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1. Tables 

Table S1 The N and Pd contents of as-prepared catalysts.
Catalysts N contents (wt.%) Pd contents (wt.%)
Pd/NCB 2.17 12.57
Pd/NCNTs 5.69 13.47
Pd/NCB@NCNTs-1 4.91 13.55
Pd/NCB@NCNTs-2
Pd/NCB@NCNTs-3

4.80
4.13

13.74
14.08

Table S2 N analysis of the catalysts by XPS.

aBEs is binding energy.

Table S3 Pd 3d analysis of as-prepared catalysts by XPS.

aBEs is the binding energy.

Table S4 Parameters obtained from CV curves.
Catalysts SECSA

(m2 g-1)
j’f

(mA cm-2)
jf

(mA mg-1)
js

(mA mg-1)
Retention ratio

(%)
Pd/C 21.2 2.43 515.8 3.5 9.6
Pd/NCB 29.8 3.33 992.2 8.1 21.3
Pd/NCNTs
Pd/NCB@NCNTs-1
Pd/NCB@NCNTs-2
Pd/NCB@NCNTs-3

30.3
34.5
40.4
33.4

3.86
4.11
4.65
4.07

1169.2
1412.8
1879.3
1206.4

11.5
22.3
35.3
18.5

28.1
37.3
43.3
32.7

Samples
Pyridinic N

aBEs/eV    AP％

Pyrrolic N
aBEs/eV    AP％

Graphitic N
aBEs/eV    AP％

Pd/NCB
Pd/NCNTs
Pd/NCB@NCNTs-2

398.8     28.8
399.1     29.6
398.8     27.8

399.9     61.2
400.1     60.3
400.0     62.5

401.3     10.0
401.2     10.1
401.5      9.7

Samples
aBEs (eV) Pd(0)

Pd 3d5/2        Pd 3d3/2

aBEs (eV) PdOx

Pd 3d5/2      Pd 3d3/2

Pd/CNTs 
Pd/NCB
Pd/NCNTs
Pd/NCB@NCNTs-2

335.5          340.7
335.6          340.8
335.6          340.8
335.7          340.9

337.6        342.7
337.8        343.0
337.9        343.0
337.9        343.1
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Table S5 Parameters obtained from LSV and CO stripping curves.
Catalysts Tafel slope 

(mV dec-1)
 𝐸 𝑐𝑜

𝑜𝑛𝑠𝑒𝑡

(V vs Hg/HgO)
𝐸 𝑐𝑜
𝑜𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛

(V vs Hg/HgO)
Pd/C 243 -0.124 -0.064
Pd/NCB 176 -0.127 -0.069
Pd/NCNTs
Pd/NCB@NCNTs-1
Pd/NCB@NCNTs-2
Pd/NCB@NCNTs-3

157
142
123
154

-0.140
-0.156
-0.166
-0.146

-0.067
-0.093
-0.106
-0.087

Table S6 Comparison of the electrocatalytic activity of this work with recent reports1-

9. 
Catalysts jf (mA mg-1)a Reference
Pd/NCB@NCNTs-2
Au@Pd/PdOx-35.2
PdSP metallene
PdSm NCs/C
Pd@N,P,S-3DG
Pd/B-N-Ti3C
Pd NPs@Ni SAC
Pd-Te-2
Au@PdAu CNCs/C

1879.3
1290.0
1520.0
1032.7
1784.1
937.2
1093.0
1203.0
863.0

This work
1
2
3
4
5
6
7
8

Pd0.5Cu0.5 414.3 9
aThe electrochemical parameters was acquired in 1.0 M KOH and 1.0 M C2H5OH solution at a 
scan rate of 50 mV s-1.
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2. Figures 

Figure S1 TEM image of Pd/CNTs. 

Figure S2 High-resolution XPS spectrum of Pd 3d for Pd/CNTs (the preparation of Pd/CNTs 

samples of has been synthesized by a similar process to Pd/NCB@NCNTs).
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Figure S3 (A) TEM image and (B) high-resolution XPS spectrum of Pd 3d for Pd/NCB@NCNTs-

2 after 500 cycles CV scans.

