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As a result of rapid industrial development and population growth, two important issues are of prime focus for the
scientific society: first is increased global energy demand and second is environmental protection. In first challenge, the
search for clean and sustainable energy source such as hydrogen becomes important. Visible light driven photocatalysis
is a potentially feasible way to produce clean hydrogen from water. For this purpose, photocatalyst materials with unique
properties such as narrow band gap, high specific surface area, stability, crystallinity and so on, is highly desirable. So far,
various inorganic semiconductors and molecular assemblies have been proposed and developed for H, production from
water. However, most of the catalysts are suffering with poor visible light absorption, low surface area, poor crystallinity,
instability or toxicity. Therefore, the fabrication of cheap and novel catalysts with unique physical and chemical
properties to produce H, under visible light irradiation is highly anticipated. In the second challenge; the problems
related to the environmental monitoring, especially highly selective and sensitive detection of harmful gases are
important issues.  So far, semiconducting metal oxides have been used as solid state gas sensor for the detection of toxic
gases and vapors. However, the major disadvantage is the operation at elevated temperatures which can damage the
materials that are made up of films and contacts. It is the cause of poor reliability. Hence the development of an easy
method and a novel material for the room temperature sensing of harmful chemicals is highly desirable.

Carbon nitride could be the potential candidate to achieve aforementioned challenges because of its interesting
physical and chemical properties such as inbuilt basic functionalities, thermal stability, optical and electronic properties.
In addition, introducing the mesoporosity can increase the access to more number of active sites, capture more photons
due to light scattering effect inside the pores and shorten the path length for the charge carriers to the surface of the
photocatalyst due to thin walls. At present, preparation of MCN, has been limited to the use of non-cyclic precursors like
ethylenediamine, carbon tetrachloride, dicyanamide, and aminoguanidine. However, the synthesis mechanism of MCN,
materials prepared from aforementioned precursors is unclear and it becomes very important to understand the synthesis
process of MCN, in order to develop the materials for specific applications such as photocatalysis and sensing, In
chapter 1, research history of N doped carbon, C3Ny, and MCNx materials together with above mentioned important
points were summarized.

In chapter 2, synthesis of mesoporous silica templates which were used for the fabrication of MCN, materials were
briefly explained. Synthesis techniques and characterization methods were also presented in chapter 2. In chapter 3,
synthesis and characterization of two MCNx materials were presented. In the first part, N containing mesoporous
carbons (NMC-G-x) with excellent textural properties and inbuilt basic functionalities were successfully fabricated from
gelatin by nanocasting technique. In the second part, 3-Amino-1, 2, 4-triazine (ATN) was employed as a single source
precursor to fabricate well ordered high N containing MCN materials (MCN-ATN-x). Formation mechanisms of
NMC-G and MCN-ATN were investigated for the first time through kinetic simulation by using non-parametric kinetic
(NPK) method. The simulation study showed that gelatin-silica and ATN-silica composite followed reaction order
kinetic model. Gelatin-silica composite showed highest activation energy among all the cases studied in this work. Also,
simulation results showed that mesoporous silica significantly affects the rate of chemical reaction depending on the

interaction with the precursor inserted inside the porous structure. Based on the simulation results, the reaction schemes
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were proposed for the formation of NMC-G and MCN-ATN. The performance of NMC-G and MCN-ATN were tested
for the sensing of harmful chemicals by using quartz crystal microbalance (QCM). NMC-G material showed high
selectivity and sensitivity for the acidic compounds. Temperature programmed desorption (TPD) of CO, suggests that
basicity of the NMC-G sample is 0.185mmol of CO,.g".

In order to achieve high nitrogen content in the MCNx materials, N rich, cyclic inexpensive single molecular CN
- precursors such as 3-Amino 1,2,4 triazole (3-AT) and 5 Amino-1H-trtrazole (SATZ) were used for the fabrication of
MCN-TZL and MCN-TT, respectively. The synthesis and characterization of the obtained materials were presented in
chapter 4. Materials exhibits well ordered mesoporosity. QCM measurements showed that MCN-TT produced largest
frequency shift (1925 Hz) for the acidic compounds. The reasons are high surface area and large density of basic sites
(0.32mmol of CO;, g) detected on the surface of MCN-TT. In order to verify the role of basic sites in selective sensing
of acidic compounds, urea was added in-situ along with 3AT during preparation of MCN-TZL. Although having less
surface area (220m’g"), the obtained material (MCN-TU) displayed large frequency shift (1200 Hz) for the acidic
compounds as compared with MCN-TZL (850 Hz). As expected, TPD profiles showed improved density of basic sites
(0.20mmol of COz_g'l) as compared with MCN-TZL (0.14mmol of COz.g'l). From the kinetic simulation results, it
was found that formation of MCN-TZL follows one dimensiona! (1D) diffusion model. The diffusion of the advancing
reaction interface is controlled in 1 dimension which controls necessary orientations of the reactant molecules and causes
chain extension. Short range order arises through parallel alignment of sufficiently regular chains where the repeating
units in the adjacent chains are in appropriate crystallographic orientation. From wide angle XRD patterns, it was noticed
that the crystallinity of MCN-TZL is improved as compared with NMC-G, MCN-ATN and MCN-TT. Based on the
simulation results, the reaction scheme is proposed for the formation of MCN-TZL inside the porous silica. Activation
energy obtained for 3AT-silica is the lowest among all cases studied in this work. In contrast, formation of MCN-TT
follows reaction order model with n=4 and requires large activation energy. This indicates that the complex, multistep
chemical reaction and bulk evaporation are more dominant than surface process. Based on simulation results, the
reaction scheme is proposed for MCN-TT formation.

In order to improve the photocatalytic activity of the MCN, materials, new synthesis route for the preparation of
metal oxide loaded mesoporous carbon nitrides have been introduced. In this method, metal oxide loaded SBA-15 was
prepared first and then used as a sacrificial template to produce metal oxide loaded MCN, materials by simple
nanocasting method. By this method, uniform distribution of SnO,, TiO, or ZrO; nanoparticles inside the porous
framework of narrow band gap carbon nitride materials was achieved. The results are presented in chapter 5.
Photocatalytic H; evolution experiments were performed on obtained materials. MCN-TU-Sn-R5 showed highest rate of
H, evolution (220pmolh™) with good stability. H, evolution rate is higher than its pure counterpart (MCN-TU). The
reason behind large activity of MCN-TU-Sn-RS5 is the efficient charge transfer through SnO, nanoparticles which leads
to low recombination rate. In addition, the performance of MCN-TZL, MCN-TT and MCN-TU were tested for the
photocatalytic H, evolution under visible light irradiation. MCN-TZL showed highest H, evolution rate (267umol.h™).
The high activity of MCN-TZL can be attributed to the narrow band gap energy (2.2eV), improved crystallinity, high
surface area and low recombination rate. It can be concluded that controlled temperature, chemistry of the CN precursor,
silica template, and quantity of precursor used for filling mesochannels of template are the key points in obtaining well
ordered mesoporous CN, material with a high N content. It has been demonstrated that the crystalline fraction of the
MCN;, materials which is of significant importance in many applications can be improved by selecting the correct
precursor and silica combination.
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