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Figure S1 XPS survey spectra of NiCe(@NiTe heterostructure
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Figure S2 (a) high-resolution XPS spectra of O 1s, (b) Raman spectra of NiCe, NiTe and
NiCe@NiTe electrodes.



Figure S2 (c) TEM image of NiCe@NiTe heterostructures, (b) HR-TEM image with region-1
(NiCe LDH) and region-2 (NiTe).
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Figure S3 Nyquist plot of the prepared catalysts in 1.0 M KOH solution (a) HER, (b) OER, (¢)
Polarization curves for HER, (d) Normalized polarization curve for HER.
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Figure S5, (a) LSV polarization curve, and (b) Nyquist plot of the prepared electrodes in 1.0

M KOH +0.3M EG solution.
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Figure S6, Nyquist plot of the prepared catalysts in (a) 1.0 M KOH solution, (b) 1.0M
KOH+0.3M EG and (c) in-situ Raman spectroscopy of NiCe@NiTe electrode after electro-
oxidation at 1.6 V vs RHE and after addition of EG into electrolyte.

Quantification of Formate and calculation of the faradic efficiency:

For the quantification of the formate in the electrolytes was performed using Shimadzu High-
Performance Liquid Chromatographic System, Japan (LC-2010 CHT), equipped with PDA
detector fitted with quaternary gradient pump, degasser, column oven and autosampler, Luna
Cig Column (250 mmx4.6 mm; Sum). After electrolysis at different current densities (10-100
mA/cm?), 1 ml electrolyte was diluted in 9 ml HPLC grade water and used for the recording
the chromatograph. The calibration curve was also prepared for the quantification of the

formate.
Optimized Chromatographic Conditions

Parameters Experimental conditions

Instrument Shimadzu High-Performance Liquid Chromatographic
System, Japan (LC-2010 CHT), equipped with PDA
detector fitted with quaternary gradient pump,
degasser, column oven and autosampler

Column Luna C;g Column (250 mmx4.6 mm; Sum)

Mobile phase 27.5 mM H,SOq4
(0.75 mL of H,SO, in 500 mL of Milli-Q Water)

Mobile phase Ratio 100 % v/v

Flow rate 0.3 mL/min

Diluent Milli-Q Water

Injection volume 20 uL

Column oven 35°C

temperature

Auto sampler 15°C

temperature




Detector Photo Diode Array (PDA)

Lamp D,

Detection wavelength 210 nm

Software LabSolutions

Run time 20 minutes

These were optimized chromatographic conditions which gives satisfactory results
and lie well within acceptance criteria.
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Figure S7(a) Stack Chromatogram for conversion from EG to formate (FA) electrolyte at

different current for 2 hours.
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Figure S7(b) Stack Chromatogram for formic acid standard for calibration curve for

quantification.
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Figure S7(c) Calibration curve for quantification of the formate.
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Faradic Efficiency for the electrochemical conversion from ethylene glycol to formate was

evaluated using following formula:

2 X moleof HCOOH X 96485

FE(%) = C

Where, C = charge (C)

X 100%

Table S1. Production rate of formate and faradaic efficieincy at different current densities.

Current density Charge Formate Production FE (%)
(mA cm?) © (m mol h'! cm?)
10 36 0.18 96.5
20 72 0.32 85.8
50 180 0.55 59.0
100 360 0.69 37.0




Figure S8, PET plastic bottle
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Figure S9, (a) LSV polarization curve of the prepared electrodes and (b)Nyquist plot of
NiCe@NiTe catalyst in PET hydrolysate.
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Figure S10 LSV curve of the prepared electrocatalysts in (a) 1.0M KOH, (b) 1.0M KOH+0.3M
EG, and (c) PET hydrolysate solution.
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Figure S11 Stability of NiCe@NiTe catalysts in 1.0M KOH+0.3M EG solution.
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Figure S12 Stability of NiCe@NiTe catalysts in 1M KOH.
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Figure S13 XRD pattern of NiCe@NiTe catalysts after 100 h stability in 1.0M KOH solution.

Table S2 Comparison of the performance of different advanced HER electrocatalysts.
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Figure S14 varying amount of H, and O, gas with time

No. Catalyst Electrolyte Potential (V vs.RHE) for | Ref.
100 mA cm
1. NiCe@NiTe 1M KOH 150mV @10 mA/cm? This
243mV@100 mA/cm? work
2. NiSe,//Ni(OH), IM KOH 184mV@10 mA/cm? [1]
3. NiCoFeB nanochains 1M KOH 345mV@10 mA/cm? [2]
4. PO-Ni/Ni-N-CNFs IM KOH 262mV@10 mA/cm? [3]
5. CoS,/MoS,/NF IM KOH 180mV@10 mA/cm? | [4]
358mV@100 mA/cm?
6. Ni;S,|P IM KOH 298mV@100 mA/cm? [5]
7. (NiCo,S4 NS/CC) IM KOH 181mV@10 mA/cm? [6]




