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C/N/CeO2/Alpha-Fe2O3 Doped Mesoporous Carbon as A Photocatalyst

Material for Hydrogen Gas Production by Water Splitting Method
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Abstract:  This  study focuses  on hydrogen  production  through a water-splitting  photocatalytic  reaction
using solar  energy and an additional  semiconductor  material  C/N/CeO2/α-Fe2O3 as  a photocatalyst.  The
semiconductor material C/N/CeO2/α-Fe2O3 underwent thorough characterization via FTIR, FESEM-EDX, XRD,
N2 adsorption-desorption,  and  UV-Vis-DRS  analysis.  Subsequently,  photocatalytic  activity  tests  were
conducted  to  measure hydrogen production  levels  for  varying weight percentages  of  C/N/CeO2/α-Fe2O3,
including  0%,  10%,  and  15  mass% of  the  C/N component.  Results  showed that  the  material  with  0%
variation produced 2.21 μmol/gram of hydrogen gas (1 hour) and 17.58 μmol/gram (after 3 hours), while the
10% variation yielded 4.52 μmol/gram (1 hour) and 19.08 μmol/gram (after 3 hours). These findings suggest
that  the  C/N/CeO2/α-Fe2O3 material  containing  10% C/N may offer  the most  optimal  performance  as  a
photocatalyst for hydrogen production.
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1. INTRODUCTION

According  to  British  Petroleum's  statistical
evaluation  of  the  world  energy  in  2021,  in  2020,
83%,  12.6%,  and  6.3%  of  the  world's  energy
consumption came from fossil fuels, nuclear energy,
and renewable energy sources (mostly solar, wind,
and water). Increased demand has led to increased
use of fossil  energy sources, which has led to the
depletion  of  fossil  energy  reserves  (1).  Therefore,
every country in the world must immediately initiate
a  significant  energy  transition  to  address  future
environmental and economic challenges (2).

Hydrogen  is  considered  one  of  the  primary
candidates  to  meet  future  energy  needs  (3-5).
Hydrogen is classified into three types: gray, green,
and blue. Gray hydrogen, the most prevalent type
currently, is derived from natural gas with high CO2
emissions. Green hydrogen is produced from water
using renewable energy sources,  emitting no CO2.
Blue  hydrogen  is  akin  to  gray  hydrogen  but
incorporates  CO2 capture  and  storage  (6).  Green
hydrogen  as  an  alternative  fuel  for  the  shipping
industry  (7).  One  of  the  challenges  in  utilizing
hydrogen (H2) as future energy is to produce it from

clean sources  (8).  Hydrogen production  is  divided
into conventional and renewable technologies, with
conventional  methods  relying  on  fossil  fuel
processing like steam reforming,  partial  oxidation,
and  auto-thermal  reforming,  while  renewable
technologies  focus  on  sources  such  as  water  or
biomass (9). 

Water splitting is a promising method for producing
hydrogen  from a  clean  source  (10).  This  method
offers  both  environmental  and  economic  benefits
over  water  electrolysis,  utilizing  solar  energy  to
produce  hydrogen  with  high  conversion  efficiency
through  a  clean  energy  approach,  thus  avoiding
greenhouse  gas  emissions  (11).  The  process  of
water splitting involves harnessing one of the most
abundant,  clean, and limitless resources available.
When the energy used to separate water is derived
from renewable or low-carbon sources, the resulting
hydrogen is known as green hydrogen (12).

The  photocatalytic  process  of  water  splitting
requires  a  semiconductor  as  the  primary  catalyst
that uses light energy, particularly sunlight, to split
water  molecules  into  hydrogen  and  oxygen.
Semiconductors  as  catalysts  are  essential  in
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capturing  light  energy,  stimulating  water
degradation,  and  facilitating  these  chemical
reactions (13). Therefore, the semiconductors are a
must to synthesize for these reactions to work.

The  semiconductor  commonly  used  in  photo-
catalytic  applications  is  titanium  dioxide  (TiO2)
because  of  its  excellent  optical  and  electronic
properties,  high  chemical  stability,  low  cost,  non-
toxic,  and environmentally  friendly (14).  However,
one of the main weaknesses of TiO2 is that the band
gap  is  relatively  large,  3.2  eV,  which  means  that
TiO2 only absorbs ultraviolet (UV) light and a small
fraction of  visible light (15).  In addition,  the rapid
recombination  between  electrons  (e-)  and  holes
(hole, h+) leads to the loss of  energy that can be
used  to  trigger  the  desired  chemical  reaction,
thereby  reducing  the  efficiency  of  photocatalysis
(16).

