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TOM TAT

Trong nghién ctru nay, vt liéu composite Co,[Fe(CN),]/g-C,N, duoc téng hop bang céch chuén bj riéng
biét hai thanh phan g-C,N, va Co,[Fe(CN);], sau do két hop chiing théng qua qua trinh phén tan Co,[Fe(CN),] lén
bé mit g-C.N, 6 90 °C trong 1 gio. Cac vat liéu thu dugce dugc déc trung bé‘mg cac k¥ thuat nhiéu xa tia X (XRD),
phd hdng ngoai bién d6i Fourier (FT-IR), pho tan xa nang luong tia X (EDS), hién vi dién tr quét (SEM), phd phan
xa khuéch tan UV-Vis (UV-Vis DRS) va phd phat quang (PL). Hiéu suat xtc tac quang cta vat liéu composite dugc
danh gi4 thong qua qua trinh phan huy methylene blue (MB) trong dung dich nudc du6i chiéu xa anh sang mat
troi. Vat lieu composite Co,[Fe(CN)]/g-C,N, cho thdy hoat tinh xtc tac quang vugt troi so véi timg thanh phan
riéng l¢ la g-C N, va Co,[Fe(CN),].

Tir khoa: Co,[Fe(CN),], Co,[Fe(CN),]/g-C.N,, photocatalytic activity, methylene blue, sunlight.
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ABSTRACT

In this study, the Co,[Fe(CN).]/g-C,N, composite was synthesized by first preparing g-C,N, and
Co,[Fe(CN),] separately, followed by their coupling through the dispersion of Co,[Fe(CN),] onto g-C,N, at
90°C for 1 hour. The resulting materials were characterized by X-ray diffraction (XRD), Fourier-transform infrared

spectroscopy (FT-IR), energy-dispersive X-ray spectroscopy (EDS), scanning electron microscopy (SEM), UV-

Vis diffuse reflectance spectroscopy (UV-Vis DRS), and photoluminescence (PL) spectroscopy. The photocatalytic

performance of the composite was evaluated via the degradation of methylene blue (MB) in aqueous solution under

sunlight irradiation. The Co,[Fe(CN),]/g-C,N, composite exhibited superior photocatalytic activity compared to

the individual components, g-C,N, and Co,[Fe(CN),].

Keywords: Co,[Fe(CN),], Co,[Fe(CN),]/g-C.N,, photocatalytic activity, methylene blue, sunlight.

1. INTRODUCTION

Faced with the growing reality of seriously
polluted water sources that threaten both public
health and the environment, various technologies
have been developed for wastewater treatment.
However, conventional methods often fail to
completely eliminate toxic contaminants and
typically require substantial energy inputs.! To
align with the principles of sustainable chemistry,
it is essential to develop more efficient reaction
conditions and advanced catalytic systems
for pollutant removal, thereby ensuring water
quality.? Photocatalysis is a light-driven chemical

*Corresponding author.

process that occurs when a photocatalyst is
activated under light irradiation. This technique
has attracted considerable attention due to its
simplicity, cost-effectiveness, non-toxicity, high
degradation efficiency, and long-term stability.
It is widely recognized as a promising strategy
for wastewater treatment and environmental
protection.3

In recent years, semiconductor materials
such as TiO,, ZnO, SnO, g-CN, and
perovskites have been extensively investigated
for photocatalytic applications in environmental
remediation. Among emerging photocatalysts,
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Co [Fe(CN) ], has attracted growing attention
and is gradually demonstrating its potential in
photocatalysis, showing promise as a candidate
for broad environmental applications.

Despite its outstanding advantages—such
as strong visible-light absorption, non—toxicity
to humans and other organisms, absence of
secondary pollution, and ease of recyclability—
CoX[Fe(CN)G]y exhibits a major limitation:
its high solubility in aqueous media. This
characteristic poses significant challenges for its
synthesis and practical application.

