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Table S1. The mixing ratio of the sample before heating and volume of alumina 

crucible used 

Metal precursor: dicyandiamide Molar ratio 
Sum of mixed 

sample/g 

Crucible 

capacity/ml 

NaVO3: dicyandiamide 3:5 24 60 

NH4VO3: NaHCO3: dicyandiamide 1.5:1.5:5 6 - 

V2O5: dicyandiamide 3:5 6 - 

NaCrO2: dicyandiamide 3:5 6 40 

NaFeO2: dicyandiamide 3:5 6 40 

NaMnO2: dicyandiamide 3:5 6 40 
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Figure S1. 2D plots of an in-situ synchrotron XRD patterns and 1D XRD patterns 

of (a) NaVO3 + C2H4N4 (λ=0.354050 Å), (b) NH4VO3+NaHCO3+C2H4N4 

(λ=0.354050 Å), and (c) V2O5 +C2H4N4 (λ=0.35769 Å) at selected heating 

temperatures. The horizontal lines on the 2D plots correspond to the selected 1D 

XRD patterns. Peaks on the XRD profiles are assigned symbols corresponding to 

each crystalline phase, and peaks without symbols are peaks for which no 

crystalline phase could be identified and indexed. 

  



S-4 

 

Figure S2. XRD pattern of the final products of NaCrO2 and dicyandiamide heated 

at atmospheric pressure. NaCrO2 and dicyandiamide were mixed in molar ratio 

3:5 to a total weight of 6 g, and heated to 580 ℃ for 10 minutes, washed with 

water, centrifuged and dried. 

 

 

 

 

Figure S3. Lattice constant of Fe3Nx with increasing heating temperature. 
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Figure S4. XRD patterns of vanadium nitride synthesized in air. The yellow and 

purple XRD pattern shows the product heated at 600 and 700 °C for 30 minutes 

respectively. The vanadium nitride reference pattern (ICSD#22321) is shown at the 

bottom. 

 

 

Figure S5. XRD patterns of vanadium nitride synthesized in air before washing. 

Both XRD patterns are from products heated at 700 °C for 30 min, while the 

yellow and purple patterns are before and after cleaning, respectively. 
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Figure S6. XRD patterns of NaFeO2 and dicyandiamide heated at 700 °C before 

washing, and XRD patterns of the white powder on the outside of the crucible after 

heating for 75 minutes. 

 

Figure S7. Photo of Fe-700-75 crucible after heating. 

 

  



S-7 

 

Table S2. Elemental analysis for C, H, N, and O of vanadium nitride.  

 V-600 V-700 

C / wt % 2.42 0.66 

H / wt % 0.82 0.92 

N / wt % 19.63 14.63 

O / wt % - 14.59 

 

Table S3. Lattice parameters of iron compounds synthesized under an atmospheric 

condition  

 Fe-700-23 (FeNCN) Fe-700-75 (Fe3N) Fe-700-90 (Fe3C) 

a/Å 3.27913(11) 4.71886(15) 5.0909(4) 

b/Å = a = a 6.7424(5) 

c/Å 9.4177(5) 4.3782(3) 4.5269(3) 

 

Table S4. CHN analysis results for Fe-based products 

 Fe-700-23 (FeNCN) Fe-700-75 (Fe3N) Fe-700-90 (Fe3C) 

C / wt% 12.35 0.00 6.43 

H / wt% 0.17 0.28 0.36 

N / wt% 29.15 4.91 0.33 

 

Table S5. CHN analysis results of Mn-700-10 

 C / wt% H / wt% N / wt% 

Mn-700-10 11.25 0.08 26.14 

 

 


