0.944 V. CV was performed in the potential range of -0.95-0.05V
vs Ag/AgCl reference electrode under a sweep rate of 100 mV s'!. RDE and RRDE were measured
in O,-saturated 0.1 M KOH at 1600 rpm at a sweep rate of 10 mV s-!.

The electron transfer number was determined by the following equation:
n=414/(Is+1/N) (S1)

The four electron selectivity of the catalysts was evaluated based on the H,O, yield, calculated from
the following equation:

H,04(%)=2001/N(I+1,/N) (S2)

where I and Iy refer to disk current and ring current, respectively; and N=0.37 is the ring collection
efficiency.



Fig. S1. Digital photos of the interfacial polymerization from 0 h (left) to 6 h (right) using 800 mL
beaker and 25 L tank as reaction vessels. We can synthesis ~0.5 kg GO@PANI via such interfacial
polymerization method each time, providing a general route to fabricate GO@PANI in large

quantity.



Fig. S2. (a) Digital photos of the interfacial polymerization without GO, from left to right the
reaction times are 0 min, 5 min, 10 min, 15 min, 30 min and 6 h. The PANI diffusing downward
due to the increased density, which consist of the presence of GO. (b-d) SEM and (e) TEM images

of PANI nanofibers fabricated via interfacial polymerization of aniline without using GO.
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Fig. S3. (a) XRD patterns and (b) FT-IR spectra of GO nanosheets, PANI nanofibers, and
GO@PANI nanosheets. The diffraction peak of GO at 10.6° can be attributed to the characteristic
diffraction peak of GO.[?1 The XRD peaks for GO@PANI at 15.2°, 20.6°, and 25.6°, corresponding
to the (011), (020) and (200) crystal planes of pure PANI, suggest that highly crystalline PANI had
been successfully produced through interfacial polymerization. Furthermore, the peaks of
GO@PANI were almost the same as that of pure PANI. This result reveals that the crystalline
structure for PANI can be preserved during employing GO as template in the interfacial approach.
Besides, an obvious diffraction peak located at 6.5° for GO@PANI represents greater linearization
of polymeric chain and favors electrical conductivity!®!. The FT-IR spectrum of GO displays a band
around 3440 cm! due to the —OH stretching mode in —COOH. In comparison with GO, several new
peaks for GO@PANI nanosheets appeared, such as the bands at 805, 1135, 1303, 1480, and 1560
cm!, which can be assigned to the stretching modes of -N-H, -C-H, -C-N, —-C=C—, and —~C=N,

respectively.



Fig. S4. SEM and TEM images of (a, b, and ¢) GO@PANI (1:10); (d, e, and f) GO@PANI (1:20);
(g, h, and i) GO@PANI (1:40). The 2D morphology of GO@PANI can be well preserved in

different GO/aniline weight ratio.
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Fig. S5. AFM images of (a) GO@PANI (1:10); (b) GO@PANI (1:20); (c) GO@PANI (1:40). The
thicknesses of GO@PANI (1:10), GO@PANI (1:20), and GO@PANI (1:40) were approximately
12 +£ 3,26 £ 5, and 36 + 7 nm, respectively, indicating that the thickness of GO@PANI increases

along with the increase of aniline/GO weight ratio.



Fig. S6. SEM (a), TEM (b-d) images of GO@(B<PANI) prepared by using H;BO; as the doped

acid during the interfacial polymerization.



Fig. S7. SEM (a, b) and TEM (c-¢) images of GO@(TecPANI) prepared by using HgTeOg as the

doped acid during the polymerization.



Fig. S8. SEM (a, b) and TEM (c, d) images of GO@(Fe|[PcPANI). Many free standing and uniform
nanosheets can be observed, demonstrating that the 2D morphology can be well preserved by

employing H;PO, and FeCl; as the dopants.



Fig. S9. Enlarged SEM and TEM images of RG@(Fe,PcNPC). The morphology of PANI domains
can be preserved after pyrolysis and the Fe,P nanoparticles were found uniformly distributed in

carbon matrix.