In 2013, Dwivedi et al.* employed gel
beads containing cobalt hexacyanoferrate
immobilized on micrometer-sized alginate
beads (a salt of alginic acid, (CH,O,)) as an
adsorbent material for the removal of radioactive
contaminants—such as cesium, an element with a
half-life spanning several decades—from aqueous
solutions. In 2016, K. A. Lin et al.> successfully
synthesized a series of Prussian blue analogues
with the general formula M(II),[M(III)(CN),],
(M?* = Co, Cu, Fe, Mn, Ni; M* = Co, Fe), which
exhibited high photocatalytic activity. These
materials were capable of efficiently degrading
Rhodamine B (RhB) in aqueous solution when
activated by peroxymonosulfate (PMS) under
neutral conditions. Cobalt-based Prussian blue
analogues (PBAs) have shown great potential
as efficient catalysts for water-splitting reactions
and the degradation of organic pollutants.
Moreover, the Co—Fe PBAs retain their original
crystalline structure even after multiple recycling
cycles, indicating excellent structural stability.

Several studies have employed metal-
containing complexes and their isomers as
polymeric materials. These isomeric complexes
often crystallize in cubic structures and feature
metal ions in varying oxidation states.® The
frameworks of these complexes possess porous
structures, which endow them with a high specific
surface area, excellent adsorption capacity, and
numerous catalytic active sites. As a result, such

complexes have been extensively studied across
various fields, particularly in photocatalysis.’
Therefore, the modification of these complexes
with semiconductors to develop novel materials
exhibiting enhanced photocatalytic activity has
attracted significant attention from researchers.

2. EXPERIMENTS
2.1. Chemicals

Chemicals were purchased from Sigma-
Aldrich (Germany) with high purity, including
cobalt sulfate (CoSO,, = 99.0%), potassium
ferrocyanide (K,[Fe(CN),], > 98.5%), melamine
(CHN,, = 99.0%), methylene blue hydrate

6> —

(C,HCINSxH,O, = 97.0%), and ethanol

(C,H,OH, > 99.9%). All chemicals were used
without further purification.

2.2. Materials preparation

2.2.1. Synthesis of g-C,N, Five grams of
melamine were ground in an agate mortar and
then transferred to a porcelain crucible. The
crucible was tightly covered with aluminum
foil to minimize sublimation and enhance the
condensation efficiency of g-C\N,. The sample
was heated in a muffle furnace at 550 °C for 2
hours with a heating rate of 10 °C/min. After
natural cooling to room temperature, the resulting
product—yellowish in color—was collected and
labeled as g-C.N,.

2.2.2. Synthesis of Co, [Fe(CN),]: 5 milliliters
of 0.2M CoSO, solution were added to a
200 mL glass beaker. Then, 100 mL of 0.05 M
K,[Fe(CN),] solution were gradually added at
a rate of 5 mL/min under continuous stirring at
room temperature. A precipitate formed during
the addition. The mixture was stirred for an
additional 60 minutes, followed by ultrasonic
treatment at 90 °C for 2 hours. The resulting solid
was collected by centrifugation and washed
repeatedly with distilled water until the pH of
the filtrate reached 7. Finally, the sample was
dried at 80 °C for 48 hours. The final product
was identified as Co,[Fe(CN),].
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2.2.3. Synthesis of Co, [Fe(CN) J/g-C,N,
Cobalt sulfate (CoSO,) was
dissolved in deionized water under stirring until

composite:

fully dissolved. A suitable amount of g-C.N,
powder was then added to the solution, followed
by stirring and ultrasonication for 60 minutes
at room temperature to promote the adsorption
of Co®" ions onto the g-C.N, surface. The
resulting suspension was centrifuged to collect
the solid. Subsequently, a K [Fe(CN)4] solution
(with a mass ratio of K [Fe(CN)] to g-C;N, of
1:3) was added to the solid under continuous
stirring at 90 °C for 60 minutes to allow in situ
formation of the Co,[Fe(CN),] framework on
the g-C,N, matrix. The product was separated
by centrifugation, washed thoroughly, and dried
at 80 °C for 48 hours to yield a blue solid of
Co,[Fe(CN),]/g-CN,.

