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Table S1. FT-IR vibrational frequencies of functional groups in Na-MMT, MMT:M(Phen),

composites, and 1,10-phenanthroline.

Sample O-H O-H C-N Si-O Si-O-Al Si-O
Na-MMT 3455 1636 1046 526 468
MMT:Ni(Phen), 3440 1636 1384 1047 525 468
MMT:Co(Phen), 3440 1624 1384 1047 526 468
MMT:Fe(Phen), 3440 1634 1384 1046 525 471
1, 10-Phenanthroline 3404 1345

Table S2. X-ray diffraction analysis of basal spacing and interlayer heights of Na-MMT,
MMT:Phen, and MMT:M(Phen), composites.

Sample Band Position (26) Basal spacing (A) Interlayer (A)
Na-MMT 6.88 12.8 3.2
MMT:Phen 4.77 18.5 8.9
MMT:Ni(Phen), 5.13 17.2 7.6
MMT:Co(Phen), 5.20 17.0 7.4
MMT:Fe(Phen), 5.25 16.8 7.2
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Figure S1. Small-angle X-ray scattering (SAXS) spectra of Na-MMT, MMT:Phen, and
MMT:M(Phen), composites.

Table S3. Small-angle X-ray scattering (SAXS) analysis of basal spacing and g-values of Na-
MMT, MMT:Phen, and MMT:M(Phen), composites.

Sample q-value (A1) Basal spacing (A)
Na-MMT 0.488 12.9
MMT:Phen 0.337 18.6
MMT:Ni(Phen), 0.361 17.4
MMT:Co(Phen), 0.362 17.3
MMT:Fe(Phen), 0.369 17.0
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Figure S2. (a-c) XPS survey spectra and (d) high-resolution C 1s XPS spectra of MMT:M(Phen),

composites.
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Figure S3. SEM images and energy-dispersive X-ray spectroscopy (EDS) analysis of (a)
MMT:Ni(Phen),, (b) MMT:Co(Phen),, and (c¢) MMT:Fe(Phen),.
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Figure S4. Cs-TEM images and energy-dispersive X-ray spectroscopy (EDS) analysis of (a)
MMT:Ni(Phen),, (b) MMT:Co(Phen),, and (¢c) MMT:Fe(Phen),.
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Figure S5. (a—c) Nitrogen adsorption/desorption isotherms at 77K for MMT:M(Phen),. (d)
Barrett-Joyner-Halenda (BJH) pore size distribution; (e¢) Nonlocal density functional theory
(NLDFT) pore size distribution of MMT:M(Phen), composites.

Table S4. Physical properties of MMT:M(Phen), composites determined from N, adsorption via

BET analysis.
SBET Smes Vmes Vtot
Sample
(mZ . g-l) (mZ . g-l) (cm3 . g-l) (cm3 . g-l)
MMT:Ni(Phen), 124.71 123.77 0.2727 0.3204
MMT:Co(Phen), 139.95 132.21 0.2888 0.3509
MMT:Fe(Phen), 137.61 104.94 0.2474 0.2932

Sget: The specific surface area; S;.s: The mesopore surface area; V,s: The mesopore volume; Vi The total

pore volume
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Figure S6. TGA curves depicting degradation patterns of Na-MMT and MMT:Phen.
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Figure S7. Electrochemical OER performance of catalysts. (a) linear sweep voltammetry (LSV)
curves, (b) Nyquist plots, and (c) long-term stability tests at 10 mA-cm—.
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Table S5. Comparative analysis of overpotential and charge transfer resistance (R.,) of catalysts
for OER.

Sample Overpotential @ 10 mA-cm R
Bare carbon paper 508 mV 274.1 Q-cm?
Na-MMT 347 mV 1858.6 Q-cm?
MMT:Phen 448 mV 167.3 Q-cm?
MMT:Ni(Phen), 320 mV 13.5 Q-cm?
MMT:Co(Phen), 313 mV 22.1 Q-cm?
MMT:Fe(Phen), 361 mV 1450.4 Q-cm?
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Figure S8. CV curves of catalysts (a) MMT:Ni(Phen),, (b) MMT:Co(Phen),, and (c)
MMT:Fe(Phen),, and (d) the corresponding calculated double-layer capacitance (C,;) values.
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Table S6. Elemental concentrations in MMT composites based on ICP-MS analysis.

Sample Element Concentration (ppm = mg-kg')
Ni 4.75
Na-MMT Co 1.15
Fe 1.53 * 104
MMT:Ni(Phen), Ni 1.6 < 10*
MMT:Co(Phen), Co 1.47 * 10*
MMT:Fe(Phen), Fe 18.3 % 104
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Figure S9. Comparison of 7,9 values for MMT:Co(Phen), and other OER catalysts in IM KOH.

Table S7. Comparative analysis of #;, values for various OER catalysts.

Sample Overpotential @ 10 mA-cm electrolyte Ref.
LDH FeCo-GCE 331 mV 1 M KOH 1
NiFe-Bulk 347 mV 1 M KOH ’
CoFe-LDH/rGO 340 mv 1 M KOH ’
RuO, 387 mV 1 M KOH ’
Pt/C 485 mV 1 M KOH ’
O-NiCoFe-LDH 340 mV 1 M KOH )
Fey10C00.90-MoS; 380 mV 1 M KOH 5
NaCoysFe,0; 330 mV 1 M KOH °
Ni-Fe/Au 331 mV 1 M KOH ’
MMT:Co(Phen), 313 mV 1 M KOH This work
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