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Ni(OH)2@Ni core-shell nanochains was obtained by the electrochemical oxidation of the Ni
nanoparticles. Electrochemical oxidation was performed at room temperature by 100 CV cycles at
50 mV s! scan rate in the potential range -0.2+0.8 V in 1 M KOH by using a three-electrode setup
(Pt as counter electrode, SCE as reference electrode, 1x1 c¢cm? Ni nanoparticles as working

electrode).

The area of a CV curve represents the total charge Q [C cm™] exchanged in the cycle. The
charge was calculated every 10 CV cycles (charge at the n*10% cycle Q,,.10,n = 1,...,10). Then,
AQ/Q [%] was calculated as

ﬂ _ Qn*lo - Q(n—l)*lo "
Q Q(n—l)*lo

100 n=1,..,10

where Q, (n = 1) is the charge of the 1" CV cycle. Figure S1 shows %Q as function of the

AQ . . AQ .
cycle number. ?Q increases from cycle 1 to 20, then decreases. Finally, ?Q 1s almost constant (cycles

70-100), suggesting a total electrochemical oxidation of the Ni nanoparticles.
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Figure S1. Growth rate of the area of the CV as function of the cycle number during the electrochemical oxidation of the Ni
nanoparticles by 100 CV cycles at 50 mV s™! in the range -0.2+0.8 V in 1 M KOH solution.



Figure S2. Low-magnification TEM image in bright field mode of the Ni(OH)>@Ni core-shell nanochains.



In this work, accurate mass measurements were performed and the obtained results are reported

in Table S1.

Sample Mass [mg cm™]  #Ni[10'® atomscm™] % Ni
. Ni(OH)2 nanowalls 1.68+0.04 10.9 /
. Ni nanoparticles 0.85+0.01 8.7 100
. Ni(OH),@Ni core-shell nanochains 1.02 +0.04 / /
O Ni(OH) shell (experimental) 0.43+0.01 2.8 32
O Ni(OH); shell (estimated) 0.47 £ 0.05 3.1 36
. Ni core (estimated) 0.55+0.09 5.6 64

Table S1. Ni(OH), mass measurements.

Ni(OH), nanowalls mass was measured as mass difference of samples before and after CBD.
Ni nanoparticles mass was measured as mass difference of samples before CBD and after thermal

annealing.

Once assumed that the mass difference between Ni(OH),@Ni core-shell nanochains and Ni
nanoparticles (Am [g cm™]) is due to OH incorporation, Ni(OH), shell mass can be estimated by

the following equation

Am
MNi(0H), shell (estimated) = Mgy My;con,

where Moy and My;op), are the molar mass of OH (17.0 g mol™") and Ni(OH)2 (92.7 g mol

1 respectively. A value of 0.47 + 0.05 mg cm™ was found.



Ni(OH)> shell mass was also measured experimentally following the procedure proposed by
Dai et al. to improve result accuracy [1]. A Ni(OH)>@Ni core-shell nanochains was immersed in a
10 M NHj solution for 24 hours at room temperature. Since ammonia molecules coordinate Ni?*

ions, forming the nickel ammonia complex, Ni(OH), dissolved [2]:

Ni(OH), + 6NH; — [Ni(NHz)6]>* + 20H-.

Ni(OH), shell mass was further evaluated as the mass difference before and after the
immersion in the ammonia solution. A value of 0.434 mg cm™ was obtained, which is consistent
with the expected one. In this way a possible contribution of the Ni foam substrate is also

considered, leading to more reliable results.

Ni areal density [10'® atoms cm™] was calculated for the different samples and reported in

Table S1.



CV was performed at different scan rates (1-50 mV s!) in the potential range -0.2+0.8 V in 1

M KOH. Figure S2 reports the recorded CV curves.
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Figure S3. CV curves of nanowalls (a) and core-shell (b) at different scan rates in the potential range -0.2+0.8 V in 1 M KOH.



GCD measurements were performed at different current densities (1-64 A g') in 1 M KOH.

The corresponding charge and discharge profiles are shown in Figure S4.
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Figure S4. Charge (a) and discharge (c) curves of nanowalls, charge (b) and discharge (d) of core-shell measured at different current
densities in 1 M KOH solution.



Specific capacity Q; [mAh g'] was calculated form reduction (discharge) peak in CV curves

according to the following equation [3]

) ) . . . dv .
where I is the current density [A cm™], m is the mass of the active material [g cm™], and d—It} is

the scan rate [V s'']. Figure S4 shows the specific capacitance as function of the scan rate for the

nanowalls and core-shell electrodes.
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Figure S5. Specific capacity of nanowalls (red open squares) and core-shell (blue spheres) as function of scan rates.
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Figure S6. SEM images of (a) Ni(OH), nanowalls and (b) Ni(OH)@Ni core-shell nanochains after cycling tests.
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To further investigate the electrical properties of samples, we simulated the electric field in
nanowalls and core-shell electrodes by using the COMSOL Multiphysics software. To simulate the
nanowalls electrode, a 20 nm thick Ni(OH)> nanosheet was designed, while a 17 nm thick Ni
nanosheet surrounded by a 3 nm thick Ni(OH), shell was designed to simulate the core-shell
electrode. A thick Ni substrate was used as current collector for both electrodes. The following
room temperature conductivities were used: 10713 S ecm™! for Ni(OH)2, 103 S cm™! for Ni, and 0.2 S
cm’! for 1 M KOH [28,30]. A steady-state model was employed to evaluate the electric field in the
electrodes at a constant applied voltage (0.4 V). The simulation software used three different

equations. In a stationary coordinate system, a slightly more general form of Ohm’s law states that

J=0E+ ],

where J is the current density, o is the electrical conductivity, E is the electric field and J, is the
externally generated current density. Under static conditions, the electric field E is finally defined

as

E= -VV

where V is the electric potential. To handle current sources, the first equation can be generalized to

V-]==V-(cW - J.) = Q;
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The diffusion coefficient of the OH" ions for the Ni(OH),@Ni core-shell nanochains was
calculated as follows: 1) anodic and cathodic peak current was plotted as function of the square root
of the scan rate (Figure S5) ii) linear fit was performed; ii1) the diffusion coefficient was calculated

from the slope of the linear fit based on the Randles-Sevcik equation [4]

anD)2

i, = 0.4463 nFAC( —

where i, is the peak current [A], n is the number of electrons involved in the redox event, F is the
Faraday constant (96485 C mol!), A is the area of the electrode [cm?], C is the concentration of the
diffusing specie [mol cm™], v is the scan rate [V s7'], D is the diffusion coefficient [cm? s'], R is the
gas constant (8.314 J mol! K-') and T is the temperature. The OH- ions diffusion coefficient was
calculated for both anodic and cathodic peaks, finding an average value of (1.41540.002)x10° cm?

st
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Figure S7. Anodic (spheres) and cathodic (open circles) peaks current of core-shell as function of scan rates.
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