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1  Chemicals and materials 
Trithiocyanuric acid (AR) was provided by JK scientific Co., Ltd. Melamine (AR), formic acid (AR) purchased from Aladdin Co. 

Sodium hydroxide (AR) and HCl were purchased from Beijing Chemical Works. Sodium formate dehydrate (AR) were purchased from 

sinopharm Chemical Reagent Co., Ltd. Vulcan carbon powder XC-72 was provided by Cabot Co. Highly purified argon (≥ 99.99%) 

was supplied by Changchun Juyang Co Ltd. Ultrapure water (resistivity: ρ ≥ 18 MΩ∙cm−1) was used to prepare the solutions. PdCl2 

was dissolved into 0.1 mol∙L−1 HCl aqueous solution to obtain H2PdCl4 solution. 

2  Material characterization 
An XL 30 ESEMFEG field emission scanning electron microscope was used to measure Scanning electron microscopy (SEM) 

images. Transmission electron microscopy (TEM), high-angle annular dark-field scanning transmission electron microscopy (HAADF-

STEM) and element mapping analysis were performed on Philips TECNAI G2 electron microscope at 200 kV. Power X-ray diffraction 

(XRD) measurements were performed on D8 ADVANCE diffractometer (BRUKER Co.) with a Cu Kα (λ = 0.154 nm) radiation source 

operating at 40 kV. The textural and morphological features of the various carbon supports and catalysts prepared were determined by 

nitrogen physisorption at 77 K in a Micromeritics ASAP 2020. The composition of the products was determined by an inductively 

coupled plasma optical emission spectrometer (ICP-OES; X Series 2, Thermo Fisher Scientific, USA). X-ray photoelectron 

spectroscopy (XPS) measurements were carried out on Mg Kα radiation source (Kratos XSAM-800 spectrometer). The binding energy 

was calibrated against the C 1s line. 

      
Fig. S1  Nitrogen adsorption-desorption isotherms of C3N4, C3N4-S, Pd/C3N4 and Pd/C3N4-S fitted by the BET (Brunauer-Emmett-Teller) method.  

     
Fig. S2  The pore size distribution of C3N4, C3N4-S, Pd/C3N4 and Pd/C3N4-S. 
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Fig. S3  The XRD full spectra of Pd/C3N4 and Pd/C3N4-S. 

 

    
Fig. S4  The XPS spectra of the Pd/C and the Pd 3d XPS spectra of the Pd/C. 

Table S1  The content of S element in the support before and after calcination (Determined by elemental analysis test). 

Sample 
Mass fraction(S)/% 

before calcination after calcination 

C3N4-S 52.45 0.85 

Table S2  The content of each element (2-catalyst indicates that it is prepared by the ethylene glycol microwave reduction method). 

Catalyst 
Elemental analysis test ICP-OES test 

Mass fraction(N)/%(support) Mass fraction(Pd)/% 

Pd/C – 4.12 

Pd/C3N4 62.17 1.61 

2-Pd/C3N4 62.17 0.12 

Pd/C3N4-S 61.76 3.21 

2-Pd/C3N4-S 61.76 0.20 

Table S3  The Pd and N atomic contentment on the surface of the samples according to the XPS spectra. 

catalyst 
Atomic contentment/% 

Pd0 Pd2+ pyridinic N pyrrolic N graphitic N 

Pd/C 59.79 40.21 – – – 

Pd/C3N4 45.17 54.83 39.91 41.50 18.59 

Pd/C3N4-S 51.89 48.11 40.87 42.76 16.37 

 



s4 

 
Fig. S5  Pd/C3N4-S prepared by using trimeric thiocyanate as precursor at different pyrolysis temperatures and  

sodium borohydride reduction method. 

 

Fig. S6  Formic acid decomposition performance of catalyst prepared by ethylene glycol microwave reduction. 

 
Fig. S7  Cyclic stability of Pd/C3N4-S catalyzed formic acid decomposition. 
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Fig. S8  (A) TEM image of Pd / C3N4-S after cyclic stability test; (B) Particle size distribution of Pd NPs of Pd / C3N4-S after cyclic stability test. 

Table S4  Comparison of the performance of this work with the reported formic acid decomposition catalyst. 

Catalyst Additive TOF (h−1) Mass activity (molH2∙g
−1

Pd∙h−1) T/K Reference 

Pd/C3N4-S SF 2083 19.52 303 This work 

PdAu/C-CeO2 – – 2.13 365 S1 

Pd/N-MSC-30 SF 8414 7.47 333 S2 

Pd/MSC-30 SF 750 3.59 298 S3 

Pd-B/C SF 1184 3.50 303 S4 

Pd/r-GO SF 5420 6.39 353 S5 

Pd/CN0.25 - 5530 6.52 298 S6 

Pd @ CN FA 71 0.67 288 S7 

Pd/Czif-8 SF 1166 11.01 303 S8 

Pd-M(OH)2/S-1 – 5803 11.91 333 S9 

PdO/C SF 3172 8.72 303 S10 

PdAg@ZrO2/C/rGO SF 4500 – 333 S11 

Ag0.1Pd0.9/rGO SF 2739 2.31 323 S12 

Co0.30Au0.35Pd0.35/C FA 80 0.05 298 S13 

Ag1Pd9@NPC SF 1029  303 S14 

Table S5  The content of each component in the gas product determined by gas chromatography (The limit of detection for CO is 0.1 × 10−6). 

Catalyst Additive H2/% CO2/% O2/% N2/% H2 : CO2 N2 : O2 

Pd/C SF 46.38 44.60 1.81 7.21 1.04 : 1 3.98 : 1 

Pd/C3N4-S SF 47.51 47.04 1.10 4.44 1.01 : 1 3.94 : 1 
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