Fig. S10. SEM images of micron-sized Fe,P particles synthesized by the reduction of the mixture

of FeCl; and NH4H,PO4 at 900 °C for 2h.
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Fig. S11. XRD patterns of RG@(Fe,PCNPC) (black) and Fe,P nanoparticles (blue). All XRD peaks
can be indexed to crystalline Fe,P with lattice constants a=5.867 A, ¢ =3.458 A (JCPDS no. 51-
0943). Compared to the pure Fe,P nanoparticles, the diffraction peaks of RG@(Fe,PCNPC) are
more broaden but weaker in intensity, indicating the smaller crystalline size of Fe,P.[*] The broad

peak (*) at around 26° for RG@(Fe,PCNPC) can be attributed to the amorphous porous carbon.
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Fig. S12. XPS survey spectra (a), Fe 2p (b), P 2p (c) and N 1s (d) core level spectra for

RG@(Fe,PcNPC) and Fe,P. The Fe 2p3/2 and Fe 2p1/2 couple peaks located at 707.1/720.2eV and

711.2/724.0 eV can be ascribed to Fe,P and surface-oxidized ion species, respectively. The P 2p1/2

and P 2p3/2 peaks at 130.2 and 129.3 eV can be attributed to Fe,P, and the P 2p peak at 133.3 eV

can be attributed to residual phosphate. N 1s core level spectrum of RG@(Fe,PCNPC) can be fitted

into 398.5, 401.1 and 402.4 eV, which correspond to the pyridinic N, graphitic N and pyridinic N*-

O, respectively.]
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Fig. S13. N, sorption isotherms of RG@(Fe,PCNPC), RG@NPC, and NPC. The BET surface areas

of RG@(Fe,PcNPC), RG@NPC, and NPC are 240, 150 and 69 m? g'!, respectively (Table S2).
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Fig. S14. XRD pattern of RG@(MoPcNPC). All XRD peaks can be indexed to crystalline MoP

(JCPDS No. 24-0771).
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Fig. S15. XRD pattern of RG@(Co,PcNPC). Key XRD peaks can be indexed to crystalline Co,P

(JCPDS No. 65-2381).
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Fig. S16. XRD pattern of RG@(Ni;,PscNPC). Key XRD peaks can be indexed to crystalline Nij,Ps

(JCPDS No. 22-1190).
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Fig. S17. (a) CV curves of RG@(Fe,PcCNPC) at various scan rates; (b) galvanostatic charge-
discharge curves of RG@(Fe,PcNPC) at a current density of 1-10 A g'!; (¢) cycle performance of
RG@(Fe,PcNPC) at the current density of 1 A g-!, exhibiting excellent cycling stability with 77.9%

of capacitance retention after 1000 cycles.
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Fig. S18. CV curves for (a) NPC, (b) RG@NPC, (c) Fe,P nanoparticles at various scan rates from
5mV s to 100 mV s°!; galvanostatic charge-discharge curves for (d) NPC, () RG@NPC, (f) Fe,P

nanoparticles at different current densities.
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Fig. S19. Nyquist plots of Fe,P nanoparticles (black), NPC (blue), RG@NPC (green), and

RG@(Fe,PcNPC) (red), (solid: received data; open: calculated data). Inset: magnified Nyquist plot.
Below is the equivalent circuit used for fitting of EIS data. According to the equivalent circuit, the

charge-transfer resistance values (R.;) of the samples were obtained and summarized in Table S4.
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Fig. S20. (a) Polarization curves, (b) Tafel plots and (c) Nyquist plots of as-prepared metal
phosphide anchored N-doped porous carbon nanosheets. (d)Cycling stability of the