2.3. Characterization

X-ray diffraction (XRD) patterns were recorded
using a Bruker D8 Advance diffractometer
equipped with a Cu Ko radiation source
(L = 1.540 A), operating at 30 kV and 0.01 A.
Fourier-transform infrared (FTIR) spectra were
obtained using a PerkinElmer GX spectrometer.
The morphology and elemental composition of
the samples were examined by scanning electron
microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDS) using a Nova Nano
SEM 450 system. UV-Vis diffuse reflectance
spectra (UV—-Vis DRS) were measured using
a Jasco V-770 spectrophotometer, while
photoluminescence (PL) spectra were recorded
on a Horiba Jobin Yvon FL322 fluorescence
spectrometer. The concentration of MB solution
was determined by a photometric method using
a Jenway 6800 UV—Vis spectrophotometer.

2.4. Photocatalytic activity

The adsorption equilibrium time of MB on the
materials was investigated under dark conditions
using the following procedure. A total of 0.07 g
of the material sample was added to a 250 mL
beaker containing 120 mL of MB solution
(10 mg/L). The beaker was covered with a

https://doi.org/10.52111/qn;js.2026.20106

wooden enclosure to prevent light exposure and
continuously stirred using a magnetic stirrer.
At 30-minute intervals, 8 mL of the suspension
was withdrawn, centrifuged to separate the
supernatant, and the resulting solution was
transferred into a vial. The collected samples
were labeled as ¢, ¢,, ¢,, ..., t,, corresponding to
sampling times of 0, 30, 60, ..., and 240 minutes.

The adsorption capacity is calculated
using the following equation:

C -C)V
q:( i f)
m

where q: adsorption capacity at a given time
(mg/g); C;: initial concentration of the solution
(mg/L); C;: concentration of the solution at the
given time (mg/L); V: volume of the solution
subjected to adsorption (L); m: mass of the
adsorbent (g).

A plot of adsorption capacity versus
time was drawn to determine the time required
to reach adsorption equilibrium. Following
the adsorption study, the sample was further
exposed to sunlight to evaluate its photocatalytic
activity. The degradation efficiency of MB by
the materials was calculated using the following
equation:

H:MXIOO%
C

0

where C, and C, are the MB concentrations at the
initial and selected t- times, respectively.

3. RESULTS AND DISCUSSIONS
3.1. Material characterization

The Co,[Fe(CN),], g-C,N,, and Co,[Fe(CN),]/
g-C,N, samples were characterized by XRD,
FTIR, and SEM techniques.

As shown in Figure la, the XRD pattern
of the Co,[Fe(CN),] sample displays distinct
diffraction peaks at 20 = 25.27°, 35.92°, 44.45¢,
51.53°, 54.01°, and 58.38°, which correspond
to the (220), (400), (422), (440), (620), and
(622) crystal planes, respectively. These results
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are in good agreement with previous reports
on Co,[Fe(CN),]. Co,[Fe(CN),] exhibits high
crystallinity with characteristic diffraction peaks
corresponding to the Prussian blue analogue
(PBA) phase, in accordance with JCPDS card
No. 77-1161.%1° The formation of the PBA-type
Co,[Fe(CN),] material from its precursors can be
represented by the following reaction equation:

2C0S0, + K [Fe(CN), ] — Co [Fe(CN) ]| +
2K,SO, (%)

—— Co,[Fe(CN)el/g-CsN,
= —g-C3Ng
§ ——Co,[Fe(CN):]

Ny 3
4 + ColFe(CN)]| 8

Intensty (a.u)

Transmitirance (%)

——CofFe(CN);]
——Co{Fe(CN)gJg-CsN,
—oCN,

)
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm)

Figure 1. (a) XRD patterns; (b) FTIR spectra; (c,
d) SEM images of Co,[Fe(CN),], g-C)N,, and the
Co,[Fe(CN),)/g-C,N, composite.

The XRD pattern of pure g-C,N, exhibits
a prominent diffraction peak at 20 = 27.4°,
which corresponds to the (002) crystal plane.
This peak is attributed to the interlayer stacking
of conjugated aromatic systems in the graphitic
carbon nitride structure. The Co,[Fe(CN),J/g-
C,N, composite clearly exhibits the characteristic
diffraction peaks of both constituent materials,
Co,[Fe(CN),] and g-CN,. Moreover, no
additional crystalline phases are detected,
indicating that the composite consists solely of
these two components. This result is consistent
with previously reported studies on PBA/g-C\N,
materials.’

