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Abstract
The escalating concentration of atmospheric carbon dioxide
(CO₂) necessitates innovative mitigation strategies. Photocatalytic
CO₂ reduction offers a solar-driven route to convert CO₂ into
value-added fuels and chemicals. This review presents a
comprehensive investigation of a ternary photocatalytic system
comprising graphitic carbon nitride (g-C₃N₄) and cerium dioxide
(CeO₂), enhanced by platinum (Pt) as a noble metal cocatalyst.
The synergistic interactions between g-C₃N₄ and CeO₂ yield
superior charge separation, broadened light absorption, and
enhanced surface reactivity. Characterisation by XRD, FTIR,
TEM, SEM, and UV-Vis spectroscopy confirmed successful
composite synthesis with preserved crystal structures and markedly
enlarged BET surface areas (up to 36.65 m²/g for CeO₂-g-C₃N₄ (3)
versus 9.45 m²/g for pure CeO₂). Stable production of CH₄ (∼ 30
μmol/g/h) and H₂ (∼ 35 μmol/g/h) was demonstrated over five
consecutive photocatalytic cycles. These findings advance
understanding of ternary heterojunction photocatalysts for
sustainable CO₂ valorisation.
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1. Introduction
Atmospheric CO₂ concentrations have risen
dramatically since industrialisation, making
climate-change mitigation a global priority
(Solomon et al., 2009). Photocatalytic CO₂
reduction has emerged as a promising solar-driven
strategy that simultaneously reduces atmospheric
CO₂ and generates renewable fuels, mimicking
natural photosynthesis (Zhu and Wang, 2017). The
efficiency of this process depends on three coupled
steps: light absorption to generate electron–hole
pairs, efficient charge separation, and selective
surface catalytic reactions (Saravanan et al., 2021).
Traditional photocatalysts such as TiO₂ are
constrained by their wide bandgap (∼ 3.2 eV),
restricting absorption to ultraviolet light and
limiting solar energy utilisation (Usubharatana et
al., 2006). Graphitic carbon nitride (g-C₃N₄), a
visible-light-responsive metal-free semiconductor
with a bandgap of ∼ 2.7 eV, has attracted intensive
research attention as a more sustainable alternative
(Ong et al., 2016). When coupled with cerium
dioxide (CeO₂), which possesses exceptional
oxygen-storage capacity and redox flexibility, a
synergistic composite is formed that overcomes the
individual limitations of each material (Liang et al.,
2019). Deposition of platinum (Pt) as a noble

metal cocatalyst further amplifies performance
through Schottky junction formation and
concentrated electron trapping at active sites
(Tasbihi et al., 2018).
This review examines the synthesis,
characterisation, mechanistic understanding, and
photocatalytic performance of the g-C₃N₄/CeO₂/Pt
ternary system for CO₂ reduction, drawing on the
MPhil research of Mahrukh (2024) at Riphah
International University and the broader literature.

2. Principles of Photocatalytic CO₂
Reduction
2.1 Fundamental Mechanism
Photocatalytic CO₂ reduction proceeds via
absorption of photons with energy ≥ the
semiconductor bandgap, exciting electrons from
the valence band (VB) to the conduction band (CB)
and creating electron–hole pairs (Shimura and
Yoshida, 2011). The photogenerated electrons
reduce CO₂ adsorbed on the catalyst surface, while
holes oxidise water or sacrificial reagents. Multiple
reduction products are thermodynamically
accessible, including CO, HCOOH, CH₂O,
CH₃OH, and CH₄, each requiring different
numbers of electrons and protons (Vijayaraghavan
and Ashok, 2022).
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Figure 1. Schematic of the photocatalytic CO₂ reduction mechanism showing light absorption, charge-carrier generation and
separation, and surface redox reactions.

2.2 Key Challenges
Despite its promise, photocatalytic CO₂ reduction
faces several challenges. CO₂ is chemically inert,
with a strong C=O bond (750 kJ/mol), requiring
substantial activation energy (Xu et al., 2023).
Rapid electron–hole recombination in most
semiconductors severely limits quantum efficiency
(Clarke and Durrant, 2010). Selectivity control is
difficult because CO₂ reduction is a multi-electron,
multi-proton process with numerous competing
pathways. Furthermore, CO₂ adsorption on catalyst
surfaces is often insufficient owing to low surface
areas and poor surface basicity (Mo et al., 2019).
Composite catalyst engineering addresses all four
limitations simultaneously.

