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Fig. S1 XRD spectra of as-prepared CMO catalysts before annealing.
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Fig. S2 XRD spectra of CMO-1.5 and CMO-2 catalysts after annealing (m corresponds to the
(111) plane of Co).
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Fig. S3 XRD spectra of CMO-1 and CMO-1.25 catalysts after annealing (* corresponds to the
(111) plane of Co & A corresponds to (200) plane of CoO).
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Fig. S4. SEM images of (a, b) CMO-1 (c, d) CMO-1.25 (e, f) CMO-1.5 and (g, h) CMO-2

catalysts. Inset showing the EDX spectrum collected from the respective catalysts.
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Fig. S5 (a) SEM image of CMO-1.25 where EDX map was collected. EDX map of (b) Co (c)
Mo (d) O (e) Ni and (f) overlay.
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Fig. S6. (a, b) TEM images of CMO-2 (c) HR-TEM image of CMO-2, showing d spacing
corresponding to CooMo030s (inset showing the SAED pattern).



Fig. S7. TEM images of (a-c) CMO-1, (d-f) CMO-1.25 and (g-i) CMO-2.



Q
O
O
o

Co 2p Mo 3d Mo (6+) O1s ——cmo-1
. o (5+
El S5 3 -
< L) i © [OKLL Nizp o1
g = e ~ Co2s 2
2 2 2z 2 5
2 f 2 %
£ 8 s g e
E E E E Mo 3p . 1Mn 3d
r -_— Mo 4p]
Ni 3p
805 800 795 790 785 780 238 238 234 232 230 228 54 532 530 528 1000 800 o :_oo . 400 Vzoo [}
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) inding Energy (eV)
e Co2p Co 2p, f Mo 3d g O1s h ——CM0-1.25)
52
780.1 eV
- = A S
5 Fi 3 P 3
G} ) s H L
z 2 2 LI z
- o= ] s o
£ 2 s F <
I} o < F K]
= £ £ Vo €
£ E 7 ey £
805 800 795 790 785 780 775 238 26 24 232 230 28 54 52 530 528 1000 800 600 400 200 0
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
k cMO-2
I Co2p Co2p,, J Mo 3d Mo (6+) |
780.4 eV °> %7 Modd,, Mo (%)
- { - - - Ni 2p
= 3 = : Con i o1s
s a 8 s o2p
2 z 2 2
‘@ @ [
® @ [ c Mo 3 Mo 3d
() o S 8 1 Mo3p
b3 £ £ 15 c1s
= = = = Mo ap|
Ni3p
805 800 795 790 785 780 238 236 234 232 230 228 534 532 530 528 1000 8"°B_ d_6°° - 400 200 0
Binding Energy (eV) Binding Energy (eV) inding Energy (eV)

Binding Energy (eV)

Fig. S8. XPS spectra (a) Co 2p, (b) Mo 3d, (c) O 1s and (d) survey spectrum of CMO-1 (e) Co
2p, (f) Mo 3d, (g) O 1s and (h) survey spectrum of CMO-1.25 (i) Co 2p, (j) Mo 3d, (k) O 1s and
(1) survey spectrum of CMO-2.

Table S1 XPS peak position and quantification of the percentage of different Mo species.

Sample [ Co(2+) | Co(sat.) | Mo(4+) | Mo(5+) | Mo(6+) | % of % of % of
Mo(6+) | Mo(5+) | Mo(4+)

CMO-1 | 780 784.8 229.6 | 2306 232.6
53.0% | 256% | 21.4%

795.7 | 801.6 2327 | 2339 235.6

cMo- | 7801 | 785 2294 | 2304 | 2323
195 553% | 206% | 24.1%

795.8 801.5 232.6 233.7 235.4
CMO-2 | 780.4 785.6 229.3 230.5 232.3
795.9 801.9 232.8 233.8 235.6

45.5 % 51.1 % 34%

CMO- | 780 784.7 229.0 230.1 232.0

155 478% | 41.4% | 10.8%
arter 795.8 802.3 232.4 233.4 235.1

HER

CMO- | 780.8 784.8 229.6 230.8 232.4

1.25 207% | 66.7% | 3.6%
after 796.2 803.6 232.9 234.0 235.7

OER
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Table S2 ICP-OES data of different CMO catalysts.

Element symbol and Concn. in ppm BT .
Sample code ) concentration| Co/Mo
Wavelength (nm) pg/ml (or) mg/L
(mmol)
Co 228.616
CMO-1 24.46 0.41
Mo 202.031 40.94 0.42 0.97
Co 228.616
CMO-1.25 21.77 0.47
Mo 202.031 36.19 0.37 1.24
Co 228.616 135.2
CMO-15 22
Mo 202.031 133.7 1.39 1.65
Co 228.616 90.93
CMO.-2 1.54
Mo 202.031 82.72 0.86 1.8
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Fig. S9. Comparison of HER catalytic activities of different Co or Mo based non-noble metal

