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Figure S1. XRD pattern of MAX phase Ti3AlC2.



Figure S2. FESEM images of MAX phase with different magnifications



Figure S3. XPS survey spectra for the (a) MXene/Co3O4 and (b) MXene/Fe3O4 

nanocomposites.



Figure S4. EDX spectrum and their composition chart for MXene/Co3O4 nanocomposites



Figure S5. EDX spectrum and their composition chart for MXene/Fe3O4 nanocomposites



Figure S6. HER overpotential for bare NF, Pt/C, MXene, Co3O4, Fe3O4, MXene/Co3O4, and 

MXene/Fe3O4 composites



Figure S7. LSV profiles before and after 24 h continuous OER reaction



Figure S8. OER overpotential for RuO2, MXene, Co3O4, Fe3O4, MXene/Co3O4, and 

MXene/Fe3O4 composites



Figure S9. Non-faradaic region CVs for the(a) MXene/Co3O4 and (b) MXene/Fe3O4 

nanocomposites at different scan rates. 



Figure S10. XPS profiles after 24 h overall water splitting for MXene/Co3O4 composites: (a) 

Ti 2p, (b) C 1s, (h) O 1s and (d) Co 2p regions



Figure S11. XPS profiles after 24 h overall water splitting for MXene/Fe3O4 composites: (a) 

Ti 2p, (b) C 1s, (h) O 1s and (d) Fe 2p regions



Table S1. N2 sorption analysis of metal oxide, MXene and their composites. 

Sample BET (m2.g-1) Pore volume
(cm3.g-1)

Mean pore diameter 
(nm)

MXene 4.67 0.041 35.41

Co3O4 6.23 0.035 22.45

Fe3O4 3.42 0.024 27.56

MXene/Co3O4 13.3 0.076 22.91

MXene/Fe3O4 9.06 0.052 22.93



Table S2. HER catalytic performances MXene@oxide-based electrocatalysts

Electrocatalyst Electrolyte η (mV) Tafel Slope 
(mV·dec-1) Ref.

MXene/Co3O4 1 M KOH 52 @ 10 
mA/cm2 59

MXene/Fe3O4 1 M KOH 62 @ 10 
mA/cm2 81

This work

FeNi@MXene (Mo2TiC2Tx) 1M KOH 160@ 10 
mA/cm2 103.46 [1]

MoS2@Mo2CTx 0.5M H2SO4
176@10 
mA/cm 207 [2]

Mo2CTx/2H-MoS2 
nanohybrid 0.5M H2SO4

119@10 
mA/cm 60 [3]

Co-CoO/Ti3C2- MXene/NF 1M KOH 45@10 
mA/cm 47 [4]

Pd@MoS2/Mo2TiC2Tx
0.5M H2SO4 
&1M KOH

92 and 100 
@10 

mA/cm
60 & 80 [5]

MWCNT/V2CTx 1M KOH 27@ 10 
mA/cm2 41 [6]

FeS2@MXene 1M KOH 87@ 10 
mA/cm2 97.7 [7]

Mo2C/graphene 0.5M H2SO4
236@10 
mA/cm 73 [8]

Mo2CTx:Co 0.5M H2SO4
180@10 
mA/cm 59 [9]

Defect-rich CoS1.097/MoS2

0.5M H2SO4, 
1M KOH & 

1M PBS

228, 249 & 
341@10 
mA/cm

59, 75 and 85 [10]

NiFe2O4/Ti3C2 1M KOH 173@ 10 
mA/cm2 112.2 [11]

CoS2@MXene 1M KOH 175@ 10 
mA/cm2 97 [12]

Co(SxSe1-x)2 1M KOH 122@ 10 
mA/cm2 86 [13]

Ni0.9Fe0.1PS3@ MXene 1M KOH 198@ 10 
mA/cm2 114 [14]

CoP@MXene 1M KOH 116@ 10 
mA/cm2 57 [15]

Ni/NiS/NC 1M KOH 70@ 10 
mA/cm2 45 [16]

Mesh CrFe-CoP NSs 1M KOH 103.7@ 10 
mA/cm2 90.9 [17]

Co-NixPy@Co3O4 1M KOH 72@ 10 
mA/cm2 - [18]

Ru-SA/Ti3C2Tx 1M KOH 70@ 10 
mA/cm2 27.7 [19]



Table S3. OER catalytic performances MXene@oxide-based electrocatalysts

Electrocatalyst Electrolyte η (mV) Tafel Slope 
(mV·dec-1) Ref.