The α-Fe2O3 material (ferric oxide or hematite) is a
material that has the potential  as a photocatalytic
semiconductor material (17). Hematite has a band
gap width of 2.1 eV, which is smaller than TiO2, the
ability  to  generate  electron-hole  pairs  when
exposed to light, and chemical stability suitable for
various  reaction  environments  (18).  An  Organic
Structure-Directing Agent (OSDA) in synthesizing α-
Fe2O3 is an approach to align the alpha structure.
Methylene blue acts as a template molecule in the
synthesis of α-Fe2O3 photocatalyst and as a target of
aromatic compounds in photocatalytic degradation.
However,  α-Fe2O3 has  a  high  recombination  rate
because it has a concise hole diffusion path (around
2–4 nm) as  well  as  a low oxidation  ability,  which
leads  to  a  reduction  in  the  amount  of  hydrogen
without reducing the coke rate (19).  To solve the
laxity  of  α-Fe2O3,  active  materials  with  a  large
surface area are needed. One approach is to dope
α-Fe2O3 with other materials. Doping is one of the
most  crucial  modification  strategies  to  adjust  the
band gap of existing photocatalysts and reduce the
carrier recombination rate (20).

Cerium oxide (CeO2) is widely used in photocatalysis
because it is an electron acceptor and can facilitate
oxidation-reduction  reactions  (21).  CeO2 material
exhibits chemical stability in various environments
and  energy  conversion  efficiency  in  various
photocatalytic  applications.  Its  advantage  lies  in
cerium's ability to absorb oxygen, which allows it to
release oxygen in reducing conditions and store it
when it fills the oxygen space in oxidizing conditions
(22). CeO2 materials are commonly combined with
other semiconductors and surface modifications to
improve  performance  in  solar  energy  conversion
and photocatalytic reactions (23).

The presence of lattice oxygen, oxygen vacancies,
or defects in the crystal lattice of a material such as
CeO2 can play an important  role in  photocatalytic
performance  (24).  More  oxygen  vacancies  in  the
CeO2 lattice  generally  increase  its  ability  to
participate in redox reactions such as Ce4+/Ce3+ and
Fe2+/Fe3+.  This  increases  its  reactivity  and
photocatalytic performance. However, care must be
taken to ensure that chemical reactions do not lead
to  undesirable  side  effects  (25).  A  practical
approach  to  minimize  the  side  effects  caused  by

lattice  oxygen  is  to  modify  the  photocatalyst
material (26).

Nitrogen and carbon doping can help  reduce  side
effects  that  can  occur  due  to  the  presence  of
oxygen vacancies  in  materials  such as CeO2.  This
can improve  the  control  and stability  of  chemical
reactions  (27).  Doping  carbon  with  nitrogen  has
been shown to improve photocatalytic performance
by  promoting  charge  delocalization  and  surface
modification  of  carbon.  Combining  these  two
dopants in CeO2 makes properties more suitable for
applications such as photocatalysis (28).

In this research, the α-Fe2O3 photocatalyst material
was  modified  with  C/N/CeO2,  resulting  from
modifying CeO2 with N-doped carbon. The materials
C/N/CeO2 and  C/N/CeO2/α-Fe2O3 were  synthesized
via  the  hydrothermal method.  The  hydrothermal
method has been chosen because this method can
be conducted in mild operating conditions and the
crystallite size and purity can be controlled (29-30)
The  resulting  C/N/CeO2/α-Fe2O3 composite  was
confirmed by a series of characterizations, including
UV-Vis  diffuse  reflections  measurement  to
determine  band  gap  energy,  X-Ray  diffraction  for
knowing structure and crystal phase of the material,
Fourier-Transform  Infra-Red  spectroscopy
measurement find the functional groups of material,
Field  Emission  Scanning  Electron  Microscopy  for
explain surface morphology dan atom distribution,
GC-TCD  to  analyze  the  components  of  complex
mixtures  and  detect  all  molecules  including
hydrogen, which is then followed by a photocatalytic
effectiveness  test,  and  N2 adsorption-desorption
isotherm  to  find  out  surface  area  and  pore
distribution.  In addition to these characterizations,
photocatalytic activity tests were also carried out to
determine the evolution of the hydrogen produced.
Modifying  α-Fe2O3 with  C/N/CeO2 is  expected  to
increase  the  photocatalytic  activity,  thermal  and
chemical  stability,  and  surface  area  of  the
photocatalyst  material.  The  large  surface  area  of
the  photocatalyst  material  creates  active  centers,
which  also  increases  hydrogen  production.
Hopefully,  this  research  can  provide  alternatives
and scientific references to photocatalytic materials
that  are  effectively  used  for  hydrogen  production
through water splitting.