3. Photocatalyst Materials
3.1 Graphitic Carbon Nitride (g-C₃N₄)
g-C₃N₄ is a two-dimensional polymeric
semiconductor constructed from carbon and
nitrogen atoms arranged in layered heptazine units
linked by tertiary nitrogen bridges (Ong et al.,
2016). Its conjugated network facilitates efficient

charge-carrier transport, while a bandgap of ∼ 2.7
eV enables visible-light absorption across a
substantial fraction of the solar spectrum (Jia et al.,
2020). High chemical and thermal stability allows
operation under harsh conditions without
degradation (Balakrishnan and Chinthala, 2022). g-
C₃N₄ is non-toxic and synthesisable from abundant
precursors such as urea or melamine by simple
thermal polycondensation, satisfying green-
chemistry principles (Reddy et al., 2019).
Pristine g-C₃N₄, however, suffers from a relatively
low surface area that limits CO₂ adsorption, rapid
charge-carrier recombination, and restricted
product selectivity. Chen et al. (2022)
demonstrated that g-C₃N₄ undergoes self-
decomposition during gas–solid photocatalytic
CO₂ reduction, generating CO and CO₂ as
artefacts that can confound product quantification.
These limitations motivate heterojunction and
cocatalyst strategies (Wang et al., 2022; Prasad et al.,
2023).

3.2 Cerium Dioxide (CeO₂)
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CeO₂ (ceria) is a rare-earth metal oxide widely
applied in catalysis owing to its outstanding redox
properties and oxygen-storage capacity. The
reversible Ce³⁺ ↔Ce⁴⁺ cycling enables ceria to
store and release oxygen ions, promoting both

oxidation and reduction reactions (Montini et al.,
2016). CeO₂ crystallises in a fluorite-type cubic
structure; intrinsic oxygen vacancies in this
framework serve as active sites for CO₂ adsorption
and activation (Su et al., 2020).

Figure 2. Cerium dioxide nanoparticle synthesis via precipitation at constant pH (Shlapa et al., 2022).

Although CeO₂ alone displays limited
photocatalytic activity for CO₂ reduction owing to
its wide bandgap (∼ 3.2 eV), its exceptional oxygen-
storage capacity, abundant surface hydroxyl groups,
and surface-defect chemistry make it an
outstanding complementary component in
composite photocatalysts (Sahu et al., 2023). CeO₂
is also thermally stable, inexpensive, and non-toxic,
supporting its practical deployment (Yang et al.,
2019).

3.3 The g-C₃N₄/CeO₂ Composite

The g-C₃N₄/CeO₂ composite exploits the
complementarity of both materials (Wei et al.,
2021). Band alignment at the heterojunction drives
interfacial electron transfer from the g-C₃N₄ CB to
CeO₂, while holes remain in the g-C₃N₄ VB,
spatially separating charge carriers and suppressing
recombination (Darkwah and Oswald, 2019).
Visible-light sensitisation by g-C₃N₄ compensates
for CeO₂’s wide bandgap, while oxygen vacancies
of CeO₂ furnish Lewis-acid sites for CO₂
adsorption and activation (Liang et al., 2019).
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Figure 3. Schematic of g-C₃N₄/CeO₂ composite synthesis and formation mechanism (Lu, Wang and Wang, 2021).

Multiple heterojunction architectures have been
reported. Qiao et al. (2018) demonstrated direct Z-
scheme charge transfer in hierarchical g-
C₃N₄/CeO₂, achieving methylene blue degradation
30.8 times faster than bulk g-C₃N₄. Xie et al. (2022)
constructed 1D/2D CeO₂ nanotube/g-C₃N₄ Step-
scheme heterojunctions, where oxygen vacancies
enhanced photoresponse and charge separation.
More recently, Wang et al. (2024) reported a built-
in electric field-assisted 2D/1D S-scheme
heterojunction achieving highly selective CO₂
photoreduction. These collective findings establish
the g-C₃N₄/CeO₂ platform as exceptionally
versatile.

