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EXPERIMENTAL PROCEDURES

Synthesis of 2H-MoS: nanosheets, and Te doped 1T@2H MoS:

homojunctions

Hexaammonium  heptamolybdate terahydrate  ((NH4)sMo07024-4H20),
Thiourea and Te powder (~100 mesh, 99.99%) were purchased from
Sinopharm Chemical Regent and Aladdin, respectively. All the chemicals were
used as received without further purification. 0.25 mmol of (NH4)sM07024-4H20
and 3.5 mmol of CH4N2S were dissolved in 8.75 mL of deionized water under
magnetically stirring for 10 min. The above mixture was transferred into a 10
mL Teflon-lined autoclave and heated in an electric oven at 220 °C for 18 h.
Then the autoclave was cooled to room temperature naturally, and the product
was collected by centrifugation. Finally, black 2H-MoS2 nanosheets was rinsed
with deionized water and ethanol several times, and dried in vacuum at 60 °C

overnight.

The as-prepared 2H-MoS2 and Te powder at a molar ratio of 1:2 were ground
and transferred into a tube furnace. The furnace was heated to 700 °C at a rate
5 °C/min under 10% H2/Ar atmosphere. After the reaction was maintained at

that temperature for 8 h, a grey product was collected and treated as above.
Characterizations

Powder X-ray diffraction (XRD) was performed using an Ultima IV X-
diffractometer with a Cu Ka radiation source (A = 0.15406 nm). X-ray
photoelectronic spectra were obtained from an ESCALAB250Xi with an Al Ka
radiation source (hv = 0.1486.6 eV). The morphologies and microstructures of
the 2H-MoS:2 and Te doped 1T@2H MoS2 nanosheets were characterized by
scanning electron microscopy (SEM, ZEISS MERLI) analysis, transmission
electron microscopy (TEM, TECNAI G2) and high-resolution transmission
electron microscopy (HRTEM, Talos F200 X). Resistance measurement is

determined by four probe method.
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Electrochemical Performance Evaluation

The electrochemical performance of the as-prepare 2H-MoS:2 and Te doped
1T@2H MoS:2 electrode was evaluated on a CHI 760E electrochemical
workstation (Shanghai Chenhua, China). The working electrode was fabricated
according to the following procedure: i) the samples, carbon black and
poly(tetrafluoroethylene) binder with a mass ratio of 80: 15: 5 was mixed
homogenously; ii) the obtained mixture was pressed onto a nickel foam and
dried at 60 °C for 12 h. An Hg/HgO electrode and platinum plate (1 cmx1cm)
were used as the reference electrode and counter electrode, respectively. The
electrolyte was 2 M KOH aqueous solution. Cyclic voltammetry (CV) and
galvanostatic charge-discharge (GCD) were measured both in a three-
electrode and two-electrode cell. Electrochemical impedance spectroscopy
(EIS) measurement was carried out in the frequency range from 0.001 Hz to
100 k Hz at open circuit potential with 5 mV amplitude. The specific capacitance

(C) was calculated according to the following equation based on GCD curves:

Q IAt

v  AVm

Where [ is the constant discharge current (A), At is the discharge time (s), Av
is the potential window (V), and m (g) is the mass of the active material,
respectively. The energy and power density of the asymmetric supercapacitor

device are calculated according to the following equations:

E_CAV2
)
P=E/t

Where C represents the capacitance of asymmetric supercapacitors, AV is the
cell voltage, and t is the discharge time in GCD curves, respectively. The
electrochemical performance of asymmetric supercapacitor was also tested
according to CV and GCD curves. The negative electrode was prepared by

mixing 95 wt.% of AC and 5 wt.% of polytetrafluoroethylenes, and the Te doped
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1T@2H MoS:2 electrode was used as positive electrode. The cathode and
anode were made of sample and activated carbon to assemble an asymmetric
supercapacitor. The electrochemical performance tests of the asymmetric
supercapacitor were carried out in a two-electrode cell at room temperature in

2 M KOH aqueous solution.
Computational Methods
Computational details

All calculations presented in this work were performed using the generalized
gradient approximation (GGA)-Perdew, Burke and Ernzerhof (PBE)' as
implemented in the all-electron DMol3 code.? 2 The Heterogeneous junction is
modelled using a 4x2V3 supercell 2H and a 4x2v3 supercell 1T-MoS2. The
layer spacing is fixed to 6.4 A. Double numerical plus polarization (DNP) basis
set was used throughout the calculation. The convergence criteria were set to
be 1x10% Ha, 0.001 HaA™', and 0.005 A for energy, force, and displacement
convergence, respectively. A self-consistent field (SCF) density convergence
with a threshold value of 1x10 Ha was specified. K-points were sampled using

the 3x3x1 Monkhorst-Pack mesh for this Heterogeneous junction.

All calculations presented in this work are carried out using the generalized
gradient approximation (GGA)-Perdew, Burke and Ernzerhof (PBE)* as
implemented in the all-electron DMol3 code.>® Double numerical plus
polarization (DNP) basis set was used throughout the calculation. The
convergence criteria were set to be 2x10~° Ha, 0.004 HaA-1, and 0.005 A for
energy, force, and displacement convergence, respectively. A self-consistent
field (SCF) density convergence with a threshold value of 1x10° Ha was
specified. All electronic property analyses are deal with Multiwfn software, a
program for realizing electronic wavefunction analysis.” Single point energy
calculation using Gaussian09 software® also carried out for a TeMosS11Hs
cluster model which is cut off from the optimized Te doped 1T@2H MoS2
structure and all dangling bonds of S are saturated with H, with the aim of
getting wave function file needed for the qualitative analysis electronic

characters and Bader charge for it using Multiwfn.

