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Fig. S1 - Resonance structures and double bond stabilization produced by a retro-donation effect

Fig. S2 – Measurement of the interplanar distance for the LEEL-037/Pd-C composite
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Fig. S3 – Peaks analysis to determine the Pd and PdO percentage in a) Pd/C and b) LEEL-
037(50)/Pd/C(50) electrocatalysts

Electrochemical surface area calculation

To calculate the ECSA, it is necessary to determine the coulombic charge (Q) corresponding to the 
oxide reduction peak area from the current vs. potential (I vs. E) CV plot. The following images for 
Pd/C (left) and LEEL-037(50)/Pd-C(50) (right) are depicted as an example to show the calculation:



 

Fig. S4 – Coulombic charge determination for Pd/C (left) and LEEL-037(50)/Pd-C(50) (right)

The coulombic charge for Pd/C and LEEL-037(50)/Pd-C(50) electrocatalyst are 107.55 µA*V and 
61.30 µA*V, respectively. The ECSA is defined as follows:

                                   ECSA =                                 (1)

𝑄
𝑄𝑃𝑑𝑂 ∗ 𝑃𝑑𝑚 ∗ 𝜈

where Q is the PdO coulombic charge (µA*V), QPdO is the charge required for the reduction of PdO 
monolayer, which is assumed as 420 µC cm-2 [1,2] Pdm is the Pd loading in “mg”, and ν is the scan 
rate in V s-1 (0.05 V s-1 for this experimentation). The mass percentage (wt.%) of bare Pd/C and LEEL-
037/Pd-C electrodes is described in Table S1.

Table S1. Electrocatalysts composition

Electrocatalyst Vulcan 
Carbon 
XC-72 
(wt.%)

Vulcan 
Carbon 
XC-72 
(mg)

Pd 
(wt.%)

Pd 
(mg)

LEEL-037
(wt.%)

LEEL-037
(mg)

Pd/C 70 7 30 3 0 0
LEEL-037(25)/Pd-C(75) 52.5 5.25 22.5 2.25 25 2.5
LEEL-037(50)/Pd-C(50) 35 3.5 15 1.5 50 5
LEEL-037(75)/Pd-C(25) 15 1.5 7.5 .75 75 7.5

To calculate the Pd loading for Pd/C and LEEL-037(50)/Pd-C(50), we know that we used 3 µL of the 
electrocatalytic ink containing 10 mg of the electrocatalyst in turn, 1250 µL of water, and 250 µL of 
5 wt.% Nafion® solution (density ≈ 1 mg ml-1). The Pd loading (Pdm) was calculated as follows:

For Pd/C electrocatalyst;

Pdm =  * 0.003 ml (ink aliquot) * 0.3 wt.% Pd = 0.006 mg Pd
10 𝑚𝑔 𝑃𝑑/𝐶

1.5 𝑚𝑙 (𝑤𝑎𝑡𝑒𝑟 ‒ 𝑁𝑎𝑓𝑖𝑜𝑛)



For LEEL-037(50)/Pd-C(50) electrocatalyst;

Pdm =  * 0.003 ml (ink aliquot) * 0.15 wt.% Pd = 0.003 mg Pd
10 𝑚𝑔 𝐿𝐸𝐸𝐿 ‒ 037(50)𝑃𝑑/𝐶(50)

1.5 𝑚𝑙 (𝑤𝑎𝑡𝑒𝑟 ‒ 𝑁𝑎𝑓𝑖𝑜𝑛)

Substituting the data in eq.1, the ECSAs for Pd/C and LEEL-037(50)/Pd-C(50) electrocatalyst are 
85.36 m2 gPd

-1 and 97.3 m2 gPd
-1, respectively.

Table S2. Comparison of physicochemical and electrocatalytic properties for Ru and Ir free 
electrocatalysts used to carry out the OER in alkaline medium.

Material Operational 
overpotential 

at 10 mA/ 
cm2 (mV)

Tafel 
slope 
(mV 

dec-1)

Crystal size
(nm)

Electrolyte Reference

LEEL-037(25)/Pd-C(75) 430 173 30.80* KOH 0.5 M This work
LEEL-037 480 104 35.80 KOH 0.5 M This work

Ni-Co@carbon 243 67 --- KOH 1.0 M [3]
Co3O4/NC 325 80 --- KOH 1.0 M [4]

Ni-BDC 360 57 45.03 KOH 1.0 M [5]
Ni0.75Fe0.25BDC 310 43.7 17.11 KOH 0.1 M [6]

Fe@BIF-91 350 71 63.72 KOH 1.0 M [7]
ZIF-67/CoNiAl-LDH/NF 303 88 46.23 KOH 1.0 M [8]

FeNi@CNF 356 62.6 21.89 KOH 1.0 M [9]
β-Ni(OH)2/Cu2S hybrid 

nanosheets
500 89 29.1 KOH 0.1 M [10]

NiTe 388 117 27.98 KOH 1.0 M [11]
Co3O4 394 149.6 14.36 KOH 1.0 M [12]

Fe2P@NPC 510 140 -----
NiFeP@PC 460 131 25.68
Ni2P@NPC 440 110 13

Ni1.5Fe0.5P@NPC 410 87 26.9

KOH 1.0 M [13]

CoP@NG 354 63.8 17.95 KOH 1.0 M [14]
ZnO@NMC 

nanocomposite
570 318 41.75 KOH 0.5 M [15]

*Crystallite size calculated at the main diffraction peak (2θ) for Pd/C (40.3°).

Table S3. Calculated values of the equivalent circuit elements for the samples

Sample Rs (Ω) CPE-T CPE-P Rct (Ω) x2

Pd/C 32.22 3.8X10-4 0.8176 80.13 2.5X10-3

MOF 32.85 1.8X10-4 0.6886 64.20 1.9X10-3

LEEL-037(25)/Pd-C(75) 33.80 9 X10-5 0.7558 36.42 2.6X10-3

LEEL-037(50)/Pd-C(50) 33.70 6.9 X10-4 0.6909 52.02 1.7X10-3

LEEL-037(75)/Pd-C(25) 33.23 2.2 X10-4 0.6968 64.27 2.2X10-3
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