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Text S1. The detailed explanation of the binomial model for the 77 K *'Fe Mé&ssbauer spectra
fitment.
The assumption is that the hyperfine magnetic field (Hys) at octahedral-site (B-site) Fe nuclei is
a function of the occupation of the six nearest tetrahedral-site (A-site) Fe'"' and non-iron ions. Then
the intensity ratio of the different B-site peaks can be calculated since it is proportional to the ratio of
the probabilities of the different surroundings. So we have:
P(k) = ZZ—O(:)Xk(l — x)67k )

Where P(K) is the relative intensity of the B peak with k Fe'"" ions in the nearest-neighbor A sites

and x is the concentration of in Fe™" ions in A sites. The plots of binomial distribution for B-site Fe

are shown in Figure S14. At the same time, the Hy at A-site Fe nuclei is a function of the occupation

of the nearest twelve B-site Fe"" and the other ions, so we have:

P(k) = Zk=o(1’<2)xk(1 — x)lz-k @

The plots of binomial distribution for A-site Fe'

are shown in Figure S15. The binomial
distribution could well keep its shape when a fraction of ions is magnetic, and another fraction is not.
In the present case, all ions are magnetic; although the Fe-Fe interactions are strongest, the weaker
Fe-Co and Fe-Mn and the weakest Co-Mn interaction also play a role. These non-uniformity
interactions may induce the deformation into the shape of P(Hp) compared to the binomial
distribution. However, for Mng sFe; sCo; .04 nano-dices, which contain a large percentage of Fe, the
P(Hy) is likely to be determined mainly by Fe-Fe interactions. Therefore, the fitted Hy; distribution of
the A-site and B-site Fe in MngsFe; sCo;,04 nano-dices follows the binomial distribution very well

(Figure S16), indicating the approximate suitability of binomial model for analyzing the cation

distribution in the samples.
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Figure S1. Schematic illustration of the “copolymer-co-morphology” conception for preparation of

MyFe;,-Co PBAs with controlled morphology.



6pm § Electron Image 1 0 05

Figure S2. EDS element data of Mng 2Feps-Co PBA
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Figure S3. EDS element data of Mng 4Feps-Co PBA
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Figure S4. EDS element data of Mng gFep4-Co PBA
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Figure S5. EDS element data of Mng gFep2-Co PBA
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Figure S6. TG analysis of Fe-Co and Mn-Co PBA:s.
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Figure S7. EDS element data of Mng sFe; 5C0120..
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Figure S8. EDS element data of Mng gFe; 2C01,0..
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Figure S9. EDS element data of Mny gFeo sC0120..
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Figure S10. EDS element data of Mn; 4Fe(4C0120,.
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Figure S11. EDX mappings of porous Mn; 4Feg 4C01,0,.



— 100nm 7800F 2 100nm 7800F
x60,000 3.0kV LED SEM WD 8.0mm 9:2 x50,000 3.0kV SEM WD 8.0

Figure S12. FESEM images of one broken particle of MnggFe; 2C0; 204 nano-dices.
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Figure S13. Nitrogen adsorption-desorption isotherms and pore size distribution (inset) of (A)

Relative Pressure (P/ Pu)

Relative Pressure (P/P)

Mno sFe1 5C01.204; (B) MnggFe; 2C01204; (C) Mny gFeg sC01204; (D) Mny 4Fep 4C01 204.
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Figure S14. Plots of binomial distribution for B-site Fe™". The black, red, blue, and magenta are the

binomial distribution of the B-site Fe'" in Mng3Fe;5C01204, MnggFe12C01204, MnqoFegsC01204,

and Mny 4Fe 4C01.,04, respectively.
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Figure S15. Plots of binomial distribution for A-site Fe'". The black, red, blue, and magenta are the
binomial distribution of the A-site Fe'' in MngsFe;5C01204 MnggFe12C01204, MnygFeqsCo1204,

and Mny 4Fe 4C01.,04, respectively.
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Figure S16. Magnetic field distribution of the fitted sub-spectra for Mng sFe; 5C0; .04 nano-dices.
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Figure S17. The high resolution XPS spectra of Fe 2p3;, on MnyFe; 5.xC01.204 surface.
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Figure S18. CV curves of MnyFe; 5.C01 204 nano-dices. Electrolyte: O,-saturated 0.1 M NaOH

solution.

16



Mn, Fe, Co, 0, .. Lattice O O1ls
Adsorbed O // !

Intensity (a.u.)

536 534 532 530 528 526
Binding Energy (eV)

Figure S19. The high resolution XPS spectra of O 1s on MnyFe; g xC0;,0, surface.
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Fig. S20. Structure-function correlations between the OER activities and the relative contents of

A-site or B-site M ions of MnyFe; 5.xC01 204 nano-dices.
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Fig. S21. The structure-function correlations between the ORR and OER activities and the relative

content of B-site Mn""/Mn"Y of MnyFe; 5.4C0; 204 nano-dices.
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Fig. S22. ORR polarization curves of Mn,Fe; g.,.C01,04 nano-dices. The scan rate is 10 mV s, and

the rotation rate is 1600 rpm. Electrolyte: O,-saturated 0.1 M NaOH solution.
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Fig. S23. OER polarization curves of Mn,Fe; 5.xC0; 204 nano-dices. The scan rate is 10 mV s, and

the rotation rate is 1600 rpm. Electrolyte: N-saturated 0.1 M NaOH solution.
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Figure S24. CV curves of Mn1,0F90,8C01,204,

Mn; gC0,,0, and Fe;gCo;,04. Electrolyte:

N,-saturated 0.1 M NaOH solution.
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Table S1. The chemical compositions of MnyFe;.,-Co PBAs analyzed by EDS.