The FTIR spectra of the samples are

presented in Figure 1b. The g-C.N, sample

4
exhibits a distinct absorption band at 810

cm’, which is attributed to the out-of-plane

bending vibration of C—N bonds within the tri-
s-triazine (heptazine) units—the fundamental
structural motifs of the graphitic carbon nitride
framework.""'> The sharp absorption bands in
the region of 1250-1631 cm™ are attributed to
the stretching vibrations of C—N and C=N bonds
within the aromatic rings of the heptazine-based
structure.'** In addition, a broad absorption
band in the range of 3100-3400 cm™' is observed,
which is attributed to the stretching vibrations
of -NH- and -NH, groups originating from the
incompletely condensed structure of g-C\N,.
The FTIR spectrum of Co,[Fe(CN),] displays
several characteristic absorption bands. A
strong and sharp peak at 2084 cm™ is attributed
to the stretching vibration of the C=N bond in
the cyanide ligands, while a prominent band at
593 cm!' corresponds to the bending vibration
of the same group. Additionally, the absorption
band at 467 cm™ is ascribed to the stretching
vibration of the Fe—CN bond,">'¢ confirming the
metal-ligand coordination typical of Prussian
Blue analogues (PBAs). Furthermore, a broad
absorption band centered around 3426 cm’ is
associated with the —OH stretching vibration
of water molecules adsorbed on the material
surface. For the Co,[Fe(CN),]/g-C,N, composite,
the characteristic peaks corresponding to both
g-C,\N, and Co,[Fe(CN),] were clearly observed,
indicating the successful integration of the two
components. In particular, the intense absorption
band at 2084 cm™' (assigned to the —C=N
stretching vibration) remained prominent, while
the C-N and C=N stretching vibrations of g-C,N,
were also retained. These observations confirm
that the key structural features of both phases
were preserved in the composite. Moreover, the
absence of new absorption bands or significant
peak shifts suggests that the interaction between
Co,[Fe(CN),] and g-C\N, is primarily physical
in nature, possibly involving electrostatic
attractions or hydrogen bonding. This result is in
good agreement with the XRD data.

The SEM images of the Co,[Fe(CN)]
sample (Figure 1c) and the Co,[Fe(CN),J/g-
C\N, composite (Fig. 1d) reveal distinct
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morphological characteristics. The pristine
Co,[Fe(CN),] exhibits a granular morphology
composed of irregularly shaped, densely packed
nanoparticles with a pronounced tendency
toward agglomeration. The surface of the
material appears relatively rough and compact,
which may limit the accessibility of active
sites for catalytic processes. In contrast, the
Co,[Fe(CN),]/g-C,N, composite exhibitedamore
porous architecture with significantly reduced
particle agglomeration. The nanoparticles
were more uniformly dispersed, with increased
interparticle voids, likely attributed to the
structural support provided by the g-C.N,
matrix. This morphology suggests enhanced
textural properties, such as a larger specific
surface area and improved accessibility to active
sites-factors that are critical for adsorption and
photocatalytic performance. The morphological
differences between the two samples provide
clear evidence for the successful incorporation
of Co,[Fe(CN)] into the g-C,N, matrix. This
integration effectively suppresses excessive
particle agglomeration, enhances interfacial
contact, and facilitates charge transfer during
the photocatalytic process. These observations
are consistent with the XRD and FTIR analyses,
further confirming the formation of a structurally
and functionally synergistic composite material.

The EDS spectra in Figure 2 and Table 1
confirm the elemental composition of the samples.

Figure 2. EDS spectra of (a) the Co,[Fe(CN),] sample
and (b) the Co,[Fe(CN),]/g-C,N, composite.

https://doi.org/10.52111/qn;js.2026.20106

Both the Co,[Fe(CN),] and Co,[Fe(CN),]/
g-C.N, samples exhibit characteristic peaks of
Co, Fe, C, and N, consistent with the expected
structure of Prussian Blue analogues (PBA).
Additionally, minor signals of K and O are
observed. The presence of K is attributed to
residual K [Fe(CN),] precursor, while the O
signal likely originates from surface-adsorbed
moisture (H,0). In the Co,[Fe(CN)]/g-CN,
composite, the increased intensities of C and
N peaks are ascribed to the contribution of the
g-C.N, matrix, while the decreased Co and
Fe contents suggest effective dispersion of
the PBA phase on the g-C\N, surface. These
findings confirm the successful formation of the
composite material.