RG@(Fe,PcNPC) over 3000 scanning cycles in 0.5 M H,SO,.
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Fig. S21. Equivalent circuit used for fitting of EIS data for HER in 0.5 M H,SO,. R, is the overall
series resistance, CPE1 and R, are the constant phase element and resistance describing electron
transport at materials and GCE interface, CPEdl is the constant phase element of the
materials/electrolyte interface, and R is the charge transfer resistance at materials/electrolyte

interface. The R of samples were calculated and summarized in Table S5.
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Fig. S22. XRD pattern of RG@)(Fe,P|Co,PCNPC) nanosheets. Key XRD peaks can be indexed to

crystalline Fe,P (JCPDS No. 51-0934, blue) and crystalline Co,P (JCPDS No.65-2381, red).
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Fig. S23. XPS spectra of RG@(Fe,P|Co,PcNPC). (a) XPS survey spectrum of
RG@(Fe,P|Co,PcNPC). (b) C 1s core level spectrum of RG@(Fe,P|Co,PCNPC). The peaks at
284.6 and 286.2 eV can be ascribed to C-C/C=C and C-N, respectively. (c) N 1s core level spectrum
of RG@(Fe,P|Co,PCNPC). This spectrum can be fitted into 398.5, 401.1 and 402.4 eV, which
correspond to the pyridinic N, graphitic N and pyridinic N*-O-, respectively.l’! (d) P 2p core level
spectra of RG@(Fe,P|Co,PcNPC). The P 2p1/2 and P 2p3/2 peaks at 130.3 and 129.3 eV can be
attributed to Fe,P or Co,P, and the P 2p peak at 133.3 eV can be attributed to residual phosphate.
(e) Fe 2p core level spectrum of RG@(Fe,P|Co,PcNPC). The Fe 2p3/2 and Fe 2p1/2 couple peaks
located at 707.1/720.2eV and 711.5/724.0 eV can be ascribed to Fe2P and surface-oxidized ion
species, respectively. (f) Co 2p3/2 spectrum of RG@(Fe,P|Co,PCNPC). The peak located at 778.7
suggests that there are reduced Co species in Co,P. The peaks observed at 781.7 and 784.6 eV could

be categorized into an oxidation state of cobalt.[°]
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Fig. S24. CV curves for RG@NPC (a), RG@(Fe,PcNPC) (b), RG@(Co,PcNPC) (c), and

RG@(Ni;,PscNPC) (d), recorded under nitrogen-saturated (red) and oxygen-saturated (black) 0.1
M KOH solutions.
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Fig. S25. RRDE curves for RG@NPC (a), RG@(Fe,PcNPC) (b), RG@(Co,PcNPC) (c), and
RG@(Ni;;,PscNPC) (d) in O, saturated 0.1 M KOH solution. All samples were measured at an

angular rotation rate of 1600 rpm.
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Fig. S26. (a) RRDE current-potential curves for RG@(Fe,P|Co,PCNPC) in O, saturated 0.1 M
KOH solution at an angular rotation rate of 1600 rpm; (b) polarization curves of
RG@(Co2P|Fe2PcNPC) and Pt/C in O,-saturated 0.1 M KOH solution. The half-wave potential
difference between RG@(Fe,P|Co,PcNPC) and Pt/C was found as only 49 mV. (c) RDE
voltammograms of RG@)/(Fe,P|Co,PCNPC) recorded in an O,-saturated 0.1 M KOH solution at a
scan rate of 10 mV s! at different rotation rates; (d) Koutecky-Levich plots of

RG@(Fe,P|Co,PcNPC) derived from RDE voltammograms at different electrode potentials.
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Fig. S27. XRD pattern of RG@(Fe;CcNPC). Key XRD peaks can be indexed to crystalline Fe;C
(JCPDS No. 35-0772). Blue curve is the Fe;C anchored Te/N-doped nanosheets (FeCl; and HgTeOg
as the dopants), and the black curve is the Fe;C anchored B/N-doped nanosheets (FeCl; and H;BO;

as the dopants). Therefore, as-developed interfacial method can be used to fabricate metal carbide

or other nanoparticles anchored and heteroatom doped carbon nanosheets.



