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Experimental Section  

Synthesis of mesoporous graphitic carbon nitride: Transition metal nitride and carbide 

nanocrystals of groups IV, V and VI were synthesized via the reaction of transition metal 

precursors with an mpg-C3N4 as a reactive template. Two templates of mpg-C3N4 were 

synthesized and used in this study. Following the reported procedure,[S1] cyanamide (CA, 99% 

Aldrich) was mixed with an aqueous colloidal silica suspension composed of silica 

nanoparticles (LUDOX AS-30, 30 wt%, Aldrich) or (LUDOX SM-30, 30 wt%, Aldrich) 

while maintaining a 1:1 weight ratio of SiO2 to cyanamide. The mixture was heated at 313 K 

overnight. The obtained solid product was heated in a semi-closed crucible at 823 K for 4 h. 

To remove the silica, the final mixture was then thoroughly washed with a 4 M ammonium 

hydrogen difluoride (NH4HF2, ≥98.5% Fluka) aqueous solution, followed by H2O and ethanol.  

Syntheses of transition metal nitride and carbide nanoparticles: The synthetic experiments 

were conducted at 1023 K under nitrogen gas flow while keeping the weight ratio of C3N4 to 

the metal precursor constant at 1:1. Typically, the transition metal precursor was dissolved in 

ethanol. Then, a drop impregnation process was applied by penetrating the pores of the 

template with the aforementioned solution. The final mixture was transferred to an alumina 

boat crucible and heated at a constant temperature of 1023 K under a flow of 100 ml min-1 of 

N2. A passivation process was applied before exposing the samples to ambient air by flowing 

100 ml min-1 of 1% O2 in He at room temperature. Caution is required during synthesis due to 

the release of hydrogen cyanide and cyanogen gases resulting from the thermal decomposition 

of C3N4. 

Characterization: The synthesized samples were characterized using elemental analyses (C, H 

and N), X-ray diffraction (XRD), N2 sorption, X-ray photoelectron spectroscopy (XPS), and 

transmission electron microscopy (TEM). Elemental analyses were performed using a Flash 

2000 Thermo Scientific CHNS/O analyzer. The XRD patterns of the products were collected 

on a Bruker DMAX 2500 X-ray diffractometer equipped with a Cu Kα radiation source (λ = 
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0.154 nm). The N2 sorption studies were conducted using a Micrometrics ASAP 2420 to 

determine the Brunauer–Emmett–Teller (BET) surface area, the Barrett–Joyner–Halenda 

(BJH) pore size, and the pore volume. The decomposition mechanism of the mpg-C3N4 

template was investigated by detecting the products in the gas phase using an OMNI Star 

(GSD320 O1) portable mass spectrometer equipped with a tungsten filament from Pfeiffer 

Vacuum. The mass spectrometer was connected at the furnace outlet to study the 

decomposition products under flowing Ar at 100 ml min-1. The XPS studies were carried out 

using a Kratos Axis Ultra DLD spectrometer equipped with a monochromatic Al Kα X-ray 

source (hα = 1486.6 eV) operating at 150 W, a multi-channel plate and a delay line detector 

under a 1.0 x10-9 Torr vacuum. The survey and high-resolution spectra were collected at fixed 

analyzer pass energies of 160 and 20 eV, respectively. A model TITAN G2 80-300 ST 

transmission electron microscope was operated at an electron beam energy of 300 keV to 

characterize the sample morphology and to determine the particle size. Selected area electron 

diffraction (SAED) patterns were obtained to determine the inter-planar d-spacings of the 

crystalline phases present in the samples. 

 

Reference 

[S1] A. Thomas, F. Goettmann, M. Antonietti Chem. Mater. 2008, 20, 738-755. 


