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1. Introduction – Photocatalytic hydrogen generation is a very promising approach to produce H2 as a 

clean fuel. However, conventional photocatalysts often suffer from poor light absorption and inaccessible 

active sites that cause meagre light-harvesting and low charge transfer efficiency, consequently lower 

photocatalytic performance. Semiconducting phase-junction coupled with conducting porous carbon can 

improve light absorption and spatial photoinduced charge separation. Moreover, surface modification 

with hydrophilic functional groups also plays a very important role in enhancing the active sites. Metal 

organic frameworks (MOFs) are excellent platform as precursors to in-situ form both structures and 

functionalities adjustable photocatalytic materials with required semiconducting properties.[1]  

 

2. Experimental - Nitrogen/carbon co-doped 

N-TiO2/C nanocomposites were prepared by 

one-step direct carbonization of precursor NH2-

MIL-125(Ti) at 700 oC in inert atmosphere (Ar) 

and water vapour. The obtained samples are 

labelled as N-TiO2/CAr and N-TiO2/CArW 

respectively. 

 

3. Results and Discussion - Surface-

functionalized nitrogen/carbon co-doped 

polymorphic TiO2 phase junction nanoparticles 

uniformly distributed in porous carbon matrix 

were synthesized by a simple one-step pyrolysis 

of titanium-based metal-organic framework 

(MOF), NH2-MIL-125(Ti) at 700 ºC under 

water vapour atmosphere. Introducing water 

vapour during the pyrolysis of NH2-MIL-125(Ti) not only functionalizes the derived porous carbon 

matrix with carboxyl groups but also forms additional oxygen-rich N like interstitial/intraband states lying 

above the valence band of TiO2 along with the self-doped carbon, which further narrows the energy band 

gaps of polymorphic TiO2 nanoparticles that enhance photocatalytic charge transfer efficiency (as shown 

in Figure 1). Without co-catalyst, sample N-TiO2/CArW demonstrates H2 evolution activity of 426 µmol 

gcat
-1 h-1, which remarkably outperforms commercial TiO2 (P-25) and N-TiO2/CAr with a 5-fold and 3-fold 

H2 generation, respectively. 

 

4. Conclusions - This study shows that in water vapour atmosphere during the pyrolysis increases the 

hydrophilicity of the Ti-MOF derived composites by the functionalization of porous carbon matrix with 

carboxylic groups, significantly enhancing the electrical conductivity and charge transfer efficiency due 

to the formation of additional localized oxygen-rich N like interstitial/intraband states.[2] This work also 

demonstrates that by optimizing the anatase-rutile phase composition of the TiO2 polymorphs, tuning the 

energy band gaps by N/C co-doping and functionalizing the porous carbon matrix in the N-TiO2/C 

nanocomposites, the photocatalytic H2 generation activity can be further enhanced. 
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