3.4 Platinum (Pt) as a Cocatalyst
Pt is widely regarded as the most effective noble-
metal cocatalyst for photocatalytic reactions (Cao et
al., 2017). When deposited on a semiconductor, Pt
nanoparticles form Schottky junctions at the
metal–semiconductor interface. The resulting
Schottky barrier drives unidirectional electron
transfer from the semiconductor to Pt, significantly
enhancing charge separation (Bedin et al., 2020).
Pt also lowers the activation energy for key
elementary steps in CO₂ reduction, including CO₂
adsorption, C–O bond weakening, and product
desorption (Xia et al., 2021).
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Figure 4. Mechanisms of cocatalysts in photocatalysis illustrating Schottky junction electron-transfer pathways (Maeda, 2011).

Tasbihi et al. (2018) demonstrated that 1.5 wt% Pt
loaded on mesoporous g-C₃N₄ yielded 13.9
μmol/gₙ ₐₜ of CH₄ over 18 h under UV light, 32
times greater than commercial TiO₂ P25,
attributing the gain to reduced Fermi-level energy
in the Pt–g-C₃N₄ hybrid and suppressed electron–
hole recombination. Li et al. (2021) showed that
controlled Pt/Au cluster loading on red g-C₃N₄

nanosheets via mechanical-chemical pre-reaction
produced H₂ at 4.82 μmol/g/h and CH₄ at 5,057
μmol/g/h, with Z-scheme heterostructure
formation identified as the primary driver. The
high cost of Pt motivates ongoing research into
earth-abundant alternatives, yet Pt remains the
performance benchmark (Ling et al., 2022).

Figure 5. Pt incorporation into g-C₃N₄/CeO₂ composites showing Schottky junction formation and electron-transfer pathways (Li et
al., 2021).

4. Survey of Related Literature
Tasbihi et al. (2018) investigated mesoporous
polymeric g-C₃N₄ loaded with Pt nanoparticles for
CO₂ photoreduction to CH₄ under UV irradiation.
At 1.5 wt% Pt, CH₄ yield reached 13.9
μmol/gₙ ₐₜ over 18 h, surpassing pure g-C₃N₄
twofold and TiO₂ P25 by a factor of 32. The
enhanced performance was attributed to improved
interfacial electron transfer from g-C₃N₄ to Pt,
confirmed by photoelectrochemical studies
showing lower Fermi-level energy in the hybrid
system.

Rashid et al. (2018) reported a ternary g-
C₃N₄/CeO₂/Fe₃O₄ electrocatalyst for complete
water splitting in 1.0 M KOH. The composite
achieved OER and HER at overpotentials of 310
mV and 400 mV, respectively, with benchmark
current density of 10 mA cm⁻ ², demonstrating
the versatility of g-C₃N₄/CeO₂-based
multicomponent systems beyond pure
photocatalysis.
Qiao et al. (2018) synthesised hierarchical Z-
scheme g-C₃N₄/CeO₂ heterojunctions by a
template-free calcination route. The material
achieved a methylene blue degradation rate
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constant of 0.246 h⁻ ¹ under visible light, 30.8
times faster than bulk g-C₃N₄, with the Z-scheme
charge-transfer mechanism confirmed by ab initio
calculations. This work established the structural
importance of hierarchical morphologies for
enhancing both light utilisation and charge-carrier
dynamics.
Tong et al. (2019) prepared the ternary CeCeCN
nanocomposite by reacting g-C₃N₄ with CeO₂ to
generate an in situ CeCO₃OH interlayer, achieving
H₂ evolution at 764 μmol h⁻ ¹ g⁻ ¹ 11 times
greater than either pure component. Enhanced
photocurrent density and reduced charge-transfer
resistance confirmed that heterojunction formation
was the primary driver of activity.
Liang et al. (2019) reported hollow
heterostructured g-C₃N₄@CeO₂ photocatalysts with
abundant oxygen vacancies for CO₂
photoreduction. The composite produced CO at
16.8 μmol/g, CH₃OH at 5.2 μmol/g, and CH₄ at
3.5 μmol/g under visible light, surpassing most g-
C₃N₄-based systems including those with noble-
metal cocatalysts. L-cysteine surface modification
introduced amine groups that significantly
enhanced CO₂ adsorption capacity, identified as a
critical performance factor.
Mo et al. (2019) fabricated nitrogen-rich g-C₃N₄
nanotubes with high surface areas by
supramolecular self-assembly. The porous, metal-
free photocatalyst achieved CO production at
103.6 μmol g⁻ ¹ h⁻ ¹ under visible light, 17 times
faster than bulk g-C₃N₄, demonstrating that
surface-area and Lewis-basic site engineering can
deliver high activity without noble-metal cocatalysts.
Han et al. (2019) developed a Ni/NiO/g-C₃N₄
chainmail cocatalyst system for photocatalytic CO₂
reduction, attaining a CO synthesis rate of 27.9
μmol g⁻ ¹ h⁻ ¹ nine times that of pure g-C₃N₄ at 3
wt% Ni/NiO loading. DFT calculations and in situ

