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Exploration of bismuth-based materials for
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DOI: 10.1039/x0xx00000x This work is focused on the investigation of three different Bi-based materials, i.e., CaBi,0,(COs), (CBOC), Ca,BisO43 (CBO),

and Bi,Ce,0; (BCO), as photocatalysts in N,O reduction. This study has emphasized the effectiveness of bismuth ion,
irrespective of its presence in different structures with self-regulating electronic and morphological properties, when
employed as a photocatalyst. Monophasic CBOC, CBO, and BCO samples have been synthesized by wet-chemical methods,
and they exhibit distinct morphological features such as plate-like, dumble-shaped, and irregularly shaped crystallites. From
the UV-visible diffuse reflectance spectroscopy (DRS) data, CBO exhibits a lower optical band gap of 2.52 eV compared to
CBOC (3.95 eV), which CBO is synthesized from. BCO shows the lowest optical band gap of 2.16 eV. CBO exhibits the highest
photocurrent generation and the lowest value in work function measurements, following the trend as CBO > CBOC > BCO.
The efficiency of the Bi-based materials in photocatalytic decomposition of N,O also follows a similar trend as observed in
the photocurrent measurements, wherein the CBO sample exhibits a maximum of 10.4% decomposition of N,O under UV-
Ain 24 h. Oxygen vacancies in CBO and BCO have been reasoned to play a crucial role in the photocatalytic decomposition
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of N,0.

Introduction

In the present scenario, greenhouse gases are a global challenge; one
of the prominent causes is the generation of hazardous gases by the
combustion of fossil fuels. Among these gases, N,0, has 310 times
higher potential than CO, to contribute to global warming. * There
are different approaches to reduce N,O emission from industry such
as direct catalytic decomposition or thermal decomposition. 27
However, all of them require significant energy inputs which limits
their wide utilizations. 27 On the other hand, photocatalytic
decomposition of N,O under UV or visible light irradiation using
semiconductors can be a promising approach involving renewable
energy resources.? TiO,, a well-known semiconductor photocatalyst,
has been examined for its efficacy in decomposing N,O. However,
the wide band gap and fast recombination of charge carriers should
be addressed by designing solar light-driven photocatalysts. 10-12
Indeed, the use of natural sunlight which is composed of visible and
UVA light is crucial to achieve a sustainable and cost-effective
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photocatalytic process, thus making it more environmentally
friendly.

Bi, 05 is an interesting photocatalyst as it holds a narrow band gap,
thus being activated by visible light. 13 Previously reported studies
have shown that morphology and microstructure of Bi,O3; are
interrelated to exhibit high photocatalytic activity. 1416 Further, it is
well known that doping in Bi,O3; system resulted in a red shift to the
absorption edge, which attracted high attention of researchers to
utilize them for photocatalytic application. ¥ Indeed, cerium is
known to exhibit active redox behaviour with fast interconvertible
Ce** to Ce3* oxidation states, that supports transport variation in
oxygen concentration and thereby helps to improve photocatalytic
efficiency. 1821 Also, other bismuth-based photocatalysts e.g.,
BiOIOs, Bi,SnO;, Bi,0,(COs),, BiFeOs;, BiVO,, Bi,WOs and BiOBr
achieved a huge popularity due to their unique electronic structure,
tuneable surface properties and appropriate band gap. 22?4 The
reported studies illustrate the potential of bismuth-based materials
as efficient catalysts for N,O decomposition. 222325 For example, 85%
decomposition of N,O was achieved in 30 minutes using Bi,MoOs,
90% in 45 minutes using BiVO,4, and 95% in 60 minutes using BiFeOs.
22,2325 Although these materials can operate at lower temperatures
and exhibit high time stability, further improvements can be reached
by optimizing synthesis conditions of the bismuth-based
photocatalysts. DFT studies demonstrated that Bi 6s and O 2p
orbitals undergo a powerful hybridization and resulted in a high
dispersion in valence band, thus shifting the energy band gap to
lower energy compared to most of the other photocatalysts. 26
Additionally, bismuth-based materials can be prepared by facile and
cost-effective methods. 2 The photocatalytic performance of
bismuth-based materials is independent on the type of crystal
structure, and it can be attributed to the bismuth ion and the stereo-
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chemically active lone pair associated with it, reducing charge
carriers’ recombination rate. 28-30

In this context, the current study is designed to assess the impact of
different chemical structures and compositions of bismuth-based
materials (CaBi,0,(CO3),, CasBigO;3, and Bi,Ce,0;,) on the
photocatalytic decomposition of N,0. The idea behind the selection
of these specific materials is motivated by several facts: (i) in
CaBi,0,(C03),, the presence of carbonate groups along with bismuth
and calcium might affect interestingly the photocatalytic properties;
3132 (ji) the different crystal structures between Ca,BigO:3 and
CaBi,0,(C0s),, along with their different Ca:Bi ratio might lead to a
better understanding of the role of these element on the material’s
properties (in addition, CasBisO,3 can be synthesized directly from
CaBi,0,(C03),); 33 and (iii) by replacing calcium with cerium i.e. from
CayBig0,3 to BiCe,05, the specific impact of Ce over Ca on the
photocatalytic properties might be clarified. Furthermore, the redox
behaviour of cerium in bismuth materials can provide a greater
number of active sites, thus facilitating electron transfer and
ultimately the photocatalytic properties. 34 With this approach, the
comparative study of these three distinct Bi-based materials will
highlight how different chemical structures and compositions
influence photocatalytic efficiency in N,O removal under UVA. It is
worth highlighting that our report is the first investigation delving
into the photocatalytic assessment of these systems for the
decomposition of N,0.

