
Supplementary Information

Efficient Oxygen Reduction on Sandwich-like Metal@N-C composites 

with Ultrafine Fe Nanoparticles Embedded in N-doped Carbon 

Nanotubes Grafted on Graphene Sheets

Xiao Han,a Zhiping Zheng,a Jiayu Chen,a Yakun Xue,a Huiqi Li,a Jun Zheng,c 

Zhaoxiong Xie,a,b Qin Kuang,a,* and Lansun Zhenga

a.State Key Laboratory of Physical Chemistry of Solid Surfaces & Department of 

Chemistry, College of Chemistry and Chemical Engineering, Xiamen University, 

Xiamen 361005 (P. R. China). E-mail: qkuang@xmu.edu.cn; Fax: (+) 86-592-

2183047.

b.Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, 

Xiamen 361005, China.

c.Institute of Physical Science and Information Technology, Anhui University, Hefei 

230601, P. R. China

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2019



Fig. S1 (a) XRD pattern and (b) EDX spectrum of Fe@ZIF-8@GO precursor.

Fig. S2 (a) XRD patterns of Fe@N-CNTs@rGO before and after acid treatment, (b) SEM image of 

Fe@N-CNTs@rGO before acid treatment.

Fig. S3 Raman spectra of Fe@N-CNTs@rGO composites.



Fig. S4 High-resolution XPS spectra of (a) C 1s, (b) N 1s and (c) Fe 2p for Fe@N-CNTs@rGO 

composites.

Fig. S5 (a) XRD patterns of Fe@ZIF-8, and ZIF-8@GO precursors, SEM images of the (b) 

Fe@ZIF-8 and (c) ZIF-8@GO precursors.

Fig. S6 SEM images of the (a) Fe@N-CNTs and (b) N-C@rGO without acid treatment, XRD 

patterns of Fe@N-CNTs and N-C@rGO (c) before and (d) after acid treatment.



Fig. S7 High-resolution XPS spectra of (a) C 1s, (b) N 1s and (c) Fe 2p for Fe@N-CNTs composites, 

High-resolution XPS spectra of (d) C 1s and (e) N 1s for N-C@rGO composites.

Fig. S8 Ar adsorption and desorption isotherms of Fe@N-CNTs@rGO composite. 



Fig. S9 i-t chronoamperometric response at 0.7 V (RHE) in O2-saturated 0.1M KOH 

solution at a rotation rate of 1600 rpm.



Table S1 The relative atomic percentage contents of all the catalysts determined by using XPS.

catalysts C (atomic %) N (atomic %) O (atomic %) Fe (atomic %) Zn (atomic %)

Fe@N-

CNTs@rGO

87.13 5.63 6.65 0.51 0.08

Fe@N-CNTs 83.92 6.06 9.36 0.59 0.07

N-C@rGO 86.58 7.68 5.03 -- 0.71

Table S2 Fitting results for N1s of all the catalysts

catalysts graphitic-N (%) Fe-N bond (%) pyrrolic-N (%) pyridinic-N (%)

Fe@N-NTs@rGO 44.6 18.8 16.3 20.4

Fe@N-CNTs 43.8 17.5 17.0 21.6

N-C@rGO 40.0 -- 18.5 41.5