Table 1. Elemental composition of Fe,[Fe(CN),],
and Fe [Fe(CN),]/g-CN,.

Co,[Fe(CN),] Co,[Fe(CN),J/g-CN,
Element | Weight % | Element | Weight %
C 29.2 C 37.2
N 29.0 N 34.3
Co 16.4 Co 10.7
Fe 12.1 Fe 7.4

The EDS-mapping (Figure 3a) results
show that Co, Fe, C, and N elements are
uniformly distributed across the sample surface,
indicating the successful integration and
homogeneous dispersion of Co,[Fe(CN),] within
the g-C,N, matrix. No significant aggregation
or phase separation was observed, suggesting
strong interfacial compatibility between the
two components. This uniform distribution
supports the structural integrity of the composite
and correlates well with the results obtained
from XRD, FTIR, and SEM, reinforcing the
successful synthesis of a well-dispersed hybrid
photocatalyst.
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Figure 3. (a) Elemental mapping images of Co, Fe,
C, and N for the Co,[Fe(CN),]/g-C,N, composite,
(b) UV—Vis DRS spectra and (c) band gap energy of
the materials.

The UV-Vis DRS (Figures 3b,c) reveal
that all the materials exhibit absorption edges
within the visible light region. Notably, the
Co,[Fe(CN),] and Co,[Fe(CN),]/g-C,N, samples
show extended absorption edges reaching up
to approximately 700 nm, which is consistent
with the characteristic charge transfer transitions
between Fe(Il) and Fe(IIT):"”

[Fe(CN)o]* = [Fe(CN)e]> + ¢

The band gap energy (Eg) of the
materials was also estimated using this
method. Accordingly, the band gap values of
Co,[Fe(CN),], g-C,N,, and the Co,[Fe(CN),J/g-
C,N, composite were determined to be 2.66 €V,

2.72 eV, and 2.71 eV, respectively.
3.2. Photocatalytic activity

The photocatalytic performance of the materials
was evaluated through the degradation of MB
under sunlight irradiation, with the results
illustrated in Figure 4a. After 210 minutes of
exposure, the Co,[Fe(CN),]/g-C,N, composite
exhibited a degradation efficiency of 93.38%,
outperforming both pristine g-C,N, and
Co,[Fe(CN),] (Figure 4b). In addition, to
compare the MB degradation rates among the
materials, the photodegradation kinetics were
analyzed (Figure 4c and Table 2). Under identical

illumination conditions, the degradation rate of
MB using the Co,[Fe(CN),]/g-C,N, composite
was approximately five times higher than that
of Co,[Fe(CN),] and more than 19 times higher
than that of pristine g-C,N,. This significant
enhancement is attributed to the effective
suppression of the rapid recombination
of photogenerated electron—hole pairs, a
common limitation in single-component
g-C,N, photocatalysts, as confirmed by the
photoluminescence (PL) spectrum shown in

Figure 4d.

Table 2. Results of MB degradation by the materials.

R ,
Photodeg- | Rate con- .egres
ion co-
Materials radation stant, k S0 _CO
%) (min") efficient
(R?)
g-C.N, 13.91 0.06.10 0.95
Co, [Fe(CN), ] 38.74 0.24.10° 0.99
Co [Fe(CN) ]/
PNV 0358 116102 | 098
g-C3N4
Sunlight, MB (10 mg/L) a‘ Sunlight, MB (10 mg/L), 210 minutes | |

93.38

= Co,[Fe(CN);]
= Co,{Fe(CN)gJig-CN,

38.74

—8—no catalyst
02{—e—gCN, 204
—v—Co,[Fe(CN))]

—A— Co,[Fe(CN)elig-CsNy

0 3 60 9 120 150 180 210 1 2 3 4
Time (min.)

— N,
——Co,[Fe(CN)Ja-C:N,

Intensity (a.u.)