FTIR clarified the molecular photocatalytic
mechanism, offering design principles for earth-
abundant cocatalysts as alternatives to Pt.
Li et al. (2021) synthesised phosphate-surface-
modified octahedral CeO₂/g-C₃N₄ (P-CeO₂/g-C₃N₄)
for CO₂ photoreduction. Phosphate bridges
between CeO₂ and g-C₃N₄ amino groups facilitated
Z-scheme electron transfer and furnished Lewis-
basic sites for CO₂ activation, yielding higher
activity than either unmodified CeO₂/g-C₃N₄ or P-
CeO₂ alone.
Aggarwal et al. (2021) reviewed ultrathin 2D g-
C₃N₄ nanosheets for CO₂ photoreduction,
highlighting the role of high surface-to-volume
ratio, greater surface active sites, shorter charge-
diffusion distances, and efficient bulk-to-surface
charge transfer. The review identified key gaps in
selectivity control and recommended integration
with transition-metal cocatalysts.
Wang et al. (2022) surveyed g-C₃N₄-based CO₂
photoreduction, categorising modification
strategies into four classes: doping, heterostructures,
co-catalysts, and morphological alteration. The
review benchmarked product yields and
selectivities, concluding that combined strategies
particularly heterojunction formation coupled with
cocatalyst loading deliver the highest performance
gains.
Heng et al. (2022) synthesised mesoporous g-C₃N₄
(MCN) with a large specific surface area and
demonstrated a measurable positive correlation
between CO₂ adsorption capacity and
photocatalytic CO₂ reduction activity. Adding Ag
particles further increased charge separation
efficiency, revealing the synergistic interplay
between adsorption-site engineering and electron-
trapping cocatalysts.
Xie et al. (2022) deposited oxygen-vacancy-rich
CeO₂ nanotubes (CeNT) onto g-C₃N₄ nanosheets
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to form 1D/2D S-scheme heterojunctions.
Addition of 28 mg CeNT markedly improved
photoresponse and charge-carrier separation, with
photocatalytic RhB degradation retaining activity
after four cycles. Reactive-species trapping
identified holes (h⁺ ) and superoxide radicals
(•O₂⁻ ) as the primary active species.
Jia et al. (2023) reviewed Z-scheme g-C₃N₄-based
heterojunction photocatalysts, emphasising their
high visible-light responsiveness, spatially separated
redox sites, and superior photocarrier separation.
Topics covered included 2D–2D coupling,
heteroatom doping, hierarchical microstructure
construction, and plasmonic enhancement, with
applications spanning CO₂ reduction, water
splitting, and pollutant degradation.
Wang et al. (2024) constructed a directional built-
in electric field-assisted 2D/1D g-C₃N₄/CeO₂ S-
scheme heterojunction, achieving efficient RhB
degradation and highly selective CO₂
photoreduction. The built-in field accelerated
interfacial charge transfer and minimised
recombination, representing the state-of-the-art in
heterojunction engineering for this material system.

5. Materials and Methods
5.1 Synthesis of g-C₃N₄
g-C₃N₄ was synthesised by thermal
polycondensation of urea as the nitrogen-rich
precursor (Balakrishnan and Chinthala, 2022).
Urea was placed in a covered alumina crucible and
heated in a muffle furnace at the designated
calcination temperature under ambient
atmosphere. Progressive deammoniation forms
cyanic acid, which polymerises through melamine
intermediates to yield the extended heptazine-based
polymer network. The resulting yellow powder was
collected, ground, and stored in a desiccator for
further use.

5.2 Synthesis of CeO₂

CeO₂ nanoparticles were prepared from cerium (III)
nitrate hexahydrate (Ce(NO₃)₃·6H₂O) by
controlled co-precipitation with sodium
bicarbonate as the precipitating agent (Shlapa et al.,
2022). The precipitate was filtered, washed with
deionised water, dried, and calcined to convert the
cerium carbonate/hydroxide precursor to
crystalline CeO₂. Calcination temperature and
duration were optimised to control crystallite size
and oxygen-vacancy concentration.