2. EXPERIMENTAL SECTION

2.1. Materials
The material  used in this  research was cerium(III)
nitrate  hexahydrate  Ce(NO3)2⋅6H2O  (99.8%  Sigma-
Aldrich),  iron  (III)  chloride  FeCl3 (99%,  Merck),
methylene  blue  (99  %,  Merck),  ethanol  (99.9%,
Merck),  N2 gas  (>99.99%,  UHP),  glycine  (99%,
Sigma-Aldrich), ammonium hydroxide NH4OH (25%,
Merck),  distilled water (H2O), urea CO(NH₂)₂ (99%,
Merck),  500  mesh  commercial  activated  carbon,
sodium  hydroxide  NaOH  (99.9%,  Merck)  and
methanol (99.9%, Merck).

2.2. Synthesis of Nitrogen-Doped Mesoporous
Activated Carbon (C/N)
5.04  g  of  commercial  activated  carbon  was
purchased  and  used  without  any  purification  and
was added to 250 mL of 2 M urea solution made
from  CO(NH₂)₂  and  distilled  water  stirred  with  a
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magnetic stirrer at 35 °C for 24 hours. The samples
were then dried at  105  °C for  6  hours.  After  the
sample was dried, it was activated in a tube furnace
supplied with N2 gas at a temperature of 450 °C for
50 minutes.

2.3. Synthesis of C/N-doped CeO2 (C/N/CeO2)
The  synthesized  N-doped  mesoporous  activated
carbon  was  then  grouped  with  weight  percent
variations of 10 and 15 mass%. Each was added to
10 mL of  distilled  water  by ultrasonication  for  30
minutes  until  a  black  suspension  was  obtained.
Afterwards, 15 mL of a 0.1 M (Ce(NO3)3⋅6H2O) was
added to the suspension and stirred with a magnetic
stirrer for 15 minutes. Then, 2 M NaOH was added
dropwise to the mixture until the pH reached 10-12.
The mixture was stirred with a magnetic stirrer for
one hour. The sample was placed in a hydrothermal
autoclave at 180 °C for 24 hours. The hydrothermal
results were decanted, and then the precipitate was
dried in an oven at 60 °C for 12 hours.

2.4. Synthesis of α-Fe2O3
The synthesis  of  the α-Fe2O3 material  was carried
out  by  dissolving  0.41  g  of  glycine,  0.025  g  of
methylene blue, and 5.04 g of FeCl3⋅6H2O in 10 mL
of distilled water and stirring with a magnetic stirrer
for 30 min. Add 5 mL of NH4OH to the solution while
stirring again. After adding NH4OH, the solution was
placed in a hydrothermal autoclave and heated at
160 °C for 10 hours. The mixture resulting from the
hydrothermal  process  is  left  to  stand  at  room
temperature  and  then  decanted  to  separate  the
filtrate and sediment.  The resulting brick-red solid
was  then  centrifuged  using  distilled  water  and
ethanol as solvent to remove impurities. Then, the
centrifugation  results  were  decanted  again  to
remove the precipitate and dried at 80 °C for six
hours. The solid was then calcined under N2 gas at
450 °C for three hours.