3 60 % 120 150 180 210 400 450
¢

500 550 600 650
Time (min.) Wavelength (nm)

Figure 4. (a-c) Photocatalytic degradation of MB
over Co,[Fe(CN),], g-C\N,, and Co,[Fe(CN),]/g-
CN

.> (d) PL spectra of the corresponding materials.

The photoluminescence (PL) spectra of
g-C,N, and the Co,[Fe(CN) ]/g-C,N, composite
were recorded under 365 nm excitation to
evaluate the separation and recombination
behavior of photoinduced electron—hole pairs
(e/h"). In the spectrum, pristine g-C,N, exhibits
a strong emission peak around 400-550 nm,
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which is indicative of the rapid recombination of
photogenerated charge carriers. Notably, the PL
intensity of the Co,[Fe(CN),]/g-C,N, composite
is significantly quenched compared to pure
g-C,N,. This pronounced reduction in emission
intensity suggests that the incorporation of
Co,[Fe(CN),] suppresses  the
recombination of charge carriers. As an efficient
acceptor, Co,[Fe(CN),]
charge transfer and enhances charge separation
at the heterojunction interface with g-C\N,.
In summary, the PL analysis confirms that the
formation of the Co,[Fe(CN),]/g-C,N, composite
improves electron—hole separation and reduces
charge recombination, thereby enhancing the

effectively

electron facilitates

photocatalytic performance by making more
charge carriers available for surface reactions.
This property broadens the potential applications
of the Co,[Fe(CN)]/g-C,N, composite in the
field of photocatalysis.

3.3. Photocatalytic reaction mechanism

To investigate the photocatalytic reaction
mechanism, various scavengers were employed
to identify the main reactive species involved.
Tert-butyl alcohol (TBA) was used as a scavenger
for hydroxyl radicals (:OH), 1,4-benzoquinone

(BQ) for superoxide radical anions (-O,),

100 Sunlight, MB (10 mg/L), 210 minutes

ammonium oxalate (AO) for photogenerated
holes (h*), and dimethyl sulfoxide (DMSO) for
photogenerated electrons (e).'* A quenching
agent solution with an initial concentration of
10 mmol/L and a volume of 2 mL was added
at the onset of light irradiation. As shown in
Figure 5a, the presence of TBA and AO led
to a noticeable decrease in the photocatalytic
degradation of MB by the Co,[Fe(CN),]/g-C,N,
composite, compared to the control sample
without any scavenger. This can be attributed
to the quenching effects of ammonium oxalate
(AO) on photogenerated holes (h") and of
1,4-benzoquinone (BQ) on superoxide radical
anions (-O,), which significantly suppressed the
activity of these reactive species in solution and
thus reduced photocatalytic efficiency. These
findings suggest that h* and -O,™ are the primary
active species responsible for the MB degradation
process. Thus, the integration of Co,[Fe(CN),]
and g-C,N, into a composite structure resulted in
Co,[Fe(CN)]/g-C.N,,
properties for facilitating the generation of h* and

which possesses critical

-0, radicals, while simultaneously suppressing
the recombination of photogenerated electron—
hole pairs during the photocatalytic degradation
of MB.

9338 9147 —

80

Efficiency (%)
[ B Q D ~N
(=] o (=] (=] (=)

N
o
1

a
o o
!

no quencher DMSO TBA AO BQ

90+ 7 86.23 a,

Vvs. NHE m
B\ degradation
N Oy products
2.0 e e e e A
-1.54 ~OOC CB -1.66 eV
1.0 = 3
-0.54 Qo
_______ ©OF e - O =a
004 2 \\é@ 0,70, =-0.33 eV
+0.54 ' By
htlht)hlh
+1.04 VB +1.0eV
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+2.54 degradation ____ COp[Fe(CN)]] *OH/H,0 = +2.73 eV

products g-C3N4

Figure 5. (a) Photocatalytic degradation of MB on Co,[Fe(CN),]/g-C,N, in the presence of various scavengers,

and (b) Proposed Z-scheme mechanism for the photocatalytic activity of the Co,[Fe(CN), ]/g-C.N, composite.

