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Table S1. The calculated results from CVs in absence of SOFs.

CO stripping and EIS studies for PdNS and PdNS-SNFM 

The linear sweep voltammograms (LSVs) for PdNS and PdNS-SNFM were provided at -0.3 to 

0.1 V and 0.05 V.s-1 (Fig.S1 A) as CO stripping. The current for CO stripping peak on PdNS-

SNFM (= 47.65 mA.mg-1
Pd) was more than PdNS (= 33.23 mA.mg-1

Pd). In addition to, the CO 

peak potential for PdNS (= -0.10 V) was shifted to negative values for PdNS-SNFM (= -0.11 V). 

GCE/PdNS GCE/PdNS-SNFMSolution Electrode
1th cycle 80th cycle 1th cycle 80th cycle

QH
a (mC.cm-2) 4.00 2.67 104.18 103.28

EASH
b (m2.g-1) 3.07 2.05 82.18 79.32

DPd
c × 10-4 22.02 14.71 590.12 569.59

% lossADTH
d 33.22 1.26

Qpd (mC.cm-2) 7.05 4.01 127.39 122.36
EASPd

e (m2.g-1) 3.19 2.88 101.46 79.32

1 
M

 N
aO

H

% lossADTPd
f 9.72 3.94

a.   {electrochemically desorption (Q'H) and adsorption (Q"H) of H2 molecules on the Pd 
𝑄𝐻 =

𝑄 '
𝐻 + 𝑄 "

𝐻

2
sites}

b.   {k = 0.420 mC.cm-2 and lPd = 0.310mg.cm-2}
𝐸𝐴𝑆𝐻 =

𝑄𝐻

𝑘 × 𝑙𝑃𝑑

c.   {MPd = 106.42 g.mol-1, NA = 6.02 × 1023 mol-1 and rPd = 0.14 × 10-9 m}

𝐷𝑃𝑑 =
𝐸𝐴𝑆𝐻

1
𝑀𝑃𝑑

× (𝑁𝐴 × 4𝜋 × 𝑟 2
𝑃𝑑)

d. 
%𝑙𝑜𝑠𝑠𝐴𝐷𝑇𝐻

=  
(𝐸𝐴𝑆𝐻1𝑡ℎ𝑐𝑦𝑐𝑙𝑒

‒ 𝐸𝐴𝑆𝐻150𝑡ℎ𝑐𝑦𝑐𝑙𝑒
)

𝐸𝐴𝑆𝐻1𝑡ℎ𝑐𝑦𝑐𝑙𝑒

 × 100

e.   {s = 0.405 mC.cm-2 and lPd = 0.310 mg.cm-2}
 𝐸𝐴𝑆𝑃𝑑 =  

𝑄𝑃𝑑

𝑠 × 𝑙𝑃𝑑

f. 
%𝑙𝑜𝑠𝑠𝐴𝐷𝑇𝑃𝑑

=  
(𝐸𝐴𝑆𝑃𝑑1𝑡ℎ𝑐𝑦𝑐𝑙𝑒

‒ 𝐸𝐴𝑆𝑃𝑑150𝑡ℎ𝑐𝑦𝑐𝑙𝑒
)

𝐸𝐴𝑆𝑃𝑑1𝑡ℎ𝑐𝑦𝑐𝑙𝑒

 × 100
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The QCO ads were 29.07 and 20.19 mC.cm-2 for PdNS-SNFM and PdNS, respectively. They can 

because of the CO removal on the Pd surface over the larger surface area. The roughness factor 

(rf) and the mass-specific surface area (A) were calculated from LSVs using [S1]. rf and A was 

calculated for PdNS and PdNS-SNFM, (48.92 and 155.12) (69.21 and 223.27 m2.g-1). A 

comparison proved that the SNFM existence in the role of support increases the surface area of 

PdNS. 