2.5. Synthesis of C/N/CeO2/α-Fe2O3
After obtaining the C/N/CeO2 and α-Fe2O3 materials,
the  synthesis  of  C/N/CeO2/α-Fe2O3 was  continued
using a hydrothermal process with variations (0, 10,
and 15 mass%).  A total  of  0.33 grams of N/CeO2-
doped mesoporous carbon composite was dissolved
in  7.5  mL  of  distilled  water  and  stirred  for  30
minutes. Then, 0.65 grams of α-Fe2O3 was dissolved
in  20.3  mL  of  distilled  water  and  added  to  the
N/CeO2 mixture. The mixture was stirred for 1 hour.
The  obtained  samples  were  placed  in  a
hydrothermal  autoclave and heated at  140 °C for
five hours and then left at room temperature. The
solid  obtained  at  the  end  of  the  synthesis  is
C/N/CeO2/α-Fe2O3  as the photocatalyst material with
0, 10, and 15 mass% compositions C/N. The higher
the weight percentage of C/N added, the darker the
product  color  obtained.  The  mass  of  products
produced  includes  C/N/CeO2/α-Fe2O3 0  mass%,
C/N/CeO2/α-Fe2O3 10  mass% and  C/N/CeO2/α-Fe2O3
15 mass% in order are 0.4478; 0.4432; and 0.4452
grams.

2.6. Material Characterization
Several  instruments  were  used  to  characterize
C/N/CeO2/α-Fe2O3 such as Fourier Transform Infrared
Spectrophotometer (FTIR, Shimadzu, v = 400-4000
cm-1), Field Emission Scanning Electron Microscopy
with Energy Dispersive X-ray Spectroscopy (FESEM-

EDX,)  and  X-Ray  Diffraction  (XRD,  2θ  =  20-90°)
where  these  three  instruments  are  used  to
determine the structure properties of the material.
Brunauer-Emmett-Teller  (BET)  and  Barrett  Joyner
Halenda (BJH) are used to obtain the surface area
and  the  pore  size  of  the  material,  UV-Vis  Diffuse
Reflectance  spectrophotometer  (UV-DRS,  Agilent
Cary 60, λ = 200-800 nm) is used to analyze the
band gap of the material.

2.7. Photocatalytic Activity Test
The  photocatalytic  activity  test  was  conducted  in
the  Centre  of  Advanced  Material  and  Energy
Sciences,  Universiti  Brunei  Darussalam,  Brunei
Darussalam. Osram Powerstar lamp was employed
as a light source. A 20 mg of catalyst was dispersed
in  a  25  mL  aqueous  solution  containing  20%  of
methanol.  To provide visible light,  a UV filter  was
conducted  during  irradiation.  An  irradiation
chamber, Opsytec BS-02, was used to have a stable
temperature  and  light  intensity.  The  temperature
inside the irradiation chamber was measured during
the photocatalytic reaction at  ∼40–50 °C. The light
intensity  was  measured  using  LI-COR  light  meter
Model  LI-250A.  The  hydrogen  production  was
collected  by  gas  syringe  after  1-hour  and  3-hour
irradiation. The collected gas was then analyzed via
gas  chromatography,  Shimadzu  GC-2014,  with  a
thermal conductive detector (TCD).

3. RESULTS AND DISCUSSION

The  FTIR  spectrum  of  activated  carbon  and  the
synthesis results of nitrogen-doped activated carbon
in Figure 1a show that the absorption peak at wave
number  1078  cm-1 is  associated  with  the  C=O
group, and the peak at 1539 cm-1 is associated with
the  stretching  of  the  C-OH  single  bond.  After
nitrogen doping, the absorption peak shifted red to
1026 and 1537 cm-1. This shows that the structure
of  the  mesoporous  carbon  changed  with  the
addition of nitrogen. The particular band peak still
present after N-doped carbon indicates no damage
from urea impregnation (24).

After the nitrogen-doped activated carbon material
(C/N)  was  obtained,  the  material  was  doped  with
CeO2 in  variations  of  0,  10,  and  15  mass%.  The
addition  of  CeO2 doping  to  C/N  Figure  1b  gives
several absorption bands which are 450 cm-1, 1360
cm-1,  1640  cm-1, and  3470  cm-1.  The  absorption
bands 474 and 484 cm-1 indicate the presence of
stretching vibrations in CeO2, the absorption at 1643
cm-1 indicates the presence of bending bonds (H-O-
H),  and  the  absorptions  at  3475  and  3473  cm-1

indicate the presence of -OH bonds caused by water
absorption  during  the  synthesis  process.  The
specified  variations  affect  the  spectra  results,  as
indicated by differences in peak sharpness in each
spectrum.  In  Figure  1c,  you  can  see  the
characterization  results  of  the  C/N/CeO2/α-Fe2O3
material for variations of 0, 10, and 15 mass%. of
the C/N weight. The absorption bands 484 and 580
cm-1 show the characteristic  properties  of  α-Fe2O3
and CeO2 compounds. The absorption at 1637 cm-1

indicates the presence of the C-N functional group.
Based  on  the  characterization  results,  the
C/N/CeO2/α-Fe2O3 material  varies  in  0,  10,  and 15
mass%. was successfully synthesized.
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(a)