Table S1. Elemental analysis of RG@(Fe,PcNPC) and RG@(Fe,P|Co,PcNPC) based on XPS

results.

sample C N (0) P Fe Co
Weight content (%)
RG@(Fe,PCNPC) 85.08 2.59 5.28 3.35 3.71 /
RG@(Fe,P|Co,PENPC)  85.33 3.12 5.56 2.25 1.55 2.19

Table S2. N, physisorption properties for RG@(Fe,PcNPC), RG@NPC, and NPC.

sample Sger/ (M 1)@ Spangmuir/ (M*> g1 *  Vio/ (cm® g)© D,/ (nm) ¢
RG@(Fe;PCNPC) 240 391 0.568 9.4
RG@NPC 150 300 0.630 16.8
NPC 69 362 0.095 54

a Surface area (m? g'!) calculated from the nitrogen sorption isotherms based on the BET model. ®
Surface area (m? g'!) calculated from the nitrogen sorption isotherms based on the Langmuir model.

¢ The total pore volume (cm? g!) calculated at P/P0 = 0.99. 4 Average pore diameter.



Table S3. The selected typical reported supercapacitors based on porous carbons, metal phosphides,

oxides and sulfides.

Electrode material Electrolyte Specific capacitance Cycling performance  Reference
PANI/GO 1 M H,SO4 555 F/g (1 Alg) 92% (2000 cycles) [2]
rGO-wrapped MoO; 6 M KOH 617 F/g (1 Alg) 87.5% (2000 cycles) [7]
rGO/a-MoO; 1 M Na,SOq4 291 F/g (2 mV/s) / [8]
N-doped GO 6 M KOH 424 F/g (0.1 A/g) / 9]
N-doped rGO 6 M KOH 225 F/g (0.5 A/g) 93% (1000 cycles) [10]
G-PANI-Co0504 6 M KOH 1063 F/g (0.5 A/g) 95% (2500 cycles) [11]
MnO,/rGO 1 M Na,SO;4 217 F/g (0.5 A/g) 84% (1000 cycles) [12]
P/N doped carbon 6 M KOH 236 F/g (5 mV/s) 86% (5000 cycles) [13]
WS/rGO 1 M Na,SO,4 350 F/g (2 mV/s) 10% (1000 cycles) [14]
NiS/GO 6 M KOH 800 F/g (1 A/g) 87.5% (1000cycles) [15]
GnP/PANI 1 M H,SO, 965.3 F/g (1 Alg) 84.4%(12000cycles) [16]
RG@(Fe,PcNPC) 6 M KOH 1098 F/g (1 A/g) 77.9% (1000 cycles) This work

Table S4. The charge-transfer resistance values (R.) of the samples as electrodes of supercapacitors

in 6 M KOH.
sample R (Q)
RG@(Fe,PcNPC) 0.25
RG@NPC 0.45
NPC 0.61
Fe,P nanoparticles 1032




Table S5. The R of as-prepared MPs-base carbon nanosheets as electrochemical catalysts for

hydrogen evolution reaction in 0.5 M H,SO,.

sample R (Q)
RG@(Fe,PCNPC) 0.602
RG@(MoPcNPC) 3.872
RG@(Co,PcNPC) 5.992

RG@(Ni;,PscNPC) 35.11
Fe,P nanoparticles 111.3

Table S6. Comparison of HER performance in acid media for as-prepared MPs-based catalysts.

catalyst Tafel slope (mV-dec!)  mat 10 mA cm?(mV) 7 at20 mA cm? (mV)
RG@(Fe,PCNPC) 61 115 140
RG@(MoPcNPC) 98 186 235
RG@(Co,PcNPC) 95 213 252
RG@(Ni;,PscNPC) 91 229 265
Fe,P nanoparticles 93 260 316




Table S7. Comparison of HER performance in acid media for RG@(Fe,PcNPC) with reported
HER electrocatalysts.

catalyst Tafel slope  nat 10 mA cm? 7 at 20 mA cm? reference
(mV-dec™) (mV) (mV)
FeP@PC 49 52 98 [17]
MoP 54 140 / [18]
MoP-CA2 54 125 160 [19]
CoP / 75 85 [20]
CoP/CNT 76 128 175 [21]
Co,P nanorods 71 134 167 [6]
Co-NRCNTs 80 260 / [22]
Ni,P 81 117 130 [23]
NisP, 40 140 / [24]
FeP nanosheets 67 240 300 [25]
FeSe, 66 / / [26]
Fe,P/NGr 65 138 164 [27]
RG@(Fe,PCNPC) 61 115 140 This work
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