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Supplementary Figure 1 | Correlation of hydrogen binding energy (HBE) with different N
doping amount on N-WC (001). The 6.25 % N doping amount shows the most appropriate HBEs
in N-WC.
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Supplementary Figure 2 | Correlation of hydrogen binding energy (HBE) at 1/4 coverage with
calculated d-band centers on Pt (111), N-WC (001), and WC (001). The coefficient of
determination R? indicates strong correlation between hydrogen binding energy and d-band

centers.
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Supplementary Figure 3 | Optimization of CVD synthesis conditions for N-WC nanoarray. To
optimize the catalytic performance, we tried T= 650, 750, 850 and 950 °C, andt=0.5,1,3 and 6
h. Current densities (without iR correction) at the overpotential of -200 mV for HER were read
from their linear scan voltammogram (LSV) tests. The result is displayed in the above figure,
which shows that the sample carbonized and N-doped at the condition of T=850 °C and t=3 h has
the highest current density, i.e., the best performance.
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Supplementary Figure 4 | TEM SAED graph of N-WC nanoarray.



Supplementary Figure 5 | EDS mapping of N-WC nanoarray. The elemental distribution of W a,
C b and N ¢ of N-WC. Tungsten and carbon are the main content of N-WC nanoarray, and only a
very small amount of nitrogen exist.
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Supplementary Figure 6 | XRD patterns of CFP, N-WC nanoarray, N-WC, and WC nanoarray.
The XRD patterns of the samples are almost the same with WC phase (PDF#51-0939).



element Weight Atomic
ratio ratio
CK 22.69 80.40
N K 0.00 0.00
O K 0.70 1.86
WM 76.61 17.74
total 100.00 100.00

Supplementary Figure 7| SEM-EDS results of WC nanoarray. The morphology of WC nanoarray
is almost the same with N-WC nanoarray in SEM, while N is absent in WC nanoarray from the

guantity analysis.
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Supplementary Figure 8 | TEM-EDS spectrum of N-WC nanoarray. W and C are the main
components while only 6.6 at. % of N exists in N-WC nanoarray sample.
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Supplementary Figure 9 | CV curves of the WC based catalysts at non-Faraday area. The CV
curves were tested in 0.5 M H,SO, at potential range without chemical reaction under scan rates
of 5, 10, 15, 20 and 25 mV s. a, b, c and d are CV curves of WC nanoarray, N-WC nanoarray, WC
and N-WC, respectively.
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Supplementary Figure 10 | ECSA of the WC based catalysts. Both of the two

nanoarray-structure samples display larger ECSA than their powder counterparts. The enlarged
ECSA favors HER with more active sites.



N-WC nanoarray
0. .nweC
|=—WC nanoarray
& ---WC
'E -50
o
< .
é -100 ','
1=
L 1501 J
S o
o
-200- 0
-04 -0.2 0.0

Potential (V vs.RHE)

Supplementary Figure 11 | ECSA-normalized HER polarization curves of the WC based catalysts.
After ECSA normalization, the superiority of N-WC samples is still remarkable, further
demonstrating the improvement of intrinsic activity by N doping. Also, the nanoarray samples
show much higher activity than their powder counterparts, which implies that the nanoarray
structure favors HER not only because of the enlarged surface area, but also due to the

accelerated gas bubble departure.



| —-0.152 vvs.RHE
-20 -
= J
';‘E -40—_
@
~ _80-
£ | 0.5MH,SO,
@ -100-
:=_ i
O —120—_
-140 -
0 5 10 15 20
Time (h)

Supplementary Figure 12|Stability test at about -60 A cm2. The stability of a fresh sample at
about -60 mA cm was tested. The current density increased in the first 6 h and then decreased
a little to an equilibrium state that the current remained unchanged throughout the rest 12 h.
The current density decreased about 0.5% after the total 22h test at about -60 mA cm™2.
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Supplementary Figure 13|Interrupted stability test at about -100 mA cm?2. To simulate
industrial production of H; at large current density with interruptions, we performed interrupted

stability test at about -100 mA cm™. The current density decreased about 14% after about 30 h
test.
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Supplementary Figure 14 | High resolution XPS profiles of W4f for N-WC nanoarray before and
after stability test. The height and position of peaks for W-C and W-N are almost the same
before and after stability test which implies that the N-WC nanoarray catalyst possesses good
stability.