(b)

(c)

Figure 1: (a) FTIR results of activated carbon and nitrogen-doped activated carbon and (b) FTIR results of
C/N/CeO2 10 and 15 mass%., and FTIR results of α-Fe2O3 and (c) C/N/CeO2/α-Fe2O3 (0, 10 and 15 mass%).

Results  of  FESEM-EDX  characterization  of  C/N,  α-
Fe2O3, and C/N/CeO2/α-Fe2O3  materials at 10 mass%
and its morphology can be observed in Figures 2a,
b,  and  c.  The  FESEM  results  of  the  C/N  material
showed  porous  structural  morphology  and  many
small  particles  around  the  pores  caused  by  the

carbonization process (29). The EDX results of C/N
show the distribution of C atoms in red, O atoms in
green, and N atoms in orange. The distribution of
elements  and  morphology  indicate  that  N-doped
mesoporous  carbon  was  successfully  synthesized.
The FESEM characterization results of α-Fe2O3 show
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that the material's morphology is hollow and porous
due to the addition of the structure-directing agent
methylene  blue.  After  doping,  the  FESEM  results
show C/N/CeO2/α-Fe2O3 10 mass%. Shows that the
morphology  of  the  initially  porous  material  was
covered  by  dopant  material.  This  is  because  the

addition of C/N causes the pores to be closed by the
catalyst.  EDX  results  of  α-Fe2O3 and  C/N/CeO2/α-
Fe2O3 materials  at  10  mass%.  The  difference  in
atom distribution lies in the blue Ce atoms and the
red C atoms in C/N/CeO2/α-Fe2O3 10 mass%.

    
   (a)                                          (b)                                             (c)

Figure 2: (a) FESEM-EDX C/N (b) Fesem-EDX α-Fe2O3 and (c) FESEM-EDX C/N/CeO2/α-Fe2O3.

The sample diffractogram results were monitored at
an angle of 2θ from the range (20–90) using a Cu Kα
light  source  (λ  =  1.54060  Å).  The  results  of  the
diffractogram  pattern  of  C/N/CeO2/α-Fe2O3 (0,  10
and 15 mass%) shown in Figure 3  show that  the
sample  results  have  a  hematite  phase  with  a
diffraction peak of 2θ = 33.2; 35.7; 40.9; 49.7; 54.3;
62.4; and 64° with Miller indices (1 0 4), (1 1 0), (1 1
3), (0 2 4), (1 1 6), (2 1 4), (3 0 0) from the JCPDS
database code (84–0311) (20). In addition, Figure 3
shows the crystalline phase diffraction peaks 2θ =
47.6 and 56.5°, which correspond to the Miller index

(2 2 0), (3 1 1) from the JCPDS database code (34-
0394),  indicating  this,  that  the  peak  nano-large
formations were formed from the pure cubic CeO2
phase (30). The diffractogram results at diffraction
peak  2θ  =  28.6°  showed  that  nitrogen-doped
mesoporous  carbon  in  the  diffractograms  of
C/N/CeO2/α Fe2O3 (10 mass%) and C/N/CeO2/α-Fe2O3
(15 mass%), while the diffractogram of C/N/CeO2/α-
Fe2O3 (0 mass%) does not contain a diffraction peak
at 2θ = 28.6°. Based on the characterization results,
the C/N/CeO2/α-Fe2O3 material varies between 0, 10,
and 15 mass%. was successfully synthesized.

Figure 3: Diffractogram results of C/N/CeO2/α-Fe2O3 (0, 10 and 15 mass%).

