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Density functional theory calculation:

Density functional theory (DFT) computation was applied to investigate the crystal
structural, elastic and electrical properties of ZnCoO, CoS and ZnCoS. All the
calculations in this paper were performed using the Vienna ab initio simulation
package (VASP).! The exchange-correlation energy was computed using the
Perdew-Burke-Ernzerh functional of variant of the generalized gradient
approximation (GGA).?> Interaction between ion and electron was described with
projector augmented wave pseudo potentials (PAW) approach,>* and the energy cutoff
for the plane wave basis set was set to be 400 eV. Based on the cubic Co304 and
hexagonal CoS, a k-points sampling of 6X6X6 and 15X 15X3 were employed for
ZnCoO and ZnCoS, respectively, and the total energy was coverged to 107 eV.

For elasticity calculations, the formulas of elastic moduli and mechanical stability
criteria will be firstly introduced for the considered crystal systems. The formulas of
elastic moduli for cubic and hexagonal phase are based on Ref. 5 and Ref. 6,>¢
respectively. Mechanical stability criteria are according to Ref. 7.” Bulk modulus (B)
and shear modulus (G) are obtained from the arithmetic average of Voigt bound
(subscript V) and Reuss bound (subscript R) as the Voigt-Reuss-Hill approximations.®
It 1s known the Voigt bound is the upper limit of the actual effective moduli and is
derived from the average polycrystalline moduli based on an assumption of uniform
strain throughout a polycrystal, while the Reuss bound is obtained by assuming a
uniform stress and is the lower limit of the actual effective moduli.® Both Voigt bound

and Reuss bound are represented by the elastic stiffness constants Cj;.



Cubic phase (C11, C44 and C12)
Bv=Br = (C11 +2C12)/3
Gv =(Ci1 —Ci2 +3Cw)/5
Gr = 5(C11 — C12)Casa/[4Cs4 + 3(C11-C12)].
The mechanical stability criteria are given by
C11>0,C44>0, Cy1 >|Ci2, (C11 +2C12) > 0.
Hexagonal phase (Ci1, C33, C44, C12, and Ci3)
Bv = (1/9)[2(C11 + C12) + 4C13+Cs3]
Gv = (1/30)(M + 12C4s + 12Ces)
Br = C*/M
Gr = (5/2)[C*C44Ce6]/[3BvC44Co6 + C*(Cas + Cop)]
M = Ci1 + Ci2 +2C33 - 4C13
C? = (C11 + C12)C33-2Ci3%
The mechanical stability criteria are given by

Cas >0, C11 > |Ci2, (C11 + 2C12)C33>2C 3%
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Fig. S1. (a) SEM image of monometallic Co-MOFs/CC, (b) XRD patterns of Zn/Co-based
MOFs precursor and carbon cloth, (¢c) XRD pattern of ZnCoO-NSs, (d) the corresponding

EDS spectrum of ZnCoO-NSs.
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Fig. S2. XPS spectra of the Ni(OH)>@ZnCoS-NSs: survey spectrum (a) and high-resolution
spectra of Ni 2p (b), O 1s (c), Co 2p (d), Zn 2p (e), and S 2p (f).
The high-resolution spectra of Ni 2p and Co 2p (Figure S2b and d), they are well
fitted with two kinds of spin-orbit doubles and two shakeup satellites (marked as
“sat.”). For N1 2p spectrum, the two major peaks major peaks centered at binding
energies of 856.1 and 874.4 eV correspond to the Ni 2p3/2 and Ni 2p1s signals of Ni%*
and Ni**, respectively. In the case of Co 2p spectrum, spin-orbit splitting values of Co
2p32 and Co 2pin at 781.2 and 795.8 eV can be ascribed to Co?" and Co’",
respectively. The strong peak of Zn 2p (Figure S2e) located at 1023 eV corresponds to
Zn 2ps3; of the Zn(1I) oxidation state, which is the characteristic peak of Zn>". In
addition, the peaks of O Is and S 2p (Figure S2c¢ and f) at 532 and 164.5 eV are
originated from the metal-hydrogen-oxygen and sulfur-metal bonds, respectively,

indicating the presence of Ni(OH)> and ZnCoS.



Table S1. Comparison of capacitances between our Ni(OH)>@ZnCoS-NSs electrode and the

Ni-Co oxides/hydroxides, mixed metal oxides/sulfides, and their corresponding hybrid

structures electrode materials taken from the recently reported reports.

