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1. Structural analysis

The survey spectrum of the Mo,C-600 showed peaks at 35.0, 247.40, 285.50, 280.60, 401.12,
532.58 and 970.80 eV (Figure S1a). Peaks appeared at 247.40, 285.50, 401.12 and 532.58 eV
corresponding to the Mo-3d, C-1s, Mo-3p, N-1s and O-1s, respectively, but some shifting in peaks
have been found, which may be due to no reaction and some intermediate states at the annealing
temperature of 600 °C.> 2 Elemental spectrums have been illustrated in detail to evaluate the
change and composition of the structure. The molybdenum elemental spectrum of the Mo,C-600
showed the binding energies peaks at 235.34 eV, which corresponds to the Mo**-3d3, (Figure
S1b). There is only peaks on molybdenum, which is most probable from the raw precursors and
incomplete reaction. The carbon elemental spectrum of the Mo,C-600 showed the binding
energies peaks at 284.64, 285.60 and 287.12 eV (Figure S1c). There is a little difference between
the first two peaks at 283.69 and 284.69 eV, which is revealed to the C-1s. The peaks at 286.34
eV showed that the surface of the Mo,C-600 was exposed to the environmental surface.? The
survey spectrum of the Mo,C-900 showed peaks at 39.61, 230.89, 280.61, 401.12,412.10, 532.58
and 970.79 eV (Figure S1d). Peaks appeared at 230.89, 280.61, 401.12, 412.10 and 532.58 eV
corresponding to the Mo-3d, C-1s, Mo-3p, N-1s and O-1s, respectively, but some shifting in peaks
have been found, which may be due to incomplete and intermediate states at the annealing
temperature of 900 °C.% 2 Elemental spectrums have been illustrated in detail to evaluate the
change and composition of the structure. The molybdenum elemental spectrum of the Mo,C-900
showed the binding energies peaks at 228.27, 229.00, 232.38 and 235.46 eV and predicted the
existence of molybdenum in different states (Figure Sle). There is no significant difference in

some peaks, which corresponds to the similar molybdenum states. The peaks at 228.27 and 229.0
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eV corresponded to the Mo*2-3ds/, and Mo*?-3ds, states. The peaks at 232.13 eV revealed to the
Mo*4-3d3/, state of molybdenum, while there is no significant difference at 232.38 and 235.46 eV
predicted to the Mo**-3d;/, of molybdenum. The surface of the Mo,C-900 was exposed to
environmental oxygen but the higher temperature sputtered and reduced the environmental
oxygen and precursors as compared to Mo,C-600.13 The carbon elemental spectrum of the
Mo,C-900 showed the binding energies peaks at 284.80, 285.60 and 287.75 eV (Figure S1f). There
is a little difference between the first two peaks at 284.80 and 285.60 eV, which is revealed to
the C-1s. The peaks at 287.75 eV showed that the surface of the Mo,C-900 was exposed to the
environmental surface.? Molybdenum and carbon composition was found as 0.13 and 53.16 % in
the Mo,C-600. Molybdenum and carbon composition was 10.99 and 60.98 % in the Mo,C-900.
The composition of the molybdenum was found to be greater in Mo,C-1200 than in Mo,C-600
and Mo,C-900, which reveals the higher temperature sputter the environmental oxygen and

precursors and led to a good structure.
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Figure S1: XPS spectrum (a) Survey spectrum (b) Molybdenum spectrum and (c) Carbon spectrum
for Mo,C-600. (d) Survey spectrum (e) Molybdenum spectrum and (f) Carbon spectrum for Mo,C-

900 nanosheets.

2. Morphological analysis

Morphology can significantly boost the electrocatalytic behavior of the electrode structures.
Shape and morphological analysis was studied using the SEM and TEM. SEM images reveal that
Mo,C-600 was irregular. Mo,C-600 exhibited a hybrid and different shape, consisting of spherical
balls and nanorods. TEM images reveal that Mo,C-600 showed the stack and irregular pattern of
nanosheets (Figure S2a, b). TEM analysis at higher magnifications reveals that the ratio of the

nanosheets was greater for Mo,C-600. EDX mapping of the Mo,C-600 showed the uniform
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distribution of different elements available in the precursors as carbon, nitrogen, oxygen and
molybdenum (Figure S2c-f). EDX mapping is also well consistent with the SEM and suggests the
distribution of the distribution of different elements in different shapes. Precursors did not react
at 600 °C or the employed duration was insufficient to stimulate the reaction. So, the synthesis
of Mo,C-600 is not successful and it is well manifested with the XRD predictions.