8. Fe,V-MOF IM KOH 198mV@10 mA/cm? [7]
9. CoFeN,HNAs/NF 1M KOH 200mV@10 mA/cm? [8]
10. (NiCo,S4 NS/CC) 1M KOH 181mV@10 mA/cm? [6]
~330mV@100 mA/cm?
11. B, N: Mo,C@BCN IM KOH 148mV@10 mA/cm? 9]
273mV(@100mA/cm?
12. NiFeP nanorods IM KOH 178mV@10 mA/cm? [10]
13. NiCoFeP/C IM KOH 149mV@10 mA/cm? [11]
14. Co,P/M0,C/Mo0;Co3C@C IM KOH 182mV@10 mA/cm? [12]

Table S3 Comparison of the performance of different advanced OER electrocatalysts.

No. | Catalyst Electrolyte Potential (V vs.RHE) | Ref.
1. NiCe@NiTe IM KOH 1.54V@10 mA/cm? | This
1.63V@100 mA/cm? | work
2 ZIF-12/Fe-Cu IM KOH 1.567@10 mA/cm? | [13]
3 NiFeSe@NiSe/O@CC 1M KOH 1.56V @10mA/cm? | [14]
2. NizS,|P IM KOH 1.65V@100 mA/cm? | [15]
3. NiSe,//Ni(OH), 1M KOH 1.645V@10 mA/cm? | [1]
4 NigcFep4/C IM KOH 1.57V@10mA/m? [16]
5 NiS,/CoS, IM KOH 1.635V@100 mA/cm? | [17]
6 Ni/VN/NF IM KOH 1.56V@10 mA/cm? | [18]
1.63V@100 mA/cm?
7. NiFe LDH IM KOH 1.58V @10mA/cm? [19]
8. Ni MOF (BTC) 1M KOH 1.576V @10 mA/em? | [20]
9. 2D Ni-BDC/Ni(OH), 1M KOH 1.55V@10 mA/cm? | [21]
10. | Co-Fe-P-Se/NC 1M KOH 1.50V@10 mA/cm? | [22]
11. NiCoFeP/C IM KOH 1.50V@10 mA/cm? [11]
12. Co,P/M0,C/Mo3;Co3C@C IM KOH 1.592V@10 mA/cm? [12]

Table S4 Comparison of PETOR and EGOR performance of NiCe@NiTe catalysts with
previous reports work.

Catalyst Electrolyte Potential (V vs.RHE) | Ref.
for 100 mA cm™
NiCe@NiTe PET Hydrolysate 1.4V @10mA/cm? | This
1.46V @100mA/cm? | work

Mng 1Nig9C0,04.5 PET Hydrolysate 1.43V @5S0mA/cm2 | [23]
RSFs/CFP

OMS-Ni;-CoP PET Hydrolysate 1.52 V@ 10 mA/cm? | [24]
Ni;N/WsN, PET Hydrolysate | 1.47 V@ 50 mA/cm? | [25]
CuCo,04/NF PET Hydrolysate 1.56 V@ 100 [26]

mA/cm?
Co, CI-NiS PET 1.51V @100mA/cm? | [27]
electrooxidation
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NiCe@NiTe 1.0M KOH+0.3M 1.34V @10 mA/cm? | This
EG 1.38V@100 mA/cm? | work

NiCo,04/CFP IMNaOH+0.1 M | 1.44V @50mA/cm2 | [28]
EG

OMS-Nil- CoP IMKOH+0.5M 1.38V @50mA/cm? | [24]
EG

Cobalt-Based Coordination | 1 M KOH + 0.1 M 1.42V @10mA/cm? | [29]

Polymer EG

Ni-Fe;Sey IMKOH+0.3M 1.49 @ 10 mA/cm? | [30]
EG

Table S5 Comparison of overall water splitting performance of NiCe@NiTe with previous
reports work.

Catalysts Potential (V)@current density Ref.
(mA/cm?)
NiCe@NiTe 1.78V @10 mA/cm? This work
1.99V@100mA/cm?
CoMoO//CoMoP ~1.9V@100 mA/cm? [5]
NSs@NF
CoNi/CoFe,O4/NF 1.75V @ 100 mA cm~ [31]
Co.26-Ni(OH),/CF 1.73V@10 mA/cm? [32]
1.9V@100 mA/cm?
NiCoFeB nanochains 1.81V@10 mA/cm? [2]
1.96V@100 mA/cm?
B, N: Mo,C@BCN 1.84V@100 mA/cm? [9]
CoMn/CoMn,0, 1.64V@10 mA/cm? [33]
1.91V@100 mA/cm?
NiCoFeP/C 1.6V@10 mA/cm? [11]
C0,P/M0,C/M0;Co3C@C 1.74V@10 mA/cm> [12]
NiMoP-NiFeP 1.57V@10 mA/cm? [34]
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