5.3 Composite and Pt-Cocatalyst
Preparation
Three g-C₃N₄/CeO₂ composites with increasing
CeO₂ content designated CeO₂-g-C₃N₄ (1), (2), and
(3) were prepared by wet impregnation in
dimethylcarbinol, followed by sonication and
solvent evaporation under mild heating. This
approach promotes intimate nanoscale contact
between components, essential for effective
heterojunction formation (Darkwah and Oswald,
2019). Pt was deposited by photoreduction from
chloroplatinic acid (H₂PtCl₆ ) under UV–vis
irradiation, placing Pt⁰ nanoparticles directly at
photocatalytically active surface sites (Cao et al.,
2017).

5.4 Photocatalytic CO₂ Reduction Testing
CO₂ reduction experiments were conducted in a
sealed photoreactor irradiated by a xenon lamp
(simulated solar light). Isotopically labelled ¹³CO₂
was used to confirm that detected carbon products
originated from CO₂ reduction and not catalyst
self-decomposition, an artefact documented for g-
C₃N₄ by Chen et al. (2022). Products (CO, CH₄,
H₂) were quantified by gas chromatography at
regular intervals over 20 sequential measurements
and five recycling cycles.

5.5 Characterisation
Powder XRD (crystallographic phases, Scherrer
crystallite sizes), FTIR (surface functional groups),
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TEM and SEM (nanoscale and microscale
morphology), UV–vis diffuse reflectance
spectroscopy (optical bandgap), and BET N₂

physisorption (surface area, pore structure) were
employed following established protocols (Tasbihi
et al., 2018; Wei et al., 2021).

Figure 6. UV-visible spectrophotometer used for optical characterisation of g-C₃N₄/CeO₂ composites.

6. Results and Discussion
6.1 X-Ray Diffraction Analysis
XRD provided critical structural evidence for
successful composite formation (Figure 7). Pristine
g-C₃N₄ exhibited a sharp peak at 2θ = 27.5°
attributed to the (002) interlayer stacking of the

graphitic planar structure, confirming high
crystallinity (Tan et al., 2015). CeO₂ displayed its
characteristic fluorite cubic pattern with a main
peak at 28° and secondary peaks at 33.5°, 47.5°,
and 52° corresponding to the (111), (200), (220),
and (311) reflections.

Figure 7. XRD spectra of g-C₃N₄, CeO₂, and CeO₂-g-C₃N₄ composites (samples 1–3).
All composite samples retained characteristic peaks from both components, confirming integration without
undesired phase reactions. CeO₂ peak intensity decreased systematically from sample (3) to (1), reflecting
decreasing CeO₂ content, while the dominant g-C₃N₄ peak persisted across all composites. Scherrer analysis
revealed a reduction in CeO₂ crystallite size from 48.5 nm (pure) to ∼ 30 nm in all composites, indicating
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that g-C₃N₄ inhibits CeO₂ grain growth during synthesis (Qiao et al., 2018). These findings are consistent
with Tan et al. (2015), who reported analogous peak patterns for g-C₃N₄/CeO₂ nanocomposites.

Table 1. XRD analysis of CeO₂-g-C₃N₄ composites and individual components
Material 2θ (deg) Intensity (a.u.) Observations

CeO₂-g-C₃N₄ (3) 28.4 565 Broad peak; small crystallite size or strain

33.2 382 Shoulder peak; possible secondary phase

CeO₂-g-C₃N₄ (2) 28.5 423 Similar position; lower intensity than (3)

CeO₂-g-C₃N₄ (1) 28.5 312 Further decrease in intensity

CeO₂ 28.5 198 Weakest CeO₂-related peak

g-C₃N₄ 27.4 412 Sharp intense peak; high crystallinity

6.2 FTIR Spectroscopic Analysis
FTIR spectra provided detailed functional-group
information (Figure 8). The g-C₃N₄ spectrum
showed characteristic C–N and C=N stretching

vibrations at 900, 1400, 1500, and 1700 cm⁻ ¹,
and N–H bending at 1600 cm⁻ ¹ (Tan et al., 2015).
A weak O–H stretching band at 3800 cm⁻ ¹
indicated surface hydroxyl groups.

