Electronic Supplementary Material (ESI) for Materials Chemistry Frontiers.
This journal is © the Partner Organisations 2022

Supplementary Material
Single Atom Fe-Based Catalyst Derived from the Hierarchical (Fe,N)-ZIF-
8/CNFs for High-Efficient ORR Activity
Wenfang Miao® Feirong Huang®, Xiaochen Shen®, Shaopeng Li¢, Xingru Cao®, Xuefeng Zhang®
JJieyi Yub™ and Xinglong Dong®*
“Key Laboratory of Materials Modification by Laser, lon and Electron Beams (Ministry of
Education), School of Materials Science and Engineering, Dalian University of Technology,
Dalian 116024, China.
blnstitute of Advanced Magnetic Materials, College of Materials and Environmental Engineering,
Hangzhou Dianzi University, Hangzhou 110819, China.

*Corresponding authors.

E-mail addresses: yujieyi@hdu.edu.cn, dongxl@dlut.edu.cn



(21) 250

7200

STP

D150

cm/

=100

Volume
o
(-3

(d) 0.45

0.40
0.35
5030
Soas
;'?_'ozo
D015
0.10
0.05
0.00

Intensity (a.u.)

222

Fe-phen@ZIF-8/PANFs

—— ZIF-8/PANFs

10

15 20

25

30 35 40 45

2 Theta (Degree)

50

Fig. S1. XRD patterns of ZIF-8/PANFs and Fe-Phen@ZIF-8/PANFs.
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Fig. S2. (a-c) N, adsorption-desorption isotherms, and (d-f) the corresponding pore
size distribution of the Fe-Nx-CNFs, the Nx-CNFs and the CNFs.
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Fig. S3. EIS (Nyquist plots) of commercial Pt/C, Fe-Nx-CNFs, Nx-CNFs and CNFs

samples.
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Fig. S4. Voltammograms of (a) commercial Pt/C; (b) CNFs; (c)Nx-CNFs at various
speeds at a scan rate of 10 mV s™!; and (d-f) are the corresponding K-L plots at
different potentials.



Fig. S5. The kinetic current densities (Ji) at 0.8 V and £, of the commercial Pt/C and
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Fig. S6. The CV curves at different scan rates (20-80 mV s!), in N,-Saturated 0.1M
KOH and corresponding Cgy of the samples.



200
150 -

3 M CH,OH
100

50 -

0 -
=50

-100 -

Commerical Pt/C
Fe-Nx-CNFs

Normalized current (%)

-150 -
-200

0 500 1000 1500 2000 2500 3000
Time (s)
Fig. S7. Methanol resistance test of the Fe-Nx-CNFs and the commercial Pt/C.
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Fig. S8. (a) ORR polarization curves of the Fe-Nx-CNFs and the commercial Pt/C in
oxygen saturated 0.1 M HCIOy at a rotating rate of 1600 rpm. LSV curves of (b) Fe-
Nx-CNFs and (c) commercial Pt/C at different rotating rates in oxygen saturated 0.1
M HClOgand the corresponding K-L plotsand the calculated electron transfer (inset).

Fig. S9. ORR mechanisms over (a) FeNy; (b) FeN,; and (c)FeNj active site. The
central atom is Fe; brown, silver, red and white balls represent the C, N, O and H



atom, respectively.
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Fig. S10. The adsorption energy of FeN 4.
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Fig. S11. Free-energy diagrams for ORR pathways in an alkaline medium on FeN, at
U=0V and U=0.57 V.

Table S1. Content of C, N and Fe measured by XPS analysis.

Element Content (wt %)
C 92.89
N 5.14
Fe 1.96




Table S2. Comparison of ORR electrochemical performance of Fe-Nx-CNFs with
recently reported Fe-based ORR electrocatalysts in basic electrolyte (0.1 M KOH)

Catalysts Diffusion limited Half-wave potential References
current density (mA (V vs. RHE)/Pt-C
cm?)/Pt-C
Fe-Nx-CNFs 6.08/5.31 0.875/0.822 This work
Fe-Nx/HPC 5.0/5.0 0.88/0.84 [1]
Fe@N-doped
~6.34/~5.82 0.85/0.85 [2]
graphene
Fe—N—-C-900-control ~5.64/~5.3 0.905/0.872 [3]
Ni-N4/GHSs/Fe-Ny4 6.0/5.79 0.83/0.86 [4]
Fe/Ni-N-C 5.76/5.13 0.861/0.83 [5]
Fe/Mn-Nx-C 5.7/53 0.88/0.85 [6]
Fe-ISAs/CN ~6.2/~6.3 0.90/~0.85 [7]
SA-Fe-HPC 5.4/5.0 0.89/0.84 [8]
Fe/OES 0.85/0.85 [9]
Ce/Fe-NCNW ~5.64/~5.68 0.915/0.866 [10]
M-Fe-NCNS ~4.3/~4.1 0.88/0.82 [11]
Fe SAs-N/C-20 ~6.16/~5.33 0.909/0.85 [12]
S,N-Fe/N/C-CNT 6.68/~5.6 0.85/0.82 [13]
Fe SAs/N-C 5.75/5.56 0.91/0.842 [14]
Fe-SAs/NPS-HC 5.95/6.1 0.912/0.84 [15]
Fe-SAs/NSC 6/5.41 0.87/0.86 [16]
AC@f-FeCoNC900 ~5.75/~5.5 0.89/0.84 [17]
Fe-N-CNTs-12 6.18/5.726 0.89/0.841 [18]
UNT Co SAs/N-C ~5.1/~4.7 ~0.89/~0.88 [19]
20 mV
Fe@N-C-12 ~5.9/~6.3 . [20]
positive than Pt/C
Fe-NCCs ~6.3/~6 0.82/0.84 [21]
Fe—-N-C/rGO ~5.9/~6.1 0.81/0.82 [22]
Fe-ISAs@CN 0.854/0.842 [23]
Fel-N-CNFs ~4.8/4.5 0.84/0.79 [24]
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