MXene/Co3O4 1 M KOH 310@ 10 
mA/cm2 74

MXene/Fe3O4 1 M KOH 270 @ 10 
mA/cm2 54

This work

FeNi@MXene (Mo2TiC2Tx) 1M KOH 190@ 10 
mA/cm2 42.78 [1]

Fe3O4/Ti3C2Tx 1M KOH 290@ 10 
mA/cm2 65.1 [20]

Co3O4/Ti3C2Tx 1M KOH 300 mV@ 
10 mA/cm2 118 [21]

Co-CoO/Ti3C2- MXene/NF 1M KOH 271@10 
mA/cm 47 [4]

MWCNT/V2CTx 1M KOH 469@ 10 
mA/cm2 77 [6]

FeS2@MXene 1M KOH 240@ 10 
mA/cm2 58.7 [7]

NiFe2O4/Ti3C2 1M KOH 266@ 10 
mA/cm2 73.6 [11]

CoS2@MXene 1M KOH 150@ 10 
mA/cm2 92 [12]

Co(SxSe1-x)2 1M KOH 151@ 10 
mA/cm2 65.5 [13]

Ni0.9Fe0.1PS3@ MXene 1M KOH 152@ 10 
mA/cm2 36.5 [14]

CoP@MXene 1M KOH 146@ 10 
mA/cm2 32.5 [15]

NiCoS/Ti3C2Tx 1M KOH 365@ 10 
mA/cm2 58 [22]

Ni/NiS/NC 1M KOH 337@ 10 
mA/cm2 52 [16]

Mesh CrFe-CoP NSs 1M KOH 256.4@ 10 
mA/cm2 55.9 [17]

Co-NixPy@Co3O4 1M KOH 120@ 10 
mA/cm2 - [18]

IrCo@ac-Ti3C2 1M KOH 220@ 10 
mA/cm2 60 [23]

Ru-SA/Ti3C2Tx 1M KOH 290@ 10 
mA/cm2 37.9 [19]

Ni0.7Fe0.3PS3@Ti3C2Tm 1M KOH 282@ 10 
mA/cm2 36.5 [14]



Table S4. Comparison of overall water splitting of MXene@oxide with various 

electrocatalysts.

Electrocatalyst Electrolyte Cell voltage (V) Ref.

MXene/Co3O4 1 M KOH 1.51 @ 10 mA/cm2

MXene/Fe3O4 1 M KOH 1.54 @ 10 mA/cm2
This work

FeNi@MXene (Mo2TiC2Tx) 1M KOH 1.74 @ 50 mA/cm2 [1]

Co-CoO/Ti3C2 1M KOH 1.55 @10 mA/cm2 [4]

FeS2@MXene 1M KOH 1.57 @ 10 mA/cm2 [7]

CoS2@MXene 1M KOH 1.62 @ 10 mA/cm2 [12]

Co(SxSe1-x)2 1M KOH 1.63 @ 10 mA/cm2 [13]

Ni0.9Fe0.1PS3@ MXene 1M KOH 1.65 @ 10 mA/cm2 [14]

CoP@MXene 1M KOH 1.56 @ 10 mA/cm2 [15]

Ni/NiS/NC 1M KOH 1.61 @ 10 mA/cm2 [16]

Mesh CrFe-CoP NSs 1M KOH 1.55 @ 10 mA/cm2 [17]

Co-NixPy@Co3O4 1M KOH 1.47 @ 10 mA/cm2 [18]

Ru-SA/Ti3C2Tx 1M KOH 1.56 @ 10 mA/cm2 [19]
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