The  nitrogen  adsorption-desorption  isotherm  was
measured  at  -195.85  °C.  The  samples  were
prepared under vacuum conditions (10-4 Torr) at a
temperature  of  150  °C.  The  surface  area  is
calculated from the adsorption isotherm branch by
applying the BET equation using a single point. The
pore size distribution was estimated using the BJH
method from the desorption branch. The results of
C/N nitrogen adsorption-desorption characterization
showed a BET surface area of 203.84 m2 /g with a

pore size of 4.95 nm, as shown in Figure 4a. Figure
4b shows the C/N sample has an H4 hysteresis-type
loop.  These results  indicate  that  the C/N material
has a mesoporous structure. The desorption branch
for  H4 hysteresis-type  pores  at  low  P/Po  0.1
indicates that the desorption branch is not closed.
This  shows  that  the  desorption  process  does  not
reach the same level as the adsorption process. The
pores  remain  partially  filled  after  the  desorption
process is complete (29).
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          (a) (b)

Figure 4: (a) C/N nitrogen adsorption-desorption isotherm and (b) pore size distribution.

UV-Vis  DRS  tests  provide  information  in  a
wavelength spectrum versus R or reflectance (%).
The band gap energy is obtained by converting the
R%  to  the  Kubelka-Munk  factor  (31).  Materials
exposed  to  photons  partially  absorb,  reflect,  and
transmit bandgap energy. The results of the UV-Vis
DRS test  show that  the  more C/N  present  in  the
photocatalyst material, the less energy is required.
Based  on  the  Kabelka-Munk  relationship  with

energy, the photocatalyst material varies by 0 mass
%. Figure 5a, C/N has a band gap energy of 1.98 eV
and a variation of 10 mass%. Figure 5b has a band
gap energy of 1.9 eV while at a variation of 15 mass
%. Figure 5c produces a band gap energy of 1.69
eV. These results suggest that the variation ranges
from 0 to 15 mass %. With the C/N composition, the
resulting  band  gap  energy  decreases  and  moves
into the visible light region (32).

(a)

  (b)        (c)
Figure 5: UV-Vis DRS (a) C/N 0 mass%., (b) C/N 10 mass%., (c) C/N 15 mass%.

The addition of C/N is used as an anionic dopant,
which  can  reinforce  the  weakness  of  CeO2 as  an
inhibitor of coke and recombination rates (33). The
C/N material has active centers due to the presence
of  electron  pairs  from  the  N  atom,  which  can

weaken  the  O-O  bond.  This  increases  the
photocatalytic  activity  as  an  oxygen  reduction
reaction  takes  place.  The  dipole-dipole  interaction
formed by bonding carbon atoms to nitrogen shows
a  higher  positive  charge  density  and  stronger
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electron  affinity.  However,  adding  nitrogen-doped
carbon in an excessive ratio can limit the catalytic
activity. This is because the active N site is coated
with carbon (34). Figure 6 shows that the more C/N

is added to the photocatalyst  material,  the higher
the  generated  reflection  intensity.  It  can  be
assumed that more light is absorbed with the higher
reflected intensity.

Figure 6: UV-Vis DRS spectra wavelength to reflectance (%) of C/N in every variation.

The  photocatalytic  activity  test  for  hydrogen
production was carried out using a GC-TCD device.
The photocatalyst  solid was weighed up to 50 mg
and  then  dispersed  in  25  mL  of  20%  methanol
solution. The mixture was stirred for 10 minutes and

then ultrasonicated for 10 minutes. Argon gas was
then flowed through the mixture for 5 minutes. The
solution was placed in a photocatalytic reactor and
irradiated with UV light for 3 hours (Figure 7).

 
Figure 7: GC-TCD Device for mesure the hydrogen gas formed in this experiment.

The hydrogen gas formed is then removed with a
syringe and introduced into the GC-TCD device for
the analysis  process.  The results  of  hydrogen gas
amount  obtained  within  1  and  3  hours  with

variations  in  C/N/CeO2/α-Fe2O3 (C/N  0,  10  and  15
mass%). The equation used to measure the amount
of hydrogen in the syringe is as follows 

Volumeof H 2 in reactionbottle=
Volumeof H 2 in syringe×33.5mLof headspace

0.5mLof extracted H 2gas
 (Eq. 1)

It  is  known  that  the  Volume  of  Hydrogen  in
Syringe/mL  comes  from  the  peak  divided  by  the
hydrogen calibration results.