Supplementary Table 1| TEM-EDS result of N-WC nanoarray.

Element wt% at%
w 89.61 36.43

C 9.15 56.96

N 1.24 6.61
Total 100.00 100.00



Supplementary Table 2 | Performance of the four WC based HER catalysts discussed in this
article. The loadings, electrochemical specific surface area (ECSA), and overpotentials at -10, -50,

and -200 mA cm are compared in the table below.

Sample Loading ECSA n@-200mA cm2 n@-50mA cm? n@-10mA cm?2
(mg) (mF cm?) (mV) (mV) (mV)
N-WC nanoarray 16 50.5 -190 -148 -89
N-wC 16 25.1 -306 -213 -114
WC nanoarray 20 70.3 -319 -245 -160

wcC 20 31.4 -513 -322 -193




Supplementary Table 3 | Performance of metal carbide based electrodes for HER in acid.
Catalysts with the working current density as high as -200 mA cm™? were rarely reported.

Although Ref. 1 tested MoC to the current density of -200 mA cm?, the overpotential is too large

during the whole current density range. The N-WC nanoarray electrode is therefore outstanding

among the metal carbide based HER catalysts as activity is concerned in both low and high

current densities. (Overpotential data were read from the LSV curves in each corresponding

reference.)

n@-200mA cm2 n@-50mA cm2 n@-10mA cm2
Materials Reference No.
(mV) (mV) (mV)
N-WC nanoarray -190 -148 -89 This Work

MoC -234 -177 -133 1
WC N/A -112 -53 2
MoCx N/A -126 -73 3
W,C+WN N/A N/A -120 4
W,C N/A N/A -120 5
Mo,C N/A N/A -220 6
Fe-WCN N/A N/A -250 7




Supplementary Table 4 | Performance of important non-precious metal based
electrocatalysts for HER in acid. Catalysts with the working current density to -200
mA cm? were only found in four references, among which only MoP; displayed
higher activity than N-WC nanoarray yet only with long term stability test at current
density of -20 mA cm. Therefore, both the activity and stability displayed by N-WC
nanoarray are excellent among the non-precious metal based electro-catalysts for
HER in acid. (Overpotential data were read from the LSV curves in each
corresponding reference.)

n@-200mA cm2 n@-50mA cm2 n@-10mA cm2
Materials Reference No.
(mV) (mV) (mV)

N-WC nanoarray -190 -148 -89 This Work
MoP, -140 -100 -63 8
CoSe -190 -168 -138 9
MoC -234 -177 -133 1
MoS - 265 226 -183 10

WC N/A -112 -53 2
MoP|S N/A -100 -63 1
MoCx N/A -126 -73 3

CoP N/A N/A -83 12
CoSe N/A -171 -113 13
W,C+WN N/A N/A -120 4
W,C N/A N/A -120 5
WS, N/A N/A -160 14
TiN N/A N/A -170 15
CoTe; N/A 213 -173 16
C0sSs N/A -290 -180 Ly
MoS, N/A N/A -219 18
Mo,C N/A N/A -220 6
Fe-WCN N/A N/A -250 7
CosSs N/A -700 -280 19

FeCo@NCNTs-NH N/A N/A -280 20




Supplementary Table 5| Mass loadings and metal loadings of catalysts for HER and
OER.

N-WC WC Pt/C Ir/C
N-WC WC IrO,
nanoarray nanoarray (20 wt. %) (20 wt. %)
Catalyst
16 mg/cm? 16 mg/cm? 20 mg/cm? 20 mg/cm? 0.4 mg/cm? 50 mg/cm?  11.7 mg/cm?
loading
Metal
oadi *10 mg/cm? 10 mg/cm? *10 mg/cm? 10 mg/cm?  0.08 mg/cm? 10 mg/cm? 10 mg/cm?
oading

*The metal loadings of N-WC nanoarray and WC nanoarray were calculated from the mass of the

precursor W03 nanoarray which was 13.1 mg/cm?.
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