The valence band (VB) and conduction
band (CB) positions of g-C N, and Co,[Fe(CN),]
can be estimated using the following equations:

E,=x-E°+05E,
ECB - EVB - Eg

https://doi.org/10.52111/qn;js.2026.20106

where 7y is the absolute electronegativity of the
semiconductor (defined as the arithmetic mean of
the electron affinity and the first ionization energy
of the constituent atoms), E¢ is the energy of free
electrons on the hydrogen scale (4.5 eV), and E,
is the band gap energy of the semiconductor.
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According to Wu et al.,"” the absolute
electronegativity (y) of g-C,N, is 4.72 eV.
Based on Mulliken’s theory, the electronegativity
x of a semiconductor can be accurately calculated
using the following formula:

E
%= Eoum —

vacuum 2

Applied to Co,[Fe(CN),]:

+ B, =266 eV (as determined from the
UV-Vis DRS spectra);

+E ~55eV.®

vacuum

The calculated absolute electronegativity
(x)is 4.17 eV.

Based on the calculations, the conduction
band (CB) and valence band (VB) edge potentials
of g-C\N, are estimated to be —1.14 eV and
+1.58 eV, respectively. Similarly, the CB and VB
edge potentials of Co,[Fe(CN),] are calculated
to be —1.66 eV and +1.00 eV, respectively.

On this basis, the separation of
photogenerated electron—hole pairs and the
formationofreactiveradicalsinthe Co [Fe(CN),]/
g-C,N, composite under illumination are
illustrated in Figure 5b (Z-scheme). Under light
irradiation, both semiconductor materials are
photoexcited and generate electron—hole pairs.
The photogenerated electrons in the conduction
band (CB) of g-C,N, tend to recombine with the
holes in the valence band (VB) of Co,[Fe(CN),].
This recombination occurs at the contact
interface, leading to the accumulation of electrons
in the conduction band (CB) of Co,[Fe(CN),]
and holes in the valence band (VB) of g-C\N,.
Consequently, the photogenerated charge
carriers are spatially separated across the two
semiconductors, while maintaining strong redox
potentials. The electrons in the conduction band
(CB) of Co,[Fe(CN),] reduce O, to superoxide
radicals (-O,7), which subsequently contribute
to the degradation of MB. In contrast, the holes
in the valence band (VB) of g-C,N,, due to

374

their insufficient oxidation potential, are unable
to oxidize H,O to generate hydroxyl radicals
(-OH), but can directly oxidize MB molecules.
Accordingly, the photocatalytic degradation of
MB may involve the following processes:

Co,[Fe(CN),J/g-CN,+ hv — e + h*
[Fe(CN)s]* = [Fe(CN)s]* + ¢

e+ 0, > Oy

‘Oz~ + MB — decomposition products
h* + MB — decomposition products

This mechanism satisfactorily explains
the reduced recombination of photogenerated
electron-hole pairs on the g-C,\N, component
of the Co,[Fe(CN),]/g-C,N, composite, as
confirmed by the photoluminescence (PL)
analysis (Figure 4d) and the photocatalytic
(Figure 5a). This
suppression of charge carrier recombination

performance  results
subsequently enhances the photocatalytic
degradation efficiency of MB by the composite
under light irradiation.

4. CONCLUSIONS

Nano-sized Co,[Fe(CN),] and the Co,[Fe(CN),]/
g-C.N, composite were successfully synthesized.
The corresponding band gap energies were
determined to be 2.66 ¢V for Co,[Fe(CN),],
2.72 eV for g-CN,, and 2.71 eV for the
composite. Under natural sunlight irradiation
for 210 minutes, the Co,[Fe(CN)]/g-C,N,
composite exhibited a photocatalytic degradation
efficiency of 93.38% for methylene blue in
aqueous solution, significantly outperforming
the individual components Co,[Fe(CN) ] and
g-C,N,. The enhanced photocatalytic activity of
the composite is mainly attributed to the effective
suppression of photogenerated electron—hole
recombination. A Z-scheme mechanism for the
photocatalytic degradation of methylene blue
over the Co,[Fe(CN)]/g-C,N, composite was
proposed and discussed in detail by the authors.
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