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Supplementary Fig. 1 N isothermal adsorption-desorption curves of FeCo DACs.
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Supplementary Fig. 2 N2 isothermal adsorption-desorption curves of (a) Co
SACs,(b) Fe SACs.

The specific surface areas of Co SACs and Fe SACs are 828.9 and 812.4, respectively.
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Supplementary Fig. 3 Raman spectra of FeCo DACs, Co SACs and Fe SACs.



Supplementar Fi. 4 Aberration-corrected HAADF-STEM image of (a) Co SACs
and (b) Fe SACs.



Supplementary Fig. 5 The elemental mapping images of FeCo DACs
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Supplementary Fig. 6 High-resolution N 1s XPS spectra of the (a) FeCo DACs, (b)

Q

Fe SACs and (¢) Co SACs.
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Supplementary Fig. 7 XPS spectra of the FeCo DACs (a) Co 2p (b)Fe 2p.
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Supplementary Fig. 8 (a) The Co K-edge (b) Fe K-edge EXAFS fitting curves of Fe-
Co DACs with Co-Co and Fe-Fe.
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Supplementary Fig. 9 (a) XRD patterns of Fe-CoDACs/S composites. (b) TGA
curve of Fe-CoDACS/S composites.
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Supplementary Fig. 10 Elemental mapping images of C and S.
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Supplementary Fig. 11 (a) CV curves different cathodes at 0.1 mV s.(FeCo
DACSs/S cathode,Fe/Co mix/S cathode and hollow carbon sphere/S cathode)
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Supplementary Fig. 12 Statistical plot of Tafel slope of fitted curves.
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Supplementary Fig. 13 (a)Potentiostatic nucleation curves of Li>S with Fe SACs and
Co SACs mixed. (b)The dissolution profiles of Li>S.
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Supplementary Fig. 14 Optimized configurations of sulfur species anchored on Fe

SACs.
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Supplementary Fig. 15 Optimized configurations of sulfur species anchored on Co
SACs
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Supplementary Fig. 16 Optimized configurations of sulfur species anchored on Fe-

Co DAC:s.
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Supplementary Fig. 17 In situ Raman contour plots and corresponding discharging curve
of Fe SACs/S cathode.
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Supplementary Fig. 18 Galvanostatic charge-discharge curves of different cathodes
at 1C.
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Supplementary Fig. 19 Cycling performance of different cathodes at 0.2 C.
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Supplementary Fig. 20 SEM images of Li anodes after 200 cycles under 1 C with (a-
b) FeCo DACs, (c-d) Fe SACs, (e-f) Co SACs.
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Supplementary Fig. 21 Cycling performance of FeCo DACs/S cell with lean
electrolyte at 0.1 C.

20



o
O 0 o
2 250F P2 WX dboodpocmooo%o

o

Capacity (mA
2
g

150 S loading: 200 mg
E/S ratio: 4pL mg’!

Coulombic Efficieney (%)

0 10 20 30 40
Cycle number

Supplementary Fig. 22 (a) Photograph of Li-S pouch cell (b) Cycling performance
of pouch cell at 0.1C.
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Supplementary Fig. 23 Detailed decomposition path and decomposition barriers for Li2S
on (a) FeCo DACs, (b) Co SACs and (c) Fe SACs.
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Supplementary Fig. 24 (a) Gibbs free energy of sulfur reduction process on Fe-Co
DACs, Co DACs and Fe DACs. (b) Detailed decomposition path and decomposition
barriers for Li>S on Co DACs (left) and Fe DACs (right). (Transition states for
elementary reaction steps were determined by a combination of the nudged elastic
band (NEB) method and the dimer method. The path between the reactant and product
is discretized into a series of structural images; The closest transition state structure

image was employed as an initial guess structure for the dimer method.)

