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Material characterization

The morphology of all prepared materials was investigated by field emission scanning
electron microscopy (FE-SEM, SU8000, Hitachi, Japan) and transmission electron microscopy
(JEM-2100F, JEOL Ltd., Tokyo, Japan). The crystal structures of these materials were determined
with an X-ray diffractometer (XRD, Empyrean series-2; PANalytical, Netherlands) with Cu Ka
radiation (A =1.5410 nm) over the 26 range of 10 ~ 90° at 40 kV, 40 mA. Material composition
and surface electronic characterization were done using XPS with K-a XPS (Thermo Scientific).
N, adsorption-desorption isotherms were recorded with a surface area and porosity analyzer
(Micromeritics 2020, ASAP, USA).

Computational Details

The theoretical investigation of K and OH adsorption on CoMo02S4 nanocomposite is based on
density functional theory calculations as implemented in the Vienna ab-initio Simulation package
(VASP) [1,2], using Generalized Gradient Approximation of Perdew, Burke, and Ernzerhof [3] as
the exchange-correlation functional. The interactions between valence electrons and ionic cores
are treated using the projector-augmented-wave potentials [4,5]. Monoclinic unit cell of CoMo,S,
witha=b=6.40 A, and c = 5.94 A is used for the analysis. K and OH adsorption on (100) surface
of CoMo,S,, Fe doped CoMo,S,, and Fe doped CoMo,S, is performed for comparison. Our
calculations reveal that substitutional Fe doping on the Co site is energetically more favorable than
on Mo site. Sulphur vacancy on (100) surface is introduced for adsorption analysis in CoM0,S..

A vacuum region of 15 A is used in the supercell containing the surface to avoid spurious



interaction with the periodic images. Spin-polarized calculations with energy cutoff of 540 eV is
used for plane wave basis set expansion. I'-centered k-point mesh of 1x3x3 is adopted for
calculations to sample the Brillouin zone of the supercell calculations containing vacuum. For
supercell relaxations, only two layers near the vacuum are relaxed, while rest of the atoms far from
the surface are kept fixed. For K and OH adsorption different surface sites are tested, and the one
with minimum energy is taken for comparison. Density of states calculations are performed on a

finer I'-centered mesh of 1x6x6.

(30 min)

Figure S1. Time images of aliquot portion of the sulfurization reaction to form Fe-
Co;S;@CoMo,S, (upper) and the elemental mapping of the product formed after 2 minutes of

reaction.



Figure S2. (a, b) SEM images of Co-ZIF doped with 0.03 and 0.06 mmol concentration of Fe, (c)
TEM image of hollow Fe-doped Co;S4;@CoMoS, and (d) TEM image of hollow
CO3S4@COMOS4
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Figure S4 (a-c). N,-adsorption/desorption isotherms and (d) SAED of FeCo;S,@CoMoS,
showing the polycrystalline nature.
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Figure S5. (a)Representative elemental line scanning profiles of FeCo3S4@CoMoS, (b) XPS
Survey spectra of the as prepared materials.
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Figure S6: EPR spectra (a) and high resolution XPS (b, ¢, d) of the as prepared nanostructures
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Figure S7: The power’s law and modified power law plots for (a, b) Fey¢Co-MOF, (c, d)
FeCo,S;@CoMo,S, and the corresponding charge storage mechanism.
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Figure S8. GCD Curve (a) and SEM images (b-c) of Co-MOF doped with 0.09, 0.12 and 0.15
mmol concentration of Fe
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Figure S9: Optimized structures of the undoped and Fe-doped CoMo2S4 shell and the

corresponding densities of states
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Figure S10. EIS Nyquist plots for the as prepared electrode materials.

Table S1. Comparison of electrochemical performance of reported electrode material

Electrode Material Specific Rate Cycle stability Ref.
capacitance performance
(Fgh (Fgh
Co-Ni-B-S 1281 at1 A g'! 802.9 at15 A g! 92.1%at 15 A g'! 6
10 000 cycles
Fe-NiCo-S 1919.6 at1 Ag! | 1122.0at 10 A g! | 78.0% at 10A g'! 7
5000 cycles
NiS@CoS 1210 at 1 A g'! 990 at 10 A g! 80.94% at 10 A g! 8
2000 cycles
NiCo-MOF 1109 at0.5 A g'! 957 at 10 A g'! 81.4%at 10 A g! 9
5000 cycles
NiyCo3.xS4 8952 at1 A g! 5852 at20 A g’! 79.4% at5 A g! 10
1500 cycles
CoySg/NF nanoarrays | 1090at0.5 A g'! | 600.3at10 A g’! 87.4% at 10A g’! 11
10000 cycles
Fe-Co3;S4@CoMo,S, 970.8at1 A g! 393.5at20 A g! 96.5% at 10A g! This
6000 cycles work
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