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S1 Morphological evolution of the as-prepared Ni3(VOy), with reaction times

Figure S1 Morphological evolution of the sea-urchin shaped Ni3;(VO,), prepared at
200 °C at different reaction times: 0 h (a), 0.5 h (b), 1 h (¢c), 2 h (d), 4 h (e), 8 h (f),
12h (g), and 18 h (h).



Figure S2 Schematic illustration of the formation process of the sea-urchin shaped

Ni3(VOy),.

Here, sea-urchin shaped Ni3(VOy), was successfully synthesized through a simple
approach employing temperature (200 °C) reaction of Ni(NOs),6H,0, NH,;VO3, and
DTAB in homogeneous solution of ethanediol and H,O. The formation process of
sea-urchin structure is schematically illustrated in Fig. S2. In the initial stages, a large
number of intermediate nuclei were formed the solvothermal treatment in a short time
(Fig. Sla-c) and aggregated to large spheres (Fig. S1d) through the reaction between
Ni(NO;),, NH4sVO; and DTAB in a homogeneous solution. Then, slow crystal growth
followed: nanoflakes were grown on the surfaces due to their propensity for two-
dimensional growth (Fig. Sle, f). The nanoflakes located on the outside surface would
serve as starting points for the subsequent crystallization process (Fig. S1g), and then
an interior cavity and an inner core were gradually formed via a core evacuation

process due to higher surface energies (Fig. S1h).!-3



Figure S3 Morphology of the sea-urchin shaped Ni3(VOy),. a, ¢) SEM images of the

as-synthesized specimen. b, d) TEM images of the as-synthesized specimen.
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Figure S4 EDS spectrum of the sea-urchin shaped Ni3(VOy),.

Table S1. EDS elements analyze of the sea-urchin shaped Ni3;(VOy),.

Element Weight% Atomic%
OK 34.53 64.68
VK 24.17 14.22
NiK 41.30 21.09

Totals 100.00




There are nickel (Ni), vanadium (V) and oxygen (O) elements in the EDS
spectrum of Ni3(VOy), (Figure S4). The atomic ratio of nickel and vanadium is nearly
3:2. The atomic content of oxygen is a little larger than theoretical value. We
conclude that the small amount of redundant oxygen may be introduced from the
residual surfactant (DTAB) in the preparation process. The peak beside O peak

belongs to C, which is due to the use of carbon tape as the substrate in testing process.
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Figure S5 The XPS survey spectrum of Ni3(VOy), catalysts.



S2 Comparison of the morphology and electrocatalytic HER activity of the sea-

urchin shaped Ni3;(VO,), and Ni,V,_, materials
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Figure S6 (a) BET surface area of the sea-urchin shaped Ni3;(VO,), and Ni Vi
materials (NigoVy 1, NiggVo2, Nig7Vos3 and Nigs5V(s). (b)The corresponding pore size
distribution of the as-synthesized specimen above.
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Figure S7 (a) XRD patterns of the sea-urchin shaped Ni3;(VO,), and Ni,V,_ materials

(Nig9Vo.1, NiggVoo and Nij 7V 3). (b) The corresponding enlarged drawing of a.

The excessive nickel transfer to Ni(OH), in the Ni,V; materials (NigoVo,
NiggVo, and Nig7V(3). As is shown in Figure S7 a-b, the characteristic peaks of
Ni(OH), at 18.3° which covered one of the diffraction peaks of Ni3(VOy), at 19.0° are
attenuated with the decrease of excessive nickel.* Once again these results confirm
that optimizing the initial raw material proportion of nickel and vanadium (3:2) gives

rise to the formation of single Ni3;(VOy), without any impurities.