Figure 8. FTIR spectra of g-C₃N₄, CeO₂, and CeO₂-g-C₃N₄ composites.
CeO₂ displayed O–H stretching at 3800 and 3400
cm⁻ ¹ from surface hydroxyl groups, with
additional peaks from carbonate and surface
cerium species. All three composite samples
showed uniform peak positions at 3400, 1700,
1600, 1500, 1400, and 900 cm⁻ ¹, confirming
consistent chemical composition and the

preservation of both component structures after
composite synthesis (Cui et al., 2020). This
uniformity indicates reproducible synthesis and
structural integrity of the carbon nitride framework.

6.3 Transmission and Scanning Electron
Microscopy
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TEM revealed pristine g-C₃N₄ as thin, silk-like
nanosheets with characteristic wrinkle morphology,
while isolated CeO₂ appeared as ∼ 20 nm
nanoparticles with well-defined boundaries (Qiao
et al., 2018). In the nanocomposites, CeO₂
nanoparticles (50–100 nm) were observed

decorating the g-C₃N₄ nanosheets, indicating some
agglomeration during composite formation but
maintaining the intimate contact required for
effective heterojunction charge transfer (Huang et
al., 2020).

Figure 9. SEM analysis of g-C₃N₄/CeO₂ nanocomposite: (a) lamellar g-C₃N₄ structure; (b) CeO₂ nanoparticles (50–100 nm)
deposited on g-C₃N₄ surface (Mahrukh, 2024).

SEM confirmed that pure g-C₃N₄ presented
irregular particles with a lamellar morphology,
whereas the composites showed clear
morphological transformation with CeO₂
nanoparticles deposited on the g-C₃N₄ surface,
creating a distinct heterostructure (Ye et al., 2023).
This structural arrangement is essential for
promoting interfacial charge-transfer kinetics,
consistent with the enhanced photocatalytic
activity observed in heterojunction systems (Xie et
al., 2022).

6.4 CO₂ Photoreduction Performance

Photocatalytic performance was evaluated over 20
sequential measurement points (Figure 10) and five
recycling cycles (Figure 11). CH₄ production
remained stable at ∼ 30 μmol/g/h across all
catalyst formulations, while H₂ averaged ∼ 35
μmol/g/h, demonstrating consistent and
reproducible photocatalytic activity (Umekar et al.,
2023). CO₂ conversion rates (measured as CO₂
consumption) showed greater variability, peaking
below 10 μmol/g/h, consistent with the greater
complexity of multi-electron CO₂ activation (Xu et
al., 2023).

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


ISSN (e) 3007-3138 (p) 3007-312X

1606

Figure 10. Impact of CeO₂ combination on g-C₃N₄ catalyst performance: production rates of CO₂, CH₄, and H₂ for different
catalyst formulations across 20 measurement points.

Cyclic-stability experiments confirmed excellent
reproducibility for CH₄ and H₂ over five cycles.
CeO₂-g-C₃N₄ (3) showed the highest peak CO₂
conversion rate (∼ 10 μmol/g/h in cycle 3),
consistent with its highest CeO₂ content providing

more active surface and oxygen-vacancy sites.
Sustained multi-cycle performance is a key practical
requirement, as catalyst deactivation through
poisoning or sintering limits real-world
applicability (Tasbihi et al., 2018).
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Figure 11. Evaluation of CeO₂-g-C₃N₄ catalyst performance over five consecutive CO₂ reduction cycles.
6.5 Concentration–Time Profiles

Figure 12. Product concentration as a function of time for CeO₂-g-C₃N₄ (3), showing progressive accumulation from 0 to 30 min.
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The concentration–time profile for CeO₂-g-C₃N₄ (3)
showed progressive product accumulation: 0 mM
at t = 0, rising to 0.0376 mM at 15 min and
0.05766 mM at 30 min (Liang et al., 2019). The
quasi-linear temporal dependence indicates zero-
order kinetics under the experimental conditions,
consistent with rate-limiting surface reactions
rather than mass-transfer constraints. This catalytic
activity profile confirms that the ternary system
successfully initiates and sustains the targeted
chemical reactions with good efficiency.

6.6 Surface Area and Crystallite Size

BET analysis revealed a dramatic increase in
specific surface area upon composite formation
(Table 2). Pure CeO₂ yielded only 9.45 m²/g,
whereas the composites reached 28.43, 32.54, and
36.65 m²/g for samples (1), (2), and (3),
respectively. This monotonic increase with g-C₃N₄
content reflects the high intrinsic surface area of
the two-dimensional g-C₃N₄ framework and
enhanced CO₂ adsorption capacity (Mo et al.,
2019). Concurrently, crystallite size decreased from
48.5 nm to ∼ 30 nm, indicating that g-C₃N₄ acts as
a dispersant inhibiting CeO₂ agglomeration (Guo,
2021).