Fig. S1 B illustrates the Nyquist curves of GCE/PdNS and GCE/PdNS-SNFM electrodes. The 

Nyquist curves detect a charge transfer process on the GCE/PdNS and GCE/PdNS-SNFM 

electrodes. The obtained data exhibited the resistances of charge transfer (Rct) on GCE/PdNS, and 

GCE/PdNS-SNFM electrodes were 60.22 and 16.24 Ω, respectively. On the other hands, Rct for 

PdNS is decreased in the presence of SNFM. The exchange current (I0) for the electrodes were 

calculated by [S2]:

                                                                                                                                 (1)
𝐼0 =

𝑅 × 𝑇
𝑛 × 𝐹 × 𝑅𝐶𝑇

The parameters are R gas constant, T absolute temperature, n the exchanged electrons number and 

F Faraday constant The I0 on GCE/PdNS and GCE/PdNS-SNFM was about 0.426 and 1.580 mA, 

correspondingly. It can be due to the higher rate of charge transfer.
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Fig. S1 (A) CO stripping of in NaOH 1 M, and (B) Nyquist plots for ( ) GCE/PdNS and (

) GCE/PdNS-SNFM electrodes in the solution of 0.005 M [Fe(CN)6]3-/4-prepared in 0.1 M 

KCl over a frequency region of 1 ×10-1 to 1 ×105 Hz at 0.30 V.

Table S2. The calculated results from CAs on GC/PdNS-SNFM.

The data of this work are comparable to other presented catalysts in article for electrooxidation 

reaction of different organic compounds as shown in Table S3 [S3-S9]. Up to Table S3, the If in 

SOF5 oxidation was much higher and peak potential (Ef) SOF4 oxidation is lower than other fuels. 

Furthermore, the onset potential (Eonset) SOF4 and SOF5 oxidation were more negative than the 
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other fuels. In order to determine 

electrocatalyst tolerance to 

accumulate carbonaceous 

intermediate, the ratio of If /Ib was calculated.

I(t = 0 s)

(mA.mg-1
Pd)

J(t = 300 s)

(mA.cm-2)

0.80 M SOF1 257.72 9.87

0.55 M SOF2 1070.04 33.11

0.55 M SOF3 535.13 12.12

0.34 M SOF4 489.35 2.23

0.43 M SOF5 1887.50 51.89

0.85 M SOF6 210.72 2.67
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Table S3. The electrochemical parameter as estimated from CV curves for electrooxidation reaction of SOF on PdNS-PdNS and 

another catalyst.

Electrocatalyst Fuels
Concentration

(M)

Potential Range

(V)

Reference 

Electrode

Eonset

(V)

Ef

(V)
If

Eb

(V)
Ib If / Ib Ref.

Pd/RGO SOF1 1 -0.8 to +0.4 Ag/AgCl -0.34 -0.19 388 mA.mg-1 -0.34 138.57 mA.cm-2 2.8 [S3]

SOF1 0.20 -1 to +0.7 Hg/HgO -0.76 -0.09 97.48 mA.cm-2 -0.38 12.53 mA.cm-2 7.78Pd-PNMSS

SOF2 20 -1 to +0.7 Hg/HgO -0.85 -0.09 157.90 mA.cm-2 -0.38 40.19 mA.cm-2 3.93

[S2]

Pd-Ag-NS SOF2 1 -0.7 to +0.2 Hg/HgO -0.72 -0.20 2.34 mA.cm-2 -0.28 1.02 mA.cm-2 2.28 [S4]

Pd1Au1NSFsa SOF3 0.50 -0.8 to +0.4 SCE - -0.08 355 mA.mg-1 - - - [S5]

Pt@Pd NCs SOF3 0.50 -0.8 to +0.4 SCE 0.026 -1.4 58.4 mA.cm-2 - - - [S6]

Fe/FeZSM-5CPE SOF5 0.13 0 to +1 SCE - 0.52 19.08 mA.cm-2 0.25 - - [S7]
SOF5 1 0 to +1 Ag/AgCl 0.15 0.72 301 mA.mg-1 - 485.48 mA.cm-2 0.62Pt/CNxb

SOF6 1 0 to +1.1 Ag/AgCl 0.00 0.73 493 mA.mg-1 - - 1.15

[S8]

Pd10Bi1/C SOF6 0.50 -0.2 to +1 Ag/AgCl 0.08 0.00 9.20 mA.cm-2 - - - [S9]