Photocatalyst material C/N/CeO2/α-Fe2O3 variation 0
mass%. gives results  for  the amount  of  hydrogen
production  in  1  hour  of  2.21  μmol/g  and  after  3
hours  of  17.58  μmol/g  (Figure  8).  Photocatalyst
material C/N/CeO2/α-Fe2O3 variation 10 mass% gave

optimal  results  with  an  amount  of  hydrogen
production in 1 hour of 4.2 μmol/g and after 3 hours
of  19.08 μmol/g.  Adding composition variations  of
15 mass %  material  does  not  produce  hydrogen
gas  in  visible  light.  This  may  be  caused  by  the
surface and pore structure of  C/N having covered
the  active  site  of  the  catalyst  and  the  band  gap
energy  is  1.69 eV,  leading  to  the  solar  radiation-
based infrared light  region.  According to  research

1001



Anaqah ND et al. JOTCSA. 2024; 11(3): 995-1004  RESEARCH ARTICLE
data by Dao et al (2023) (35), hydrogen production
with  α-Fe2O3 doped  and  undoped  NGr  material
resulted  in  hydrogen  production  amounts  of  1.95

µmol/mg.h and 0.39 µmol/mg.h. This indicates that
the  addition  of  C/N/CeO2  doping  can  increase  the
photocatalytic efficiency.

Figure 8: Hydrogen production by variation of C/N content within 1 and 3 hours.

The  consideration  of  an  optimal  photocatalytic
system  for  H2 involves  physical  processes.  The

entire  chemical  process  is  represented  in  the
following figure.

Figure 10: General mechanism of hydrogen gas production.

The  development  of  electrical  semiconductor
settings has made a significant contribution to the
operational  efficiency  of  photocatalysis  processes.
Semiconductors are differentiated from conductors
based on two main bands, namely the valence band
(VB)  and  conduction  band  (CB),  with  an  energy
difference  (Eg)  that  differentiates  the  two.  The
activation process ensures that electrons and holes
are  only  found  in  the  valence  band.  To  excite  a
semiconductor, the incoming light energy must be
equal to or higher than the band gap energy. When
photons excite electrons from the valence band to
the  conduction  band,  holes  are  formed  in  their
place.  The  mechanism  of  photocatalytic  air
mechanization  of  alpha  semiconductor
Fe2O3/CeO2/C/N involves certain steps. In the initial

stage, electrons  and holes are created when light
hits the semiconductor surface. The energy released
can  be  in  the  form  of  heat  or  photons  when
electrons  and  holes  recombine  quickly  on  the
semiconductor  surface.  Additionally,  electrons  and
holes can also be involved in chemical reactions, as
illustrated in the equation below. Additionally,  the
photoexcited pairs can initiate chemical reactions at
the semiconductor surface, with the holes reacting
with H2O molecules to produce the desired reaction
products.  In  the  final  stage,  electrons  and  holes
produced from the photoexcitation process will take
part in the reaction that produces O2 and H2O. This
is  a  simple  overview  of  the  photocatalytic  air
separation process.

-Fe2O3/CeO2/C/N  -Fe2O3/CeO2/C/N (e-+h+) (1)
-Fe2O3/CeO2/C/N (e-+h+)  -Fe2O3/CeO2/C/N (2)
h++ H2O  H++ •OH (3)
2e-+2H+  H2 (4)
•OH + •OH  H2O + ½ O2 (5)
Overall reaction: H2O(l)  H2(g) + ½ O2(g) (6)

Figure 11: Mechanism of hydrogen gas production.

4. CONCLUSION

In this research, N-doped mesoporous carbon (pore
size of  4.9260 nm and surface area 203,84 m2/g)
was  successfully  synthesized  as  a  CeO2/α-Fe2O3
dopant via the hydrothermal method. The effect of
doping composition variations N-doped mesoporous
carbon  0,  10,  and  15  mass%  in  photocatalytic
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reactions  for  hydrogen  gas  production  was
investigated.  Photocatalytic  activity  efficiency  test
results  show  that  optimum  C/N/CeO2/α-Fe2O3
photocatalyst material with C/N variation 10 mass%
for hydrogen production in 1 hour is 4.2 μmol/g and
19.08  μmol/g  in  3  hours.  After  three  hours,  the
hydrogen  production  fluctuation  increased  by
76.31%.  In  addition,  the  C/N  mass  percentage
variation  to  the photocatalyst  material  affects  the
active catalytic  sites and band gap energy.  Based
on the above description, it can be concluded that
C/N/CeO2/α-Fe2O3 has the potential to be used and
developed  as  a  photocatalyst  for  hydrogen
production through the water-splitting reaction.
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