Table 2. Crystallite size and BET surface area of CeO₂ and CeO₂-g-C₃N₄ composites with Pt cocatalyst
Sample Crystallite Size D (nm) BET Surface Area (m²/g)

CeO₂ 48.5 9.45

CeO₂-g-C₃N₄ (1) 31.32 28.43

CeO₂-g-C₃N₄ (2) 30.15 32.54

CeO₂-g-C₃N₄ (3) 30.03 36.65

7. Mechanistic Insights
Under visible-light irradiation, g-C₃N₄ is
preferentially photoexcited owing to its 2.7 eV
bandgap, generating electron–hole pairs (Ong et al.,
2016). Band alignment between g-C₃N₄ and CeO₂
drives interfacial electron transfer from the g-C₃N₄
CB to CeO₂, while holes remain in the g-C₃N₄ VB,
spatially separating charge carriers. Alternatively, a
Z-scheme mechanism in which CeO₂ CB electrons
recombine with g-C₃N₄ VB holes preserves the
strongest reductants and oxidants at each
semiconductor, as reported by Qiao et al. (2018)
and Li et al. (2021).
The Pt cocatalyst creates Schottky barriers at the
Pt–semiconductor interfaces, efficiently trapping
electrons and accumulating them at Pt active sites
for CO₂ reduction and H⁺ reduction to H₂
(Bedin et al., 2020). The local surface plasmon

resonance of Pt nanoparticles may additionally
contribute to light harvesting and hot-electron
injection, further enhancing visible-light utilisation
(Ling et al., 2022).
Oxygen vacancies in CeO₂ serve dual roles: Lewis-
acid CO₂ adsorption sites that concentrate the
reactant near active centres, and facilitators of
Ce³⁺ /Ce⁴⁺ redox cycling essential to the
catalytic mechanism (Su et al., 2020). The basic
nitrogen sites in g-C₃N₄ contribute additional CO₂
capture capacity through acid–base interactions
(Mo et al., 2019). The enlarged BET surface area of
the composites provides more accessible sites for
both CO₂ adsorption and catalytic reactions,
explaining the observed activity trend of CeO₂-g-
C₃N₄ (3) > (2) > (1) > pure g-C₃N₄ (Liang et al.,
2019; Wang et al., 2022).
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8. Conclusions and Future
Perspectives
This review has examined the synthesis,
characterisation, and photocatalytic CO₂ reduction
performance of g-C₃N₄/CeO₂ composites
deposited with Pt as a cocatalyst. The key
conclusions are as follows:
(1) Successful composite synthesis was confirmed
by multiple characterisation techniques. XRD
revealed preserved crystal structures of both
components, FTIR confirmed functional-group
retention, and TEM/SEM demonstrated the
deposition of CeO₂ nanoparticles (50–100 nm) on
g-C₃N₄ nanosheets forming a heterostructured
interface (Mahrukh, 2024).
(2) Composite formation significantly enlarged the
BET surface area from 9.45 m²/g (pure CeO₂) to
36.65 m²/g for CeO₂-g-C₃N₄ (3), with concurrent
reduction in crystallite size from 48.5 to ∼ 30 nm.
These structural changes directly improve CO₂
adsorption capacity and accessible active-site
density (Guo, 2021).
(3) Stable CH₄ (∼ 30 μmol/g/h) and H₂ (∼ 35
μmol/g/h) production was maintained across five
cycles, with CeO₂-g-C₃N₄ (3) showing the most
active CO₂ conversion performance, consistent
with its highest CeO₂ content and BET surface
area (Tasbihi et al., 2018; Umekar et al., 2023).
Future research should focus on: (i) optimising g-
C₃N₄:CeO₂ ratio and Pt loading to maximise
selectivity toward specific products; (ii) developing
earth-abundant cocatalysts (e.g., Ni, Cu-based) to
reduce cost (Han et al., 2019; Ling et al., 2022); (iii)
in situ spectroscopic mechanistic studies; and (iv)
scale-up with renewable solar energy. The g-
C₃N₄/CeO₂/Pt system represents a promising
platform for sustainable CO₂ valorisation meriting
continued investigation.
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