
Accepted Manuscript

Pore confinement effects and stabilization of carbon nitride oligomers in macroporous
silica for photocatalytic hydrogen production

Sha Qiao, Robert W. Mitchell, Ben Coulson, Danielle V. Jowett, Benjamin R.G.
Johnson, Rik Brydson, Mark Isaacs, Adam F. Lee, Richard E. Douthwaite

PII: S0008-6223(16)30393-1

DOI: 10.1016/j.carbon.2016.05.039

Reference: CARBON 11003

To appear in: Carbon

Received Date: 18 February 2016

Revised Date: 9 May 2016

Accepted Date: 15 May 2016

Please cite this article as: S. Qiao, R.W. Mitchell, B. Coulson, D.V. Jowett, B.R.G. Johnson, R. Brydson,
M. Isaacs, A.F. Lee, R.E. Douthwaite, Pore confinement effects and stabilization of carbon nitride
oligomers in macroporous silica for photocatalytic hydrogen production, Carbon (2016), doi: 10.1016/
j.carbon.2016.05.039.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.carbon.2016.05.039


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

Corresponding author. Tel +44 (0)1904 324183. E-mail:richard.douthwaite@york.ac.uk 

 

Pore confinement effects and stabilization of carbon nitride oligomers in macroporous silica 

for photocatalytic hydrogen production 

Sha Qiao,a Robert W. Mitchell,a Ben Coulson,a Danielle V. Jowett,a Benjamin R. G. Johnson,b Rik 

Brydson,b Mark Isaacs,c Adam F. Leec and Richard E. Douthwaite*,a  

aDepartment of Chemistry, University of York, Heslington, York, YO10 5DD, UK 

bInstitute for Materials Research, School of Chemical and Process Engineering, University of 

Leeds, Leeds LS2 9JT, UK 

cEuropean Bioenergy Research Institute, Aston University, Birmingham B4 7ET, UK  

 

Abstract 

An ordered macroporous host (mac-SiO2) has been used to prevent aggregation of layered 

photocatalysts based on carbon nitride. Using typical carbon nitride synthesis conditions, 

cyanamide was condensed at 550 oC in the presence and absence of mac-SiO2. Condensation in the 

absence of mac-SiO2 results in materials with structural characteristics consistent with the carbon 

nitride, melon, accompanied by ca. 2 wt% carbonization. For mac-SiO2 supported materials, 

condensation occurs with greater carbonization (ca. 6 wt%).  On addition of 3wt% Pt cocatalyst 

photocatalytic hydrogen production under visible light is found to be up to 10 times greater for the 

supported composites. Time-resolved photoluminescence spectroscopy shows that excited state 

relaxation is more rapid for the mac-SiO2 supported materials suggesting faster electron-hole 

recombination and that supported carbon nitride does not exhibit improved charge separation. CO2 

temperature programmed desorption indicates that enhanced photoactivity of supported carbon 

nitride is attributable to an increased surface area compared to bulk carbon nitride and an increase in 

the concentration of weakly basic catalytic sites, consistent with carbon nitride oligomers. 

1. Introduction 

The specific activity (per unit mass) of a heterogeneous catalyst can be increased by 

controlling morphology, typically by increasing the geometric surface area. For 

heterogeneous photocatalysts there are the additional considerations of photon absorption 

and subsequent electron/hole migration that precede surface reactions.[1] In the absence of 

significant surface reconstruction, increasing the specific surface area of a photocatalyst 

typically enhances the number of catalytically active sites, while suppressing bulk electron-

hole recombination. High surface areas can also be stabilized by dispersing active phases 
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