Table S2. ICP analyze of Ni3(VO,), and Ni,V;_ materials

Ni(58.70) V(50.94) The ratio of elements * The theoretical ratio

Samples
ppm ppm (%) of elements (%) ¢

NigoVo.1 75.72 7.44 8.834 9.000
NipsVo2 53.14 11.97 3.852 4.000
Nip7Vos 58.51 20.70 2.453 2.333
Ni3(VOy),  62.32 36.84 1.468 1.500
NigsVos 47.09 40.99 0.997 1.000
Nip4Voe 52.66 66.71 0.685 0.667

2The ratio of elements = mole number of nickel / mole number of vanadium.

Figure S8 SEM images of NigoVo (a), NiggVo2 (b), Nig7Vo3 (c), Niz(VOy), (d),
Nig5Vo.s (e) and Nig 4V 6 (1)
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Figure S9 Polarization curves of the sea-urchin shaped Niz(VOy),, the Ni Vi

materials of lower Ni ratios (x means ratios of nickel) with a scan rate of 0.5 mV's'! in

0.5 M H,SO,.
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Figure S10 Tafel plots of Nig3V(7, Nip,Vogand Nig Voo derived from Figure S9.

The polarization curves show the overpotentials needed for Niy3V 7, Nig, Vg and
Nig Voo to achieve a catalytic current density of 10 mA-cm are 277, 309 and 318
mV versus RHE, respectively (Fig. S9). As shown in Fig. S10, the Tafel slope of
Nip3Vo.7, NigaVos and NigVye are ~200 mV/decade, ~211 mV/decade and 215

mV/decade, respectively.



~
&
L

—Nio.2Vos (b) y

— Nio.3Vo.7

- NI

1

—

=
I

—— Nio.sVos
—Ni3(VO4)2

|

~

=
n

Nio.sVo.s
—— light off
— -light on

Intensity (a.u.)
Current density (mA'cm'z)

'
w
=

400 500 600 700 800 900 03 0.2 -0.1 0.0
Wavelength (nm) Potential (V vs RHE)

————— (d)-

~
o~
-’
\
\
|
|
|
|
|
|
|

'
—
=
n
~

—
=)
1

=204

Nio3Vos
——light off

— =light on

:f 1t of f
— =light on

Current density (mA'cm™
.,
Current density (mA'cm‘z)

"
w
=

i
o
=

-0.3 -0.2 -0.1 0.0 -0.3 -0.2 -0.1 0.0
Potential (V vs RHE) Potential (V vs RHE)

~—
g

L
=
\

2

Current density (mA'em™) m

¥
=
1
¥
—
=
N
N,

Nio2Vos
—— light off
— =light on

Current density (mA'em
N,

= = light on

'
[
=

-0.3 -0.2 -0.1 0.0 -0.3 -0.2 -0.1 0.0
Potential (V vs RHE) Potential (V vs RHE)

Figure S11 a) UV-vis DRS on Ni;(VO,), and samples of lower Ni ratios. b-f)The
comparison of the polarization curves of NigsVys, Nig4Voe, Nig3Vo7, Nig,Vog and

Nig.1 Vo9 before and after visible light irradiation.

The results of the UV-vis diffuse reflectance spectroscopy (UV-vis DRS) on
Ni3(VOy), and samples of lower Ni ratios are shown in Fig. S11a. It can be observed
in Fig. S13a that the samples of the samples of lower Ni ratios (NigsVos, Nig4Voe,
Nip3Vo7, NipaVog and Nig;Vyo) all act out very weak or even no visible light
absorption. Besides, in the catalytic system above, there is no enhancement of the

electrocatalytic HER activity under visible light irradiation (Fig. S11 b-f).



S3 Experiments of the stability of the sea-urchin shaped Ni3(VQ,), in HER

electrocatalysis
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Figure S12 Time-dependent current density curve under static overpotential of 120

mV. The measurement was conducted in 0.5 M H,SOy,.

Figure S13 SEM images of the sea-urchin shaped Ni3(VOy), before (a) and after (b)

the stability test.
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Figure S14 XRD patterns of the sea-urchin shaped Ni3;(VO,), before and after the
PEC stability test.