3.2. Computational models
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In order to construct the heterojunction structure, two 1T (9.60 A x16.63 A) and
2H (9.50 A x16.45 A) basic structures with similar dimensions have been
chosen in this work. All different heterojunction structure with the different
1T@?2H ratio is obtained by combining the two basic units. The lattice size in
the z-direction is set to 6.2 A, which is consistent with our experimental results.
a TeMosS11He cluster is cut off from the optimized Te doped 1T@2H MoS:2
structure and all dangling bonds of S are saturated with H (See the

supplementary materials for the more details).
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Figure S1. XRD pattern of the annealed 2H-MoS, without the presence of Te,
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Figure S2. TEM image of the Te doped 1T@2H MoS, homojunction nanosheets.
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Figure S3. HRTEM images of the Te doped MoS; with different molar ratios: (a) and
(b) 2H-MoS,: Te =1:1; (c) and (d) 2H-MoS;: Te =1:4; (e) and (f) 2H-MoS;. 7. =1:6.

S7



w
=
S
3 1.5
(&)
£
S
>
b
(1]
o
E Mo-Ka
Mo-kB
v -
10 15 20

Energy (keV)

Figure S4. HAADF-STEM element mapping images of Te doped 1T@2H MoS:: (a)
integrated image, (b) Mo, (c) S, (d) Te and (e) EDX survey spectrum.
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Figure S5. (a) CV curves of the Te doped1T@2H MoS; homojunction electrode at
different scan rates; (b) GCD curves of the 1TT@2H MoS; homojunction electrode at

various current densities of 20, 30 and 50 A g'.
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Figure S6. The electrochemical performance of the 2H-MoS, and 2H-MoS; after
annealing electrode. (a) and (b) the CV curves at different scan rates of the 2H-MoS;
and 2H-MoS, after annealing electrode; (c) and (d)galvanostatic charge-discharge
curves at various current densities of the 2H-MoS; and 2H-MoS; after annealing
electrode;(e) and (f) variations in specific capacitance with current density of the 2H-
MoS; and 2H-MoS:; after annealing electrode; (g) cycling performance of the 2H-MoS;
and 2H-MoS; after annealing electrode after 10000 cycles at 10 A g™'.
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Figure S7. Specific capacitance and discharge/charge time of different ratio of Te
doped 1T@2H MoS:
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Figure S8. (a) CVs at different scan rates; (b) and (c) GCD curves at various current
densities of Te doped 1T@2H MoS; electrode after 10000 cycles; (d) Variation in

specific capacitance with current density for pristine homojunction and cycled one.
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Figure S9. Ex-situ XPS of S 2p of (a) Initial 2H-MoS; after 2000 cycle and every 2000
electrochemical cycle 1T@2H MoS,; (b) initial Te doped 1T@2H MoS; after 2000 cycle
and every 2000 electrochemical cycle Te doped 1T@2H MoS,.
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Figure S10. The dependent content change of 1T phase on the electrochemical cycles.
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Figure S11. The CV curves of (a) Te doped 1T@2H MoS- and (b) AC.
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Figure S12. (a) CV curves at different scan rates and (b) GCD curves at various current
densities of the ASC device.

S16



Table S1. Summary of specific capacitances for MoS;-based electrodes

Electrode Specific Electrolyte Voltage window (V) Current  Refs
materials capacitance load or

(F/g) scan rate
Te doped 1053.8 2M KOH -0.25- 055 1A/g This
1T@2H MoS:  (origin) (AgCl/Ag) work

2248

(improved)
MoS,-H,O 380 0.5M Li2S04 -0.25- 055 5mv/s °

(AgCl/Ag)
MoS,/PANI 552 IM H>SO4 -0.1- 0.6(AgCl/Ag) 0.5A/g 1°
1T/2H MoS, 346 2M KOH 0- 0.5(SCE) 1 Alg 1
NizSs—MoS; 985.21 3M KOH 0- 0.53V(Hg/HgO) 1 A/g 12
MoS,/PANI-38 390 H>SO4 -02-1.0V 0.8 A/g 1
a-MoSy 463 IM NaySO4 -1.0--03V 1 Alg 14
YS-Mo$S; 343 1M Na,SO4 -1.0--02V 025A/g P
PANI/MoS; 575 IM H»SO4 -0.4- 0.6 V 1A/g 16
(Hg/HgO)

MoS;-graphene 243 IM NaSO4 -1.0-0 V (Hg/HgO) 1 A/g 17
PPy/MoS; 553.7 IM KCl1 -0.5- 0.3 V (SCE) 1 Alg 18
mesoporous 403 IM KCl -0.3- 0.5 V (SCE) ImV/is P
MoS»
1T/2H MoS; 366.9 6M KOH -0.1- 0.5 V (SCE) 05A/g
Cu-doped MoS, 502 IM NapSO4 -0.35- 0.3(AgCl/Ag) 1 A/g 21
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Table S2. Crystallographic Information Files (CIF) of each model over various 1T@2H ratios.

The content of MoS; Te doped MoS;
1T phase

16% CIF-1 CIF-Te-1

32% CIF-2 CIF-Te-2

50% CIF-3 CIF-Te-3

66% CIF-4 CIF-Te-4

83% CIF-5 CIF-Te-5
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