23



Supplementary Table 1. EXAFS fitting parameters at the Co K—edge for various

samples
Sample Shell CNe R(A)° (A2 AEo(eV)'  p fctor
Co foil Co-Co 12* 2494001 0.006240.0002  7.2#0.3 (007
Co-O 55 1.9040.03 0.002240.0011  8.7#1.0
C0304 Co-0O-Col 6.2 2.894).01 0.0022+).0015 6.9+.4 0.0088
Co-0-Co2 54 3.31#0.04 0.0023#0.0019 -2.2#+.0
Co-N 4.1 1.9140.04 0.002940.0009 8.1+2.4
CoPc 0.0049
Co-Co 3.6 3.0740.02 0.0078#0.0031 -9.6#1.9
Co-N1 2.0 1.8840.02 0.00324.0010 -8.242.5
Co sample Co-N2 1.1 2.0340.02 0.006440.0012 7.722.0 0.0106
Co-Fe 0.8 2.55#0.01 0.0086#0.0065 -5.4#1.7

3CN, coordination number; °R, distance between absorber and backscatter atoms; ‘6, Debye-

Waller factor to account for both thermal and structural disorders; “4Eo, inner potential

correction; R factor indicates the goodness of the fit. So?> was fixed to 0.73, according to the

experimental EXAFS fit of Fe foil by fixing CN as the known crystallographic value. A

reasonable range of EXAFS fitting parameters: 0.700 < S¢? < 1.000; CN > 0; 6®> 0 A2, |AEq| <

10 eV; R factor < 0.02.
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Supplementary Table 2. EXAFS fitting parameters at the Fe K—edge for various

samples
Sample Shell CN? R(A) 2(A?e AEo(eV)'  p frctor
Fe-Fel 8* 2.4740.07 0.004740.0013 5447
Fe foil 0.0016
Fe-Fe2 6* 2.8440.09 0.0051#0.0022  3.533.0 '
Fe-O 6.1 1.9840.03 0.007520.0022 7.24.7
Fe203 Fe-O-Fel 6.7 2.984.01 0.006740.0013 8.5#1.5 0.0067
Fe-O-Fe2 4.3 3.6540.01 0.001740.0005 2.6+1.6
Fe-N 4.2 1.9540.01 0.006020.0040 5722.0
FePc 0.0127
Fe-Fe 4.0 3.094.04 0.007640.0069  7.2#+1.8
Fe-N1 2.1 1.9840.01 0.003940.0014 7.382.5
Fe sample Fe-N2 1.0 2.0640.02 0.002740.0020 8.4+2.2 0.0101
Fe-Co 0.7 2.5140.04 0.005440.0031 6.9+1.4

3CN, coordination number; R, distance between absorber and backscatter atoms; ‘%, Debye-

Waller factor to account for both thermal and structural disorders; “4E,, inner potential

correction; R factor indicates the goodness of the fit. So? was fixed to 0.75, according to the

experimental EXAFS fit of Fe foil by fixing CN as the known crystallographic value. A

reasonable range of EXAFS fitting parameters: 0.700 < S¢? < 1.000; CN > 0; 6®> 0 A2, |AEq| <

10 eV; R factor < 0.02.
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Supplementary Table 3. EXAFS data fitting results of Fe-Fe.

Sample Shell CNa R(A)° 2(A?)e AEV)! | p factor
Fe-N1 2.1 1.98 0.0041 7.5
Fe sample-1 Fe-N2 1.0 2.06 0.0025 8.5 0.0125
Fe-Fe 0.7 2.50 0.0068 8.1
Supplementary Table 4. EXAFS data fitting results of Co-Co.
Sample Shell CNe R(A)° (A2 AEo(eV)" | p factor
Co-N1 2.0 1.88 0.0031 -8.1
Co sample-1 Co-N2 1.1 2.03 0.0063 7.6 0.0122
Co-Co 0.8 2.57 0.0071 -6.1
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Supplementary Table 5. Elemental composition for the catalysts (ICP).

Sample Iron (wt.%) Cobalt (wt.%)
Fe SACs 2.13 /
Co SACs / 2.15
FeCo DACs 1.08 1.03
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