(a) Before HER (b) After HER
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Figure S15 TEM and HR-TEM images of the sea-urchin shaped Ni3(VO,), before (a,
¢, ) and after (b, d, f) the PEC stability test.
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Figure S16 a)The XPS survey spectrum of Ni3(VO,), after PEC test._ High-resolution

XPS spectrum of Ni 2p region b), V 2p region c), and O 1s region d).
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Figure S17 High-resolution XPS spectrum of Ni 2p region a), V 2p region b) of the
sea-urchin shaped Ni3(VO,), before and after the PEC stability test.
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Figure S18 EDS spectrum of the sea-urchin shaped Ni3;(VO,), after the stability test.

Table S3. EDS elements analyze of the sea-urchin shaped Ni3(VO,), after the

stability test.

Element Weight% Atomic%
OK 38.66 68.62
VK 23.01 12.82
NiK 38.33 18.55

Totals 100.00
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Figure S19 The comparison of the element weight ratio of the sea-urchin shaped

Ni3(VO,), before and after the stability test.



Figure S13 compares the SEM images of the sea-urchin shaped Ni3(VO,), before
and after stability test of photo-enhanced HER electrocatalysis. There are only tiny
changes in the morphology of the structure, which may attribute to some strain
relaxation of the thin nanoflakes on the spherical surface or the oxidation of
Ni3(VOy,), during the HER process.’ Fig. S14 exhibits XRD patterns of sea-urchin
shaped Ni;(VO,), before and after PEC stability test, tiny change can be found, which
further confirms the chemical stability of catalyst. In addition to the SEM images, the
structural stability is further supported by TEM (Fig. S15). Fig. S15 a-d illustrate that
the main morphology was nicely maintained which is consistent with the SEM results.
It's worth mentioning that the sea-urchin shaped sphere somewhat agglomerated and
adhesion between the spheres appeared after PEC stability test. Although the
nanoflakes on the surface slightly crimped, the lattice fringes with interplanar
distances maintain in ~0.249 nm corresponding to the (122) planes of Ni3(VOy), (Fig.
S17 e-f).57 As is shown in Figure S19, the major elements do not illustrate particular
changes. Beside the oxidation of catalysts, the residual Nafion being used in HER

electrocatalysis test may also produce the incremental oxygen.



S4 Photoelectrochemical properties of catalysts

0
light off
- ight off
=
E -1004
B
E . light on
E -200
]
B
-]
g
£ -300-
S
(=]
=
=~ 400
0 500 1000 1500 2000

Time (s)

Figure S20 Time-dependent photocurrent responses curve under open circuit

potential with/without visible light irradiation.
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Figure S21 (a) Photocurrent responses of NigoV( 1, NiggVo, and Nigp;Vy3in 0.5 M
Na,SO, solution under visible light irradiation. (b) Photo-generated current-time

curve of Nip ¢V within a small range scale.

As a proof-of-concept application, the FTO photoanode of PEC cell was used to
examine the photocurrent characteristics. Figure S20 illustrate the photo-generated
current-time curves, where the black and red lines represent the current density in the
dark and under illumination, respectively. The enhanced photocurrent could be seen at

any external potentials, indicating the effective photoresponse ability. For a distinct



comparison, the photo-generated current-time curves of Nig ¢V ; within a small range
scale was shown in Fig. S21b. Almost no photocurrent response of is detected on bare

FTO substrate, excluding the contribution from FTO.
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Figure S22 Nyquist plots of the sea-urchin shaped Ni3(VO,), and Ni,V, materials

(Nig9Vo.1, NiggVo, and Nij 7V 3) before and after visible light irradiation.

As is shown in Figure S22, all the catalysts display a lower charge transfer
resistance (Rct) after light irradiation than before, and the Niz(VO,), catalyst reveal
lower faradaic impedance than other catalysts. The small Rct value observed for the
Ni3(VO,), after light irradiation implies good electron transfer ability,® suggesting the
composite is indeed a highly efficient photoresponse electrocatalyst in the hydrogen

evolution reaction.
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