Results and discussion

Crystalline structure and morphology of Bi-based materials

The XRD analysis of CBOC, CBO, and BCO confirmed crystalline
Ca,Bi,0,(C03),, CayBig043, and Bi,Ce,05, respectively, in accordance
with previous findings (Fig. 1). 3>37 Lattice refinements by the Le Bail
method yielded lattice dimensions of CBOC, CBO and BCO as follows:
CBOC (Beyerite, Immm S.G.) a = 3.771(1), b =3.770(1), c = 21.724(2)
A; CBO (Ca,Bis013) obtained by thermolysis of beyerite (C2mmm
$.G.) a = 17.377(3), b = 5.940(1), ¢ = 7.225(1) A and Bi,Ce,0, (BCO)
(Fluorite, Fm§m) a=b=c=5.479(4) A, which confirmed purity of the
materials. 337 Interestingly, CBO, obtained from the thermolysis of
CBOC, is not a typical phase. Indeed, previous reports claimed the
thermolysis of CBOC leads to the formation of metastable CaBi,0,.3>
38 However, in our case, reducing calcination time at the same
temperature aided the formation of Ca,BigO43. Also, using different
precursors for synthesizing CBOC compared to these reports might
have played a crucial role in stabilizing the CasBigOi3 phase.
Additionally, prolonged heat treatment at higher temperatures is
avoided, constituting a significant advantage of low temperature
synthesis of monophasic Ca;BigO13. 37 The formation of the CasBigO13
phase from CBOC proved its versatility in producing metastable
oxides containing calcium and bismuth. The CBOC crystallites have a
plate-like morphology (Fig. 2a), 3> while for CBO obtained by the
thermolysis of CBOC, the morphology of the crystallites changed
from plate-like to dumbbell-shaped with porous morphology (Fig.
2b).
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Fig. 1 Lattice refinements of the PXRD patterns of (a) CBOC, (b) CBO,
and (c) BCO by the Le Bail method. The red, green, and pink lines are
for the experimental data, the calculated, and the difference profiles,
respectively.

To explain this observation, CBOC structure typically involves layers
of Bi-O and carbonate groups that can promote plate-like
morphologies due to the anisotropic nature of the bonding in the
structure. The strong bonding within the layers and weaker
interactions between them can lead to preferential growth along
certain crystallographic directions, resulting in plate-like structures.
On the other hand, CBO has a more complex structure, with multiple
calcium and bismuth sites in oxygen frameworks. This complexity can
result in different crystallographic planes having different growth
rates, leading to varied morphologies such as dumbbell-shaped or
irregular crystallites. Concerning BCO, the irregularly shaped
crystallites (Fig. 2c) is in accordance with previous reports. 3¢ Such a
morphology can be due to several factors related to synthesis
conditions. The average crystallite sizes, calculated using Scherrer
analysis, were 45 nm (CBOC), 70 nm (CBO) and 8 nm (BCO).

Fig. S1 (ESIT) shows the N, adsorption-desorption BET surface area
isotherm curves, wherein a type-Il adsorption for CBOC and CBO
samples suggested mainly macro-porous behaviour of materials. This
behaviour can be attributed to their structural characteristics,
wherein presence of calcium and bismuth leading to larger
interstitial sites than tightly bound micro- and meso-pores. While
type-IV isotherm is observed for BCO sample, it demonstrated its
mesoporous nature arising from its synthesis method which is
different to that of CBOC and CBO. 3*°

This journal is © The Royal Society of Chemistry 20xx
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Table 1 Characteristic parameters for CBOC, CBO and BCO samples from BET analysis.
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Sample identification a b ¢ d e f
[m?/g] [cm3/g] [cm3/g] [cm3/g] [cm3/g]
BCO 41 93 0.114 0.014 0.127 ME, less MI, with little MA
CBOC 22 +5.1 0.034 0.006 0.032 little ME, 'esfw":" with more
CBO 5.5 13 0.010 0.002 0.011 little ME, 'eslsvl":" with more

a — specific surface area according to BET %° - marked+; b — volume of the adsorbed monomolecular layer; ¢ — cumulative pore volume
according to Gurvich 4%; d — cumulative volume of micropores (Ml) according to Horvath-Kawazoe #%; e — cumulative volume of mesopore
(ME) and macropore (MA) according to BJH method 43 44; f — nature of the material.