Maximum specific (areal) capacitance

Electrode materials Electrolyte ) Year-Ref.
at current density

Ni(OH),-Mg/Ni foam 6MKOH 1931 Fg'at05Ag" 20160
CoMoO4@Co030s/OMEP 2MKOH 7.13Fcm? (1168 F g') at 4 mA cm™ 2017"
Ni(OH),@MnCo0,04/Ni foam 2MKOH 2154Fg'at5Ag! 2016
Ni(OH),@g-C3N4/Ni foam 6 MKOH 1768.7Fglat7Ag! 20171
MnMoOs@NiC0,04/Ni foam 2MKOH 191 Fcm?(2010.5F g')at 1 mAcm?  2016"
Ni(OH),@FeOF/Ni foam 3MKOH 1452FglatlAg! 20171
MnO>@CoMoO4/GF IMKOH 8.01Fcm?(2666.7F g')at3 mAcm? 2018
NizS,@CoNixS4/Ni foam 2MKOH 2435Fg'at2Ag! 2017"
Ni(OH)@C0304/Ni foam 3MKOH 13063Fglatl.2Ag! 2017'3
Ni(OH)@NiCo,04/SICNW ~ 2MKOH  3.12Fcm? (2580 F ¢') at 4.8 mAcm? 2018
Ni(OH),@H-TiO»/CC 6MKOH 1101.6F g'at1mV s’ 201720

Ni(OH),@ZnCoS-NSs/CC  2MKOH 8.1Fcm? (2730 F g'yat3mAcm?  This work

Note:

OMEP = 3D ordered macro-porous electrode palte

GF = graphene foam
NW = nanowires
CC = carbon cloth
NS = nanosheets
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Fig. S3. Comparison of electrochemical performance of Ni(OH)@ZnCoS-NSs,

Ni(OH)@ZnCoO-NSs, and ZnCoS-NSs electrodes: CV curves measured at a scan rate of 30

mV s,
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Fig. S4. CV curves and GCD curves of (a,b) Ni(OH),@ZnCoO-NSs and (c,d) ZnCoS-NSs

electrodes collected at different scan rates and current densities.

Fig. S5. SEM images of Ni(OH).@ZnCoS-NSs/CC electrode after 10000 cycling test.
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Fig. S6. Comparisons of the GCD curves of Ni(OH)@ZnCoO-NSs and

Ni(OH),@ZnCoS-NSs at current densities of 1 and 5 mA cm?, respectively.

Table S2. Elastic stiffness constants C; (Gpa) for cubic ZnCoO, hexagonal ZnCoS and CoS.

Sample Cu Cn Cua Cs; Ci;

ZnCoO 6803.72 2614.78 1622.60 ~ ~
CoS 3705.70 1691.29 890.74 3477.90 1528.41

ZnCoS 3153.12 1517.05 923.75 3639.41 1730.06
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Fig. S7. SEM images of Ni(OH),@ZnCoO-NSs/CC electrode with the same mass of Ni(OH)»

before (a) and after (b,c) 10000 cycling test.
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Fig. S8. (a) and (b) SEM images with different resolution of the unitary VN nanosheets
covered on CC substrate before cycling test, (c) SEM image of the unitary VN nanosheets
after 10000 cycling test, (d) SEM image of VN@ZnCoO-NSs electrode after 10000 cycling

test.
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Fig. S9. CV curves of unitary VN nanosheets@CC electrode collected at different scan rates.
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Fig. S10. (a) CV curves of the Ni(OH),@ZnCoS-NSs and VN@ZnCoS-NSs electrodes in

separate potential windows at a scan rate of 10 mV s

!, (b) GCD curves of the ASC device

collected over different voltages from 0.6 to 1.6 V at a current density of 7 mA cm™, (d)

Nyqusit plot of the ASC device, (d) area specific capacitance and energy density calculated

based on GCD curves obtained at 7 mA cm™.
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Fig. S11. Mass-specific capacitances of the Ni(OH),@ZnCoS-NSs//VN@ZnCoS-NSs ASC at
different current densities.
Table S3. The maximum volume energy density comparison of our

Ni(OH)@ZnCoS-NSs//VN@ZnCoS-NSs ASC with the reported quasi/all-solid-state

Supercapacitors.
Cell volt Maxi densit
ASC devices cF votlage electrolyte aximum energ}; i Reference
V) (mW h cm™)
VO,/VN 1.8 LiCI/PVA 0.61 21
H-TiO,@MnO,//
10:@Mn0; 1.8 LiCI/PVA 0.3 22
H-TlOz@C
H-MnO,//RGO 1.8 LiCI/PVA 0.25 23
Ni(OH).//OMC 1.5 KOH/PVA 2.16 24
Ni@NiO//RGO 1.5 KOH 1.06 25
Ti-Fe.0,@PEDOT 1.6 LiCI/PVA 0.89 26
. 1 .
//MnO;
MnO,@Au-MSCs 0.8 H.SO4/PVA 1.75 27
Ni(OH)2@ZnCoS-N
I(OH)2@ZnCo 1.6 KOH/PVA 3.13 This work

Ss//'VN@ZnCoS-Ns

Note:

RGO = reduced graphene oxide

OMC = ordered mesoporous carbon
PEDOT = ploy(3,4-ethylenedioxythiophene)
MSCs = micro-supercapacitors
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