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Materials Characterizations

The morphological characteristics of the samples were investigated via scanning electron
microscopy (SEM, VEGA3) and field emission-transmission electron microscopy (FE-TEM,
JEM-2100F) at the Korea Basic Science Institute (Daegu). The crystal structures of the
samples were analyzed using X-ray diffraction spectroscopy (XRD, X’Pert PRO with Cu K,
radiation, A = 1.5418 A). X-ray photoelectron spectroscopy (XPS) of the samples was
performed using ESCALAB-250 with Al K, radiation (1486.6 eV). Thermogravimetric (TG)
analysis (Pyris 1 Thermogravimetric Analyzer, PerkinElmer) was conducted in the range 25—
800 °C at 10 °C min! under an air atmosphere. The surface area and porosities of the
samples were analyzed via Brunauer—Emmett-Teller (BET) method, using high-purity N,.
The structural characteristics of carbon in the sample were investigated via Raman
spectroscopy (Jobin Yvon LabRam HRS800, excited by a 632.8-nm He/Ne laser) at room

temperature.

Electrochemical Measurements

To measure the electrochemical properties of the samples for SIBs, a 2032-type coin cell
constructed from electrodes prepared via the slurry process was utilized. For the anode
electrode, the active materials, carbon black (Super-P), and sodium carboxymethyl cellulose
(CMC) in a weight ratio of 7:2:1 were uniformly mixed with water solvent in a mortar. The
well-mixed slurry was coated onto Cu foil using a doctor blade and dried in a vacuum oven
for 3 h. Sodium metal and a microporous polypropylene film were used as the counter
electrode and separator, respectively. The electrolyte for SIBs was 1M NaClO, dissolved in
ethylene carbonate/dimethyl carbonate (1/1 v/v). The diameter and mass loading of the
negative electrode were 14 mm and 1.4 mg cm™2, respectively. The discharge—charge
characteristics of the samples were analyzed via cycling in 0.001-3.0 V potential range at
various current densities. Cyclic voltammetry (CV) analysis was conducted at a scan rate of
0.1 mV s°'. Electrochemical impedance spectroscopy (EIS, ZIVE SP1) measurements of the
electrode were performed over a frequency range of 0.01 Hz — 100 kHz. In-situ EIS analysis
was performed at preselected potentials during the discharge and charge process at a current
density of 0.1 A g '. Galvanostatic intermittent titration (GITT) measurements were
performed at a constant current density of 0.1 A g'! with a current pulse duration of 20 min

and relaxation time of 60 min.
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Fig. S1 SEM images of (a- e) spray pyrolyzed precursor with dlfferent ratio of PVP/sucrose

(f-)) MgO-MgSe-C@C obtained after selenization of precursor, and (k-o0) carbon yolk-shell

obtained after etching process: (a, f and k) PVP/sucrose 0/1 wt%, (b, g and 1) PVP/sucrose
1/1 wt%, (c, h and m) PVP/sucrose 2/1 wt%, (d, i and n) PVP/sucrose 4/1 wt%, and (e, j and

0) PVP/sucrose 16/1 wt%.
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Fig. S2 XRD patterns of spray pyrolyzed precursor, post treated MgO-MgSe-C@C
microsphere, after etched C-YS 2/1 microsphere from spray solution containing Sn oxalate,

Mg nitrate, sucrose and PVP.
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Fig. S3 (a) N, gas adsorption and desorption isotherms and (b) BJH pore-size distribution of