SOF1 0.80 -0.97 -0.05 308.45 mA.mg-1 -0.35 43.91 mA.mg-1 7.02
SOF2 0.55 -0.94 -0.10 520.4 mA.mg-1 -0.33 228.68 mA.mg-1 2.28
SOF3 0.55 -0.98 +0.05 469.85 mA.mg-1 -0.29 123.27 mA.mg-1 3.81
SOF4 0.34 -0.98 -0.11 386.21 mA.mg-1 -0.35 221.10 mA.mg-1 1.75
SOF5 0.43

-1 to +0.7 Hg/HgO

-1 +0.50 1130.29 mA.mg-1 -0.11 859.00 mA.mg-1 1.31

PdNS-PdNS

SOF6 0.85 -0.3 to +1 Ag/AgCl -0.23 +0.80 377.78 mA.mg-1 -0.40 248.32 mA.mg-1 1.52

In this work

a. PdAu nanosnowflakes.
b. Platinum-carbon nitride
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Calculation of electrochemical factors for SOFs oxidation on PdNS-SNFM surface

The SOFs electrooxidation on GCE/PdNS-SNFM electrode was a consideration under the 

difference conditions; whereas the electrochemical data as valued from CVs curves were reported 

as Table S4. In the test of SOF concentration (Fig. S2 A-F), with increasing SOF1-SOF6 

concentration to 0.95, 1.37, 0.42, 0.59, 0.43 and 0.35 M, respectively, the current was increased. 

Nevertheless, any significant increase doesn’t observe in SOF concentrations higher than mention 

concentration for every SOF. This is owing to the occupancy of active sites on the electrode 

surface. The logarithm I versus logarithm [SOF] is designed to calculate the order of reaction 

[S10]. The order of reaction gotten from the slope of the line for forward and backward scanning 

in SOF1-SOF6 oxidation (Inset Fig. S2 A-F) was recorded in Table S4. Base on Table S4, reaction 

order for the anodic sweep in SOF2 was more than other fuels and after that were SOF4, SOF3, 

SOF1, SOF6, and SOF5 respectively and in the anodic sweep, SOF5 was higher and after that 

were SOF1, SOF4, SOF3, SOF2, and SOF6 respectively. Consequently, measure SOF2 oxidation 

and intermediate of SOF5 oxidation was higher than other fuels.  

The temperature effect on the forward and backward currents in different temperatures between 

20 and 60 ˚C was showed in Fig. S3 A-F. The forward and backward currents were enlarged with 

the increasing temperature. The relevance between Arrhenius and appropriate linear fit ln I vs. T-1 

delivered the activation energy (Ea) for anodic and cathodic sweeps [S11]. The plots of ln I vs. T-

1 are shown in Inset Fig. S3 A-F. The values of Ea for SOF1-SOF6 electrooxidation at the anodic 

and cathodic sweep were calculated and recorded in Table S4. As it is clear, the Ea reduction order 

is as follows in the cathodic scan: SOF2>SOF1>SOF5>SOF4>SOF3>SOF6 and in the anodic 

scan: SOF3>SOF4>SOF2>SOF1>SOF5>SOF6. Thus, the oxidation of SOF6 and oxidation 

intermediates produced in SOF6 oxidation was faster than other fuels. As well, with accelerating 
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in the scanning, current was improved at forward and backward scanning (Fig. S4 A-F). By slop 

of the plots the If versus the square root of the sweep rate (ν1/2) and the Ep versus ln (ν) (See Inset 

Fig. S4 A-F), electron transfer (α), and diffusion (D) coefficients were calculated according to [S3] 

and reported in Table S4. Electron transfer in SOF3 with α =0.99 and diffusion in SOF1 was more 

than in comparing with other SOF. The linear correlation among Ep and ln (ν) and If and ν1/2 proved 

the SOF1-SOF6 oxidation is the irreversible charge transfer phenomenon, and the transport of SOF 

molecules from bulk solution to the electrode surface is as the rate determining step for total 

reaction, respectively.
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Fig. S2. CVs of SOF1-SOF6 oxidation (A-F) in various concentration (Inset: The plot of log If in 

(●) anodic and (○) cathodic sweep vs. log C) on GCE/PdNS-SNFM electrode in 1 M NaOH for 

