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Figure S1: Visible nanosheets in the HRTEM image of Pd, 43-O,/C0304/NC at 20 nm covering
large physical area

Figure S2: Large area HRTEM image of Pd, 43-O,/Co030,4/NC at 20 nm showing uniform
deposition of Pd-O, over NC filled Co30,4 nanorings



Co0;0, nanorings filled with NC

Figure S3: HAADT-STEM image of Pd, 43-O,/C03;04/NC at 500 nm
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Figure S4: Chronoamperometric measurement of Co;04 and Pd; 43-O/C0304 over 20 hrs.
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Figure S5: Thermogravimetric analysis of Pd; 43-O/C0304/NC

Average crystallite size by using Debye-Sherrer equation

The crystallite size of the crystalline materials was estimated from X-ray diffraction patterns using

the Debye-Scherrer equation.!
D=KA/PB cosb

The Scherrer constant (K) was taken as 0.89, and the wavelength (A) of the X-ray was determined
by the X-ray source, which was Cu Ka radiation with a wavelength of 1.5406 A. The FWHM (B)
in radians was measured by determining the diffraction peak width at half of its maximum
intensity, and the Bragg angle (0) was obtained from the XRD pattern by locating the position of

the diffraction peak.



Table S1: Crystallite size calculations of the synthesized materials

S.No Materials Xc FWHM (B) (degree) | D (nm) | Avg. Size (nm)
1 Co0304 18.9738 0.23126 36.39
31.2606 0.27476 31.37
36.8364 0.3183 27.49
44.7430 0.34286 26.18 27.318
59.3634 0.4484 21.31
65.2508 0.46562 21.17
2 Co0304/NC 18.9460 0.20901 40.26
31.2232 0.26118 33.00
36.8008 0.29217 29.94
44.7687 0.34176 26.27 29.21
59.3226 0.41889 22.81
65.2064 0.42878 22.98
3 Pd; 43/C0304 12.6685 0.78689 10.61
18.8872 0.26547 31.70
31.187 0.29723 28.99
36.7707 0.34061 25.68




39.6589 1.66343 5.30
44.7528 0.38623 23.24 20.48
59.3185 0.50314 18.99
65.1937 0.50852 19.38
4 Pd; 43/C03;04/NC | 12.5430 0.91786 9.10
18.9071 0.2151 39.12
31.1862 0.24175 35.65
36.7597 0.28011 31.23
39.4957 1.90671 4.63 23.71
44.7293 0.37689 23.82
59.3001 0.43069 22.18
65.1767 0.40339 24.43

Determination of electron number
For the determination of electron number, Koutechy-Levich plots were drawn at different

potentials from which electron number was calculated according to the formula given below.?
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ECSA measurement

Electrochemical active surface area was calculated from palladium oxide layer reduction curve at

potential limit of 1.4 Vyyg according to the following formula.3

Ecsa =2
q

Q0 = Charge contaimed in the CV curve

qo = standard value for Pd — based catalysts
Determination of Electrochemical Surface Area (ECSA) from Pd—O Reduction

The ECSA of the synthesized catalysts was determined from cyclic voltammetry (CV)
measurements recorded in Ar-saturated 0.1 M HCIO, solution at a scan rate of 50 mV s'!. The

characteristic Pd—O reduction peak appearing during the cathodic sweep was used to quantify the

ECSA of palladium.
To ensure accuracy and reproducibility, the ECSA was calculated using the following procedure:
1. Baseline Determination

The capacitive background current was first established by identifying the potential regions
immediately before the onset and after the completion of the Pd—O reduction process.
These regions correspond to potentials where no faradaic reactions occur, and the current

is primarily capacitive. A linear baseline was drawn by connecting the average current



values of these two regions, representing the non-faradaic contribution beneath the Pd—-O

reduction peak.
2. Integration of the Pd—O Reduction Peak

The area enclosed between the experimental CV curve and the constructed baseline was
numerically integrated to obtain the total reduction charge (Q, in mC) associated with Pd—O

to Pd° conversion
Normalization and Conversion

The integrated charge was converted to the ECSA, in cm?py, using the standard conversion

2
factor of 0.420 mC “™pa, which corresponds to the charge required for monolayer reduction

of Pd-O on polycrystalline Pd surfaces.? The obtained value was then normalized by the
2 -1
Pd loading (in mg) deposited on the glassy carbon electrode to yield ECSA (‘™ ™9 pd),

2 -1
The obtained value was then converted to (™ 9 rd).
3. Reproducibility Verification

Each measurement was repeated at least three times under identical conditions. The
calculated ECSA values showed less than £5 % variation, confirming the reproducibility

of the method and stability of the electrode.

2 -1
The high ECSA of Pd, 43-0,/C0304/NC ~ 13.6 ™ 9rd can be attributed to the ultrafine dispersion
of Pd nanoparticles, the presence of interstitially modified interfaces, and the porous nanostructure
of the Co;04/NC framework, which maximizes accessibility of active Pd sites and enhances charge

transport.
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