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Supplementary Figure 1. a, Transition-state scaling with formation energy at final state (EF at FS). b, 

Brønsted-Evans-Polanyi (BEP) relation.     
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Supplementary Figure 2. Change in free energies of activation for dehydrogenation and CH4 insertion 

reactions. a, Effect of CH4 conversion at 1300 K and 1 bar. b, Effect of reaction temperature at CH4 

conversion of 10% and 1 bar. CH4 was assumed to be converted to CH3 and 1/2 H2. 
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Supplementary Figure 3.  Degree of rate control calculated for all states calculated under different reaction 

conditions. a, DRC values for the production of C2H2. b, DRC values for the production of CH3. 

  



5 

 

Supplementary  Table  1.  Hydrocarbon  distributions  obtained  using  the  Fe@CRS  catalyst  under  various 

reaction conditions.   

tgas
a 

(s) 

tcat
b 

(s) 

Xc 

(%) 

Selectivity (%) 

C2H6 C2H4 C2H2 C3 C4 C5 C6H6 C7H8 C10H8 

Alkyl 

benze

nes 

Coke 

1.7 0.0 1.0 20.0 38.4 8.9 8.0 9.5 1.8 2.0 0.0 0.0 3.1 8.3 

2.3 0.0 1.8 13.1 34.5 12.0 7.9 12.8 2.8 6.0 1.4 0.9 3.2 5.4 

2.8 0.0 2.9 9.6 32.3 14.8 7.6 12.7 2.8 11.6 2.9 3.2 2.4 0.0 

11.3 0.0 24.3 1.0 15.9 11.3 1.2 1.1 0.5 22.4 1.7 11.4 3.3 30.3 

1.8 0.0 4.7 6.0 28.1 16.9 6.1 9.5 2.1 9.9 2.3 2.2 3.8 13.0 

2.4 0.1 7.3 3.9 23.6 17.3 4.5 1.8 1.8 12.5 2.7 3.7 3.8 24.5 

11.7 0.3 26.6 0.8 14.9 11.4 1.0 1.0 0.5 19.0 1.3 5.9 2.5 41.8 

40.4 1.1 42.3 0.8 9.1 4.6 0.3 0.2 0.1 13.1 0.4 5.5 1.0 64.9 

1.8 0.1 6.5 4.4 26.9 18.7 5.0 7.6 1.6 11.8 2.5 3.3 2.8 15.3 

2.4 0.1 9.5 2.8 22.1 18.1 3.6 5.2 1.4 12.8 2.4 4.3 3.1 24.2 

3.0 0.2 11.0 2.3 21.3 18.5 3.3 4.5 1.2 15.3 2.6 5.5 3.9 21.5 

12.0 0.6 27.2 0.8 14.2 11.0 0.9 0.8 0.3 16.5 1.1 4.7 2.0 47.6 

41.5 2.1 41.5 0.8 9.5 4.7 0.3 0.2 0.1 12.5 0.4 4.9 1.0 65.6 

2.2 0.2 7.9 3.4 24.6 18.0 4.4 6.2 0.0 10.1 2.1 2.5 5.3 23.4 

2.9 0.3 10.6 2.2 20.4 17.1 3.2 4.5 0.0 10.4 1.8 3.0 4.5 32.9 

3.7 0.3 12.2 2.0 19.3 17.4 2.8 3.8 0.0 11.9 1.9 4.0 3.8 33.2 

14.6 1.2 26.3 0.8 13.8 11.3 1.0 0.9 0.0 13.4 0.9 4.5 2.1 51.5 

50.5 4.3 40.4 0.8 10.0 5.1 0.3 0.2 0.0 11.2 0.4 4.1 1.1 66.8 
a Gas-phase residence time 
b Catalyst contact time 
c Methane conversion 