SOF1-SOF5 and 0.1 M H2SO4 for SOF6 at 0.05 V.s-1 sweep rate.
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Fig. S3. CVs of SOF1-SOF6 electrooxidation (A-F) at various temperatures. (Inset: plot of ln If 

in (●) anodic and (○) cathodic sweep vs. T−1 on GCE/PdNS-SNFM electrode in 1 M NaOH for 

SOF1-SOF5 and 0.1 M H2SO4 for SOF6.
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Fig. S4. CVs of SOF1-SOF6 electrooxidation (A-F) at various sweep rate (Inset: The plots of Ef 

vs. ln υ and If vs. ν1/2) on the GCE/PdNS-SNFM electrode in 1 M NaOH for SOF1-SOF5 and 0.1 

M H2SO4 for SOF6.
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Table S4. The investigation results effect of analyte concentration, temperature and scan rate on GCE/PdNS-SNFM electrode in liquid 
fuels electroxidation.

Reaction Ordera Ea
b(kJ.mol-1)Fuel

Forward 
sweep

Backward 
sweep

Forward 
sweep

Backward
 sweep

δEf / δlnυ δJf / δυ1/2 αc C
(mol/cm3)

n* Dd*

(cm2/s)

SOF1 0.74 (R2 = 0.987) 1.63 (R2 = 0.991) 26.83 (s+ = -3227.1 & R2 = 0.959) 29.87 (s = -5622.8 & R2 = 0.959) 0.03 (R2 = 0.974) 6.76 (R2 = 0.981) 0.86 800 6 4.23×10-2

SOF2 1.09 (R2 = 0.992) 0.73 (R2 = 0.966) 34.91 (s = -4199.6 & R2 = 0.990) 32.96 (s = -3964.9 & R2 = 0.991) 0.02 (R2 = 0.962) 0.03 (R2 = 0.987) 0.90 550 12 2.10×10-2

SOF3 0.79 (R2 = 0.992) 0.86 (R2 = 0.970) 12.74 (s = -1533.2 & R2 = 0.977) 44.57 (s = -5361.1 & R2 = 0.978) 8.29 (R2 = 0.970) 42.37 (R2 = 0.934) 0.99 550 10 6.60×10-8

SOF4 0.83 (R2 = 0.973) 1.03 (R2 = 0.961) 14.16 (s = -1703.3 & R2 = 0.961) 35.54 (s = -4275.1 & R2 = 0.982) 0.01 (R2 = 0.927) 13.44 (R2 = 0.975) 0.86 340 18 3.43×10-9

SOF5 0.53 (R2 = 0.996) 2.96 (R2 = 0.959) 18.95 (s = -2280.1 & R2 = 0.956) 19.18 (s = -2307.0 & R2 = 0.950) 0.21 (R2 = 0.988) 77.34 (R2 = 0.963) 0.97 430 4 4.59×10-5

SOF6 0.63 (R2 = 0.963) 0.45 (R2 = 0.931) 8.45 (s = -1017.1 & R2 = 0.969) 3.67 (s = -441.9 & R2 = 0.956) 0.20 (R2 = 0.984) 27.55 (R2 = 0.988) 0.94 850 2 1.53×10-6

a. log I = n log C + B {n= reaction order, C = concentration and B = interception}

b.  {Ea = activation energy and R = gas constant}

𝐸𝑎 =‒ (
𝛿𝑙𝑛𝐼𝑝

𝛿(1
𝑇)

× 𝑅)

c.  {α = electron transfer coefficient, υ = scan rate, R = gas constant, T = 293 K, F = Faraday constant and n = electrons number transferred during oxidation of one mol analyte}

𝛼 = 1 ‒
𝑅 × 𝑇

𝛿𝐸𝑝

𝛿(𝑙𝑛𝜐)
× 𝑛 × 𝐹

d.  {D = diffusion coefficient and C = concentration}
𝐷 =

( 𝛿𝐽𝑃

𝛿𝜐
1

2
)2 × 𝑅 × 𝑇

2.46 × 10 ‒ 7 × (𝑛 × 𝐹)3 × 𝛼 × 𝐶2

* If the oxidation reaction be complete (to produce CO2), and not partial oxidation.
# R-squared in linear fitting
+ Slop of fitted line
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