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FIGURES AND TABLES

Figure S1. Setup of in-situ characterization system. a) back, b) Front and c) side views of the system. d) image for

piston pump. e) close-up image for the liquid-in and out part of the reaction. f) image for the home-made cell.
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Figure S2. TEM and HRTEM images of NPs obtained when the reaction reached a,b) 220°C, c,d) 260°C and e,f)
280°C. g,h) 350°C
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Figure S3. The transition states (TSs) geometries involved in methane and ethene dissociation process. The bond

distances between C-H and C-C at TSs are indicated.
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Figure S4. The potential energy diagram for atomic carbon diffusion from Fe surface to subsurface. The barrier (in
eV) and configurations of initial state, transition state and final state involved are indicated. Fe surface have been

reconstructed for the final state.
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Figure S5. Potential energy diagram and the favorable adsorption configurations of key intermediates for
methane and ethene dissociation on Fe (310) step surface. Methane, ethene adsorption energies and the

elementary reaction barriers are indicated. Purple, grey and white balls are Fe, C and H atoms.
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Figure S6. XRD patterns of product generated from a control experiment which was designed by holding the
temperature of the synthetic system at 300°C and then diluted ethylene (10% C2H4/90% Ar) was bubbled into
the high temperature organic solution for 30 min. The XRD profiles suggested that the product thus generated

was Fe5C2.
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Figure S7 (a, b) XRD pattern and (c,d) TEM images of MoC and Co,C NPs. The black lines in XRD profiles are
standard patterns of MoC (JCPDS No. 89-2868) and Co,C (JCPDS No. 05-0704).
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Table S1. Fe K edge EXAFS fitting results of the synthetic system at different temperature

E shift
Entry Sample Shell R (A)* C.N. 6’ (A%)* (OeV)d

Fe-C 1.81+0.01 2.7+0.8 0.002

1 180 1° Fe-Fe 2.53+0.01 0.7£0.4 0.008 1.9
Fe-Fe 2.75+0.01 6.0£1.7 0.012
Fe-O 2.06+0.03 3.8t14 0.010

2 18072f Fe-Fe 2.50+0.02 1.5+0.5 0.008 4.0
Fe-Fe 3.08+0.02 6.8+2.4 0.013
Fe-O 2.11+0.02 5.8+1.7 0.011

3 220 Fe-Fe 2.50+0.01 0.8+0.2 0.007 0.5
Fe-Fe 3.08+0.02 8.1+1.5 0.011
Fe-O 2.08+0.01 6.9£1.6 0.020

4 240 -1.7
Fe-Fe 3.07+0.01 10.2+1.2 0.012
Fe-O 2.10+0.02 6.8+1.7 0.011

5 260 -3.0
Fe-Fe 3.07+0.01 12.4+1.5 0.012
Fe-Fe 2.44+0.02 3.0£1.0 0.006

6 280 -5.7
Fe-Fe 2.79+0.02 2.3+0.7 0.006

7 300 Fe-Fe 2.44+0.02 4.5+1.4 0.012 -2.7
Fe-C 1.90+0.05 0.7+0.5 0.006

8 320 -5.6
Fe-Fe 2.46+0.01 4.0+0.6 0.012
Fe-C 1.99+0.01 5.1+0.7 0.007

9 340 -7.1
Fe-Fe 2.60+0.01 9.6£1.8 0.014
Fe-C 1.99+0.01 3.5+1.4 0.008

10 350 -6.9
Fe-Fe 2.60+0.01 8.6+1.0 0.015

a. bond length; b. coordination number; c. Debye-Waller factor; d. difference of inner potential; e. the sample

collected 1 min after Fe(CO)s injection; f. the sample collected after 30 min decomposition at 180 °C.
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