Catalysts

electrocatalysts in alkaline solutions (* represents in 0.1 M KOH).
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Fig. S10. Calculation of electrochemical double layer capacitance (Ca) of HER catalysts by
plotting the current density variation for CMO based catalysts against the scan rates of cyclic
voltammetry (CV) tests. Cyclic voltammetry tests at different scan rates in non-Faradaic
regions for (a) CMO-1, (b) CMO-1.25, (¢c) CMO-1.5, (d) CMO-2 and (e) capacitive current
densities at onset potentials as a function of scan rate. Here Al is equal to AJ= % Where Ja

and Jc are the anodic and cathodic current densities. The electrochemical double layer

capacitance is obtained from the slope of the fitted straight line. (f) calculated ECSA for CMO

catalysts.
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Fig. S11 ECSA-normalized polarization curves of CMO catalysts for (a) HER and (b) OER.
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Fig. S12. The OER catalytic activities of different Co or Mo based non-noble metal electrocatalysts in

alkaline solutions (* represents overpotential for 100 mA cm™, ** represents overpotential for 50 mA

cm™and * for overpotential for 15 mA cm?).
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Fig. S13. Calculation of electrochemical double layer capacitance (Ca) of OER catalysts (a)

Cyclic voltammetry (CV) tests at different scan rates in non-Faradaic regions for (a) CMO-1,
(b) CMO-1.25, (c) CMO-1.5 and (d) CMO-2 (e) capacitive current densities at onset potentials

as a function of scan rate. Here AJ is equal to AJ= %Where Ja and Jc are the anodic and

cathodic current densities (f) calculated ECSA for CMO catalysts.
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Table S3 Comparison of the electrocatalytic activities of bifunctional electrocatalysts for

overall water splitting.

HER OER Full cell potential
HER 150 OER n0 for 10 mR cm?
Catalysts Tafel slope Tafel slope
value (mV) value (mV)
mV dec™! mV dec™!
NiCo0,0,@/CoMoO4/NF =
heterostructure [32] 121 77 265 (20 mA cm™) 102 155V,12h
NiCo,04 hollow micro cuboids [33] 110 49.7 290 53 1.65V,36h
CoP [34] 58 58.3 270 (50 mAcm?2) 1164 1.66 (20 mA cm2)
NiS/Ni,P/CC heterostructures [35] 111 78.1 265 (20mAcm2) 483 1.67V,10h
NiCo,S, nanowire arrays [36] 2 141 280 20mAcm?) 89 1.68V, 10 h
224 (50 mA cm™) R
CoyFe; phosphide [37] 166 88.9 225 37.9 1.56 V, 18 h
Mo-Cu-Ni,P@NF [38] 34 66 341 (100mAcm2) 79 1.50V, 100 h
Ni,P [39] 96 94 255 57 147V, 12h
AP PEREE 250y 97 86 260 20mAcm?) 60 163V, 25h
Nanowire [40]
CoS; nanotubes [41] 193 88 276 81 167V,20h

11
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Fig. S14. SEM images of catalysts after 100 h stability tests (a-c) SEM images of CMO-1.25
after HER, inset showing the EDX spectra of sample (d-f) CMO-1.25 catalysts after OER, inset
showing the EDX spectra of sample.
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Fig. S15. XPS spectra (a) Co 2p, (b) Mo 3d and (c) O 1s of CMO-1.25 after HER (d) Co 2p, (e)
Mo 3d and (f) O 1s of CMO-1.25 after OER.
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Fig. S16. (a) Potentiodynamic polarization curve for the water electrolyser assembled with

CMO-1.25 catalyst as both anode and cathode (b) volume of hydrogen produced for the water

electrolyser assembled with CMO-1.25 catalyst as both anode and cathode with different

potentials.

The theoretical calculation for the volume of H production is as follows and is provided in the
supplementary information.

Volume of hydrogen (mlL)evolved for a minute
= (Current(A) X Time (sec) X 22400 (mL/mol))/2F

Where F is Faraday's constant.

o
1
(]

P
N
N
[N}

Table S4 Comparison of the electrocatalytic activities of catalysts for overall water splitting in

electrolyser setup.

. Membrane Current density @ 1.8V
Electrolyser design used Electrolyte | Temperature (mA cm?) References
CMO-1.25M|| CMO-1.25 © FAS-50 1M KOH | 60°C 670 mA cm This work
NiFeV®||Co/CoO/CoMo0O3" FAA-3-PK-130 | 1M KOH - 100 mA cm? @ 2.05V [13]
S ) N . Pure 2
NiFe®)|| NiMo © XQAPS 70°C 400 mA cm [42]
water
NCT-20] NCT-2 © Tokuyama IMKOH | -- 170 mA cm @ 2.0V [43]
(A201)
NiCPs®|| NiCPs ©) (T:;“;‘]y)ama IMKOH | 70°C 150 mA em? @ 1.9V [44]
Li021C02.7904 [|Li0.21C02.7904 | (QPDTB-OH") 3;‘;‘:'“‘1 30°C 300 mA em? @ 2.05V | [45]
Steel mesh @ || steel mesh Zirfon (Agfa) 30% KOH | 70°C 100 mA em? @ 1.83 V [46]
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