Fig. 2 SEM images for (a) CBOC, (b) CBO, and (c) BCO.

The observed specific surface area for the CBOC, CBO and BCO
sample are 22, 5.5 and 41 m2g. According to Table 1, the maximum
value of adsorbed monolayer is observed for BCO sample, thus being
beneficial for its heterogeneous photocatalytic performance. 4%-44 For
CBOC and CBO samples, the BET analysis suggested a predominantly
low mesoporous character with some micropores but mainly
macropores. On the other hand, BCO sample has a predominantly
mesoporous character with some micropore and macropore
representation (Table 1).

DRS is recorded and reproduced in Fig. 3. The corresponding Tauc
plots are shown as insets in Fig. 3. The estimated optical band gap
(Eg) value for CBOC is 3.95 eV (Fig. 3a), which is in accordance with
the value reported in the literature. 3° The absorbance edge for CBO
and BCO samples falls at the edge of the UV-visible junction (Fig. 3b
and 3c), which is evident due to the yellow colors of the samples. In
the case of CBO, a significant reduction in Eg and slight lift in the
absorption tail and extended up to visible region (Fig. 3b) suggested
the presence of defects and oxygen vacancies. 37 The difference in
optical properties between CBOC and CBO arose from different
structural and chemical compositions, thus leading to different
electronic band structures. The E; of BCO (2.16 eV) matches well with
the literature. 3¢ The smaller value of E, for BCO among the three
samples, is due to inclusion of Ce and its f-orbitals, which can interact
with the existing electronic states, thereby modifying the electronic
band structure and reducing the E,.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3 DRS spectra of (a) CBOC, (b) CBO, and (c) BCO. Inset shows
respective Tauc’s plot.

Photoelectrochemical performance

The photocurrent data recorded as a function of wavelength and
applied potential is reported in Fig. S2 (ESIT). The blue areas
represent cathodic photocurrent, while the red ones are for anodic
photocurrent. All the samples showed low cathodic photocurrent,
detected at low applied potential. On the other hand, higher anodic
photocurrent values were obtained at higher applied voltage, and
CBO showed photocurrent values 4.5-fold and 10-fold higher at 1 V
than for CBOC and BCO, respectively (Fig. 4 and Fig. S2 (ESIt)). As per
reported literature, high value of photocurrent arises either due to
efficient transport of electrons or longer life of generated charge
carriers. 4° In Fig. 4, the transient photocurrent was obtained using a
shutter, which was opened for 5 s and closed for 5 s. The current
instantly reaches a plateau when the shutter opens and drops
immediately to zero when the shutter closes, thus highlighting a clear
photo effect and suggesting a fast charge carrier transfer.

J. Name., 2013, 00, 1-3 | 3
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Fig. 4 Photocurrent generation at different wavelengths by applying
1V and using 5 s open/close shutter.

The IPCE was also studied at different wavelengths and 1 V (Fig. 5a)
and at different applied potentials at 350 nm (Fig. 5b). The higher
values of IPCE at 1 V in the UVA region, i.e., from 320 nm to 380 nm,
indicated the three Bi-based materials could be activated under UVA
light (Fig. 5a). By increasing the voltage from 0 to 1 V at 350 nm, the
IPCE is found to be at its maximum at 1 V (Fig. 5b), but the applied
potential effect was insignificant in CBOC and BCO. In other words,
the applied voltage was significantly higher in the case of CBO, where
the IPCE reached 0.4 %.

0.5
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Fig. 5 IPCE measurements at (a) fixed applied potential 1 V and (b)
fixed wavelength 350 nm.

Table 2 Work function of measured samples.

Sample Work function (eV)
BCO 5.27+0.01
CBO 5.15+0.01

CBOC 5.20+0.02

The work function of the three samples was calculated since a
smaller value of the work function usually facilitates redox processes
taking place during N,O decomposition. ¢ The calculated work
function for each sample (Table 2) was directly correlated with their
photoelectrochemical performance, i.e., the smallest work function
was obtained for CBO (5.15 eV), which showed higher photocurrent
in the UVA region. To summarize, the order of work function and IPCE
(at different wavelengths and potentials) is as follows: CBO > CBOC >
BCO. Therefore, CBO was further used in the photocatalytic
decomposition of N,0.

4| J. Name., 2012, 00, 1-3
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All three samples were subjected to preliminary test of N,O
decomposition under UV-C light (Fig. S3(ESIT)). The photocatalytic
decomposition of N,0 follows the order of CBO > BCO = CBOC. As
CBO shows higher photocatalytic ability, the decomposition of N,O is
also investigated under UV-A (Fig. 6), as it is the region where it
shows the best photoelectrochemical performance (see previous
section). For reference, N,O photolysis under UVA irradiation has
shown negligible conversion rate.#” The CBO photocatalyst
demonstrated 10.4% decomposition