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Fig. S1. RHE voltage calibration. The calibration was carried out in the high purity 

hydrogen saturated electrolyte with a Pt wire as the working electrode. The current-

voltage scans were run at a scan rate of 5 mV/s, and the average of the two potentials 

at which the current crossed zero was taken to be the thermodynamic potential for the 

hydrogen electrode reactions. Our result shows that the E (Ag/AgCl) is lower than E 

(RHE) by 0.223V. This value is corresponding with the value 0.227V estimated from 

Nerst equation. The pH value is 0.34 for an 0.5 M H2SO4 solution and the E (RHE) = 

E (Ag/AgCl) +0.207+0.059 pH = E (Ag/AgCl) + 0.227.



Fig. S2. Low-(a,c) and high-magnification (b) SEM images of FePNRs/CC.



Fig. S3. The XRD pattern of FeOOH/VAGNs/CC with the label of standard 

crystallographic spectrum of FeOOH (pdf#26-0792).



Table S1. The atomic percentage measure by XPS

Fe (%) P (%) C (%) O (%)
Sample 1 8.57 16.39 20.94 54.1
Sample 2 6.1 13.88 49.49 30.53
Sample 3 9.29 14.27 28.49 47.95
Average 7.99 14.84 32.97 44.19

Noted: The average atomic ratio is Fe: P: C: O= 1: 1.85: 4.12: 5.53.



Fig. S4. The EDX spectrum of FePNRs/VAGNs/CC.



Fig. S5. The Exchange current densities for HER of Pt/C, FeNRs/VAGNs/CC and 

FePNRs/CC.

Table S2. The comparison of the onset potential, η10, Tafel slope and loading amount 

of FePNRs/VAGNs/CC in this work and other HER electrocatalysts, including 

different improvement approaches of FeP and their carbon or other element 

composites, other noble-metal-free materials and those built on the graphene. (“~” 

means that the values are our estimation based on the reported data; “-” indicates that 



the values are not able to be extracted from the reported papers)

Type Material or structure feature
Onset 

potential 
(mV)

Overpotential  
at 10 mA cm-2 

(η10) (mV)

Tafel slop 
(mV/dec)

Loading 
amount 

(mg/cm2)
Ref.

FeP nanoparticles on 
graphene 

~38 123 50 - S1

FeP nanorod arrays 20 58 45 1.5 S2
FeP nanoparticles 50 154 65 - S3

Nanoporous FeP nanosheets ~100 ~230 67 - S4
FeP nanorod on Ti 65 85 60 - S5
Carbon-coated FeP 

microcubes
25 115 56 6.13 S6

FeP nanowires ~40 96 39 60 S7
FeP active sites bond carbon 

nanowires networks
131 256 75.8 - S8

FeP 
material

Modifying candle soot with 
FeP nanoparticales 

38 112 58 0.28 S9

Our work FePNRs/VAGNs/CC 19 53 42 0.776
FexCo1-xP nanowire - 37 30 - S10

Fe0.43Co0.57S2 ~125 - 55.9 0.037 S11
FeP 

combining 
with other 
element

FeP-CoP nanoarray - 78 75 1.03 S12

MoS2 monolayer ~100 183 77.6 - S13
CoSe2 nanowires ~80 130 32 1.3 S14

WP nanorod ~80 130 69 - S15
Ni2P nanoparticles ~80 ~120 87 0.38 S16

CoP nanowires ~50 110 54 0.35 S17
MoS2/Graphene nanosheets 30 110 67.4 - S18

WO2-carbon nanowires ~30 58 46 0.35 S19

Other 
materials

WP2 nanowire ~70 109 56 - S20
MoS2 nanosheets on 

graphene supported by CC
50 78 53 0.16 S21

Co2P nanoparticles on N,P 
doped graphene

45 103 58 - S22

MoSx on graphene supported 
by 3D Ni foams

~100 ~140 42.8 - S23

Nano-nickel on graphene ~50 ~100 54 - S24
MoS2 nanoparticles on 
reduced graphene oxide

~80 150 41 - S25

Other 
materials 

on 
graphene

WS2 on graphene oxide ~150 260 58 - S26



Fig. S6. The cyclic voltammograms with the scan rate of 10, 20, 40, 60, 80 mV/s 

within 0.1 to 0.3 V of (a) FePNRs/VAGNs/CC, (b) FePNRs/ CC and (c) VAGNs/CC.



Fig. S7. Low- and high-magnification SEM images of FePNRs/VAGNs/CC samples 

prepared by different electro-deposition voltage: (a) 0.8 V (FePNRs/VAGNs/CC -

0.8), (b) 1.6 V (FePNRs/VAGNs/CC-1.6 V), (c) 2.4V (FePNRs/VAGNs/CC-2.4) and 

(d) 3.2 V (FePNRs/VAGNs/CC-3.2).



Fig. S8 (a) The polarization curves with the corresponding (b) transformation of 

polarization curves against unit mass per unit area, (c) Tafel plots and (d) Nyquist 

plots of as-prepared FePNRs/VAGNs/CC-0.8, FePNRs/VAGNs/CC-1.6, 

FePNRs/VAGNs/CC-2.4 and FePNRs/VAGNs/CC-3.2. The inset in (a) show the 

enlargement near the η10 region. The insets in (d) show the enlargement of the 

FePNRs/VAGNs/CC-1.6 and the equivalent circuit used to fit the impedance spectra 

in which the Rs, Rct, and C represent the electrolyte resistance, electro-transfer 

resistance, and the chemical capacitance, respectively. The loading amount of 

FePNRs/VAGNs/CC-0.8, FePNRs/VAGNs/CC-1.6, FePNRs/VAGNs/CC-2.4 and 

FePNRs/VAGNs/CC-3.2 samples was measured to be 1.159, 0.776, 0.775, 0.4 mg 

cm-2 by ICP, respectively.



Fig. S9. The XRD pattern of FePNRs/VAGNs/CC prepared by different electro-

deposition voltage with the label of standard crystallographic spectrum of FeP 

(pdf#65-2595).
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