TEM images reveal that Mo,C-900 showed well-defined nanosheets (Figure S3a, b), which are
well consistent with SEM images. TEM analysis at higher magnifications reveals that the ratio of
the nanosheets was greater for Mo,C-600. EDX mapping of the Mo,C-900 showed the uniform
distribution of molybdenum, carbon and oxygen elements (Figure S3c-e). EDX mapping is also
well consistent with the SEM and suggests the distribution of the distribution of different

elements in the nanosheets like shape and corresponds to Mo,C-900 nanosheets.
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Figure S2. TEM images (a, b) Mo,C-600 hybrid shape. EDX mapping for elemental distribution of

(c) carbon element (d) nitrogen element (e) oxygen element and (f) carbon element in Mo,C-600.
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50 nm

Fi
gure S3. TEM images (a, b) M0o,C-900 nanosheets. EDX mapping for elemental distribution of (c)

molybdenum element (d) carbon element and (e) carbon element in Mo,C-900 nanosheets.
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3. Electrochemical measurements
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Figure S4. CV curves at different scan rates (a) Mo,C-600 (b) Mo,C-900 nanosheets and (c) carbon

element in Mo,C-1200 nanosheets in 1 M KOH.
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Table S1. Summary of specific surface area and electrical conductivity.

S.no.  Electrocatalysts Specific surface Electrical conductivity
area (m2g?) (MQ cm?)
1 Mo,C-600 56.76 2.18
2 Mo,C-900 64.47 86.30
3 Mo,C-1200 77.46 104.50
Table S2. Summary of HER measurements.
S.no. Electrocatalysts Electrolytes n(mv) Tafel slope TOF (s
(mV dec?) 1)
1 Mo,C-600 0.5MH,SO, 746 137 5.87
1 M KOH 178 161 169.66
2 Mo,C-900 0.5 M H,SO, 189 115 217.21
nanosheets 1 M KOH 161 69 197.84
3 Mo,C-1200 0.5MH,SO, 166 88 304.10
nanosheets 1 M KOH 139 44 210.75
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Table S3. Comparative Overpotential and Tafel slopes of Similar electrocatalysts.

S. Electrocatalysts  Strategy Electrolyte  Overpot Tafel slope Ref.
no. ential (mV dec?)
mV
1 Mo,C porous Phosphomolybdic at 950 1 M KOH 110 73.90 2
channels °C for 2 hours
2 Mo,C Two-step processes 1 M KOH 95 3
consisting of
hydrothermal and
annealing processes
3 WcC 0.1 MKOH 498 105.40
WC@NC Nitrogen doped carbon 0.1 MKOH 282 77.30 4
layer
4 WCy., Comparative study 1 KOH 216 122.2
0.5 M 247 >
H,SO,
5 Mog g4Nig.16- Bimetallic alloy-metal 1 M KOH 183 71 6
Mo,C/NCNFs carbide heterostructures
6 np-n-MoC Phase transformation 0.5 M 119 53
nanosheets H,SO,
1 M KOH 122 39 7
7 o-Mo,C-5 Annealing at 590 °C 1 MHCIO, 126 67 8
1 M KOH 122 41
8 Mo,C-1200 Annealing temperature 0.5 M 166 88 This
nanosheets and electrolytes H,SO, work
1 M KOH 139 44
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Table S4. Summary of electrochemical surface area (Agcsa)-

Scan rate Sqr.of Scanrate Mo,C-600 Mo,C-900 Mo,C-1200

(Vs?) (Vsi)

0.01 0.1 114.22 116.96 224.50
0.02 0.141421 96.34 93.78 175.01
0.03 0.173205 87.44 83.40 152.98
0.04 0.20 81.20 77.41 140.30
0.05 0.223607 76.76 73.47 130.11
0.06 0.244949 73.25 69.40 123.67
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