The morphology of the Pd/NCB@NCNTs-2 after the stability test was examined 

by TEM and XPS. As displayed in Figure S3A, small amounts of NPs are slightly 

agglomerated possible due to electrochemical Ostwald ripening, indicating the 

Pd/NCB@NCNTs-2 catalyst was not basically damaged after 500 cycles CV test. In 

addition, the Pd contents of Pd/NCB@NCNTs-2 before and after EOR and the 

stability tests were measured by ICP-OES. The results revealed that the Pd was nearly 

no lost. Furthermore, the very slightly changes have taken place in the composition, 

binding energy and chemical state of Pd after 500 cycles CV test (Figure S3B). 

Therefore, Pd would not be dissolved out after EOR test or the stability test and the 

Pd/NCB@NCNTs-2 possesses strong stability. 
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Figure S4 CVs of the prepared-supports (NCB, NCNTs, NCB@NCNTs-1, NCB@NCNTs-2 and 

NCB@NCNTs-3) in N2-saturated 1.0 M KOH electrolyte (A) and N2-saturated 1.0 M KOH and 

1.0 M C2H5OH (B) at a sweep rate of 50 mV s-1. 

The electrocatalytic performance of supports without Pd NCs have been added to 

demonstrate the roles of Pd and supports. Different from the prepared-catalysts, there 

are no obvious anodic oxidation peaks for all the prepared-supports (NCB, NCNTs, 

NCB@NCNTs-1, NCB@NCNTs-2 and NCB@NCNTs-3) as shown in Figure S4, 

indicating the Pd NCs are catalytic active sites and the NCB, NCNTs, NCB@NCNTs-

1, NCB@NCNTs-2 and NCB@NCNTs-3 are carrier materials to stabilize and 

immobilize Pd NCs.
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Figure S5 CVs of NCB@NCNTs-2 from 1st to 1000th cycle in N2-saturated 1.0 M KOH and 1.0 

M C2H5OH (A, B) at a sweep rate of 50 mV s-1. (C) High-resolution XPS spectra of N 1s for 

NCB@NCNTs-2 over 1st, 100th and 1000th. (D) C and N analysis of NCB@NCNTs-2 by CHN 

and XPS over CV cycles.

The electrochemical stability of the NCB@NCNTs-2 was conducted through 

continuous CV cycles in N2-saturated 1.0 M KOH solution containing 1.0 M ethanol 

(Figure S5A-S5B). As shown in Figure S5A-5B, the shape and capacitance of 

NCB@NCNTs-2 have undergone some changes from 1st to 100th cycles, which 

possibly is ascribed to a structural or surface reorganization of NCB@NCNTs-2. The 

shape and capacitance of NCB@NCNTs-2 occur tiny changes 100th to 1000th cycles 

mainly by loss of a small amount volume and collapse, illustrating the 

NCB@NCNTs-2 possesses high electrochemical stability. As reported, the noble 

metal nanoparticles grow mainly by Ostwald ripening mimicking under normal 

operation, while the carbon support is stable. Therefore, the carbon support degrades 

mainly by loss of a small amount volume and collapse, which is in consistence with 

the results of continuous CV cycles. Moreover, the elemental composition and 

chemical state of the NCB@NCNTs-2 over CV cycles was analyzed by elemental 

composition analysis and XPS spectra. As shown in Figure S5C and S5D, the N 
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contents for NCB@NCNTs-2 is slightly reduced from 1st to 100th cycles and almost 

is not change from 100th to 1000th cycles. Furthermore, the types of N almost is not 

change from 100th to 1000th cycles. The above facts indicate that the NCB@NCNTs-

2 possesses high stability during EOR.

Figure S6 FTIR of EOR products for Pd/NCB@NCNTs-2. 

Figure S6 shows the FTIR of EOR products for Pd/NCB@NCNTs-2. The presence of 

peaks at 3290, 1637, 1045 and 2349 cm-1 are assigned to (OHacid), (C=Oacid), (C-Oacid) 

and (CO2), respectively10-12. The distinct FTIR spectra of the EOR products manifests 

that the acetic acid is primary product for Pd/NCB@NCNTs-2.
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