carbon yolk-shell microspheres with different ratio of PVP/sucrose.
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Fig. S4 SEM images of NC(1:1)Se-C-YS with different ratio of PVP/sucrose: (a and b)
NC(1:1)Se-C-YS 0/1, (c and d) NC(1:1)Se-C-YS 1/1, (e and f) NC(1:1)Se-C-YS 2/1, (g and
h) NC(1:1)Se-C-YS 4/1, and (i and j) NC(1:1)Se-C-YS 16/1.
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Fig. S5 SAED patterns of NC(1:1)Se-C-YS 2/1.
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Fig. S6 Mapping images of N: (a) NC(1:1)Se-C-YS 1/1, (b) NC(1:1)Se-C-YS 2/1, (¢)
NC(1:1)Se-C-YS 4/1, and (d) NC(1:1)Se-C-YS 16/1.
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Fig. S7 EDS spectrum of NC(1:1)Se-C-YS 2/1.
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Fig. S8 XPS survey spectrum of NC(1:1)Se-C-YS 2/1.
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Fig. S9 Raman spectra of NC(1:1)Se-C-YS 1/1, NC(1:1)Se-C-YS 4/1, and NC(1:1)Se-C-YS
16/1.
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Fig. S10 TG curves of (a) NC(1:1)Se-C-YS 1/1, (b) NC(1:1)Se-C-YS 2/1, (¢) NC(1:1)Se-C-
YS 4/1 and (d) NC(1:1)Se-C-YS 16/1.
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Fig. S11 CV curves of (a) C-YS 1/1, (b) C-YS 2/1, (c) C-YS 4/1, and (d) C-YS 16/1.
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Fig. S12 XRD patterns of NC(1:1)Se-C-YS 1/1, NC(1:1)Se-C-YS 2/1, NC(1:1)Se-C-YS 4/1
and NC(1:1)Se-C-YS 16/1 electrode obtained after 100 cycles.
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Fig. S13 SEM images after 100 cycles of (a and b) NC(1:1)Se-C-YS 1/1, (¢ and d)
NC(1:1)Se-C-YS 2/1, (e and f) NC(1:1)Se-C-YS 4/1, and (g and h) NC(1:1)Se-C-YS 16/1.
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Fig. S14 SEM images of (a and b) NC(1:0)Se-C-YS 2/1, (c and d) NC(2:1)Se-C-YS 2/1, (e
and f) NC(1:2)Se-C-YS 2/1, (g and h) and NC(0:1)Se-C-YS 2/1.
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Fig. S15 XRD patterns of four nickel-cobalt selenide carbon yolk-shell microspheres with
different ratios of Ni and Co: NC(1:0)Se-C-YS 2/1, NC(2:1)Se-C-YS 2/1, NC(1:2)Se-C-YS
2/1, and NC(0:1)Se-C-YS 2/1.
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Fig. S16 Electrochemical properties of NC(1:0)Se-C-YS 2/1, NC(2:1)Se-C-YS 2/1,
NC(1:1)Se-C-YS 2/1, NC(1:2)Se-C-YS 2/1, and NC(0:1)Se-C-YS 2/1: (a) initial discharge
and charge curves, (b) cyclic performances at a current density of 1 A g! after the initial 5

cycles at 0.1 A g'! and (c) triplicate evaluations of rate performances from 0.2 to 5 A g’
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Fig. S17 SEM images of nickel-cobalt selenide yolk-shell.
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Fig. S18 XRD pattern of nickel-cobalt selenide yolk-shell.
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Fig. S19 Electrochemical properties of nickel-cobalt selenide yolk-shell for SIBs. (a) CV

curves, (b) initial discharge and charge curves, (c) cycle performance at a current density of

0.5 A g1, and (d) rate performances.
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Table. S1 Weight percentage of elements based on the EDS spectrum of NC(1:1)Se-C-YS
2/1.

Element Line k Factor Absorption Wt%
Type Correction
C K series 2.773 1.00 51.10
(0) K series 2.029 1.00 8.81
Co K series 1.173 1.00 7.91
Ni K series 1.145 1.00 7.99
Se K series 1.607 1.00 24.2
Total 100.00
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Table. S2 Comparison of electrochemical performances of various nickel-cobalt selenide-C

anode materials for SIBs reported in the previous literatures.

Cyclic

performance Rate
(mAhg) performance
. . Potential
Electrode material Preparation method feycle # (mA hg?) range [V] Ref.
[current density [current (liensity
3424
: : 198.5
NC(:1)Se-C-ys 271 | Metal saltinfiltration + {200} 000130 | Ow
selenization [5.0] work
[0.5]
Microwave
precipitation + ion 403 o1
Co-Ni-Se/BWCF-160 | Sxchange * chemical {100} 0.01-3.0 S1
etchmg + [lo]
hydrothermal [0.1]
selenization
370.56
Hydrothermal method 2523
NiCoSe,@C + dopamine coating + {100} 0.5-2.8 S2
carbonization 0.1] [5.0]
284
220
NiCo,Se, Solvothermal method {200} 04-29 S3
[5.0]
[1.0]
206.8 140
NiCoSe/CG Hydrothermal method {100} 0.5-2.9 S4
+ selenization [5.0]
[0.1]
295
. o 200
Ni;Ses@CoSe, @C/CNT Pr601p1tat19n (MOF) + (300} 0.01-3.0 35
s selenization 30
03] [3.0]
. 305
Wet-chemistry 289
CoSey/NiSe; @NC-CNT approach + {300} 0.01-3.0 S6
selenization 0.1] [5.0]
473 203
MNCSS0 Solvothermal method {60} (L0 0.01-3.0 S7
[0.05] '
462.14
AT 3713
NiCo,Se;@NPC Pre01p1ta't10n (MOF) + 70} 0.013.0 S8
selenization [2.0]
[0.1]
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