Element Mng sFe; 5C0; 2,04 Mng sFe;12C0;1 2,04 Mn; oFeo5C012,04 Mn; 4F€04C01,04
C 44.54 44.24 40.84 43.68
N 41.99 41.94 47.57 43.57
o) 8.24 8.65 6.32 5.60
Mn 0.42 0.87 1.49 3.08
Fe 2.63 2.09 1.52 1.04

Co 2.13 2.16 2.11 2.94
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Table S2. The chemical compositions of MnyFe; g«C01.,04 Nnano-dices analyzed by EDS.

Element Mng.Feqs-Co PBA Mng.4Feqs-Co PBA MngsFeqs-Co PBA Mng.sFeq2-Co PBA
o) 69.20 72.48 70.63 72.83
Mn 3.23 5.18 9.56 12.57
Fe 15.29 11.23 8.09 3.63
Co 12.27 11.11 11.72 10.98
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Table S3. The M&shauer parameters obtained from 77 K M&sbauer measurements.

) IS Hi Estimated
Sample Site ) % o
(mms™) ) Distribution
A 032  425,45.7,48.1,48.9,50.2,50.6,52.8  29.9 (Feo.4sC0g.55)"
Mng sFe; 5C01204 B
B 0.49 43.6, 45.6, 48.1, 50.5, 52.5, 54.1 70.1 [Fey04Mng3:C0g 5]
A 0.36 39.8,42.1,44.4,46.2, 48.0,49.6,51.3 45.6 (Feo,56(300_44)A
Mng sFe;1,C01,0,4 B
B 0.51 39.9, 43.9, 46.6, 49.3, 51.6, 53.6 54.4  [FegesMngs56C00.77]
A 0.42 37.4,40.3,43.2,45.5,47.4,49.0,50.5 60.8 (Fe0,50C00_50)A
Mn; oFeogC01,04 B
B 0.53 30.3, 35.3, 38.9, 41.9, 45.4,51.5 39.2 [Feg33Mng98C0g 70]
A 0.40 29.0, 32.8, 36.1, 40.1, 42.6,45.2,47.6  53.9 (F60,22C00_78)A
Mn1,4Fe0,4Col,2O4 B
B 0.52 18.8, 38.6, 41.6 44.8, 47.2, 49.6 46.1 [FeollgMn1.39COo_43]

Experimental errors are +0.02 mm s™ for isomer shift (1S), +0.4 T for hyperfine field (Hys) and 5%

for relative area. IS is relative to a-Fe at room temperature.
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Table S4. The M&sbauer parameters obtained from RT Msbauer measurements.

. . IS QS Bt r Area
Component Site assignment (mm s mmsY M (mm s %)
Doublet (green) 0.36 0.62 - 0.68 11.3
Sextets (cyan) 0.31 -0.03 45 0.64/0.99/1.34 222

Mng 3Fe15C01.204
8 Doublet (orange) 0.26 1.10 - 1.68 16.6
Sextets (yellow) 0.29 -0.14  26. 0.85/3.27/570  49.8
Doublet (green) 0.32 0.64 - 0.46 22.3

A

Sextets (cyan) 0.30 -0.05 45 054/1.04/155 @ 22.4

MnosF€1.2C01.204
8 Doublet (orange) 0.30 0.94 - 1.35 29.7
Sextets (yellow) 0.31 0.00 25.  0.53/2.35/417 256
A Doublet (green) 0.32 0.67 - 0.48 62.2

Mny oFeoC01.204
B  Doublet (orange) 0.32 1.07 - 1.07 37.8
A Doublet (green) 0.31 0.53 - 0.40 50.0

Mn; 4Fe.4C01.204
B Doublet (orange) 0.33 0.88 - 0.49 50.0

Experimental errors are +0.02 mm s for isomer shift (1S), +0.03 mm s for quadrupole splitting

(QS) and 3% for relative area. IS is relative to a-Fe at room temperature.
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Table S5. The Half-wave potentials of the ORR curve, current densities @1.7V of the OER curve,
and the relative contents of A-site or B-site M ions (Y %) of MnyFe; g.xC0;1,0,4 nano-dices. Y % =
Percentage of surface Y (obtained from XPS) * BET surface area * Percentage of site distribution

(analyzed by M&sbauer spectra) * Percentage of different valance (analyzed by XPS).

Mno,3F61_5C01_204 Mn0,6F61_2C01,204 Mnl_oFeo,3C01,204 Mn1,4F60,4C01,204

Half-wave
0.68 0.70 0.73 0.71
potential (V)
Current density
3.61 4.44 5.77 4,53
@1.7 V (MA ¢m™®)
A-site Fe'' (%) 12.59 8.81 7.57 1.65
B-site Fe'"' (%) 29.53 10.50 4.88 1.41
A-site Co (%) 11.99 12.31 10.80 12.73
B-site Co (%) 14.18 21.50 15.42 7.01
B-site Mn" (%) 10.36 12.17 7.03 7.64
B-site Mn"" (%) 3.68 13.81 21.08 20.10

B-site Mn'"Y (%) 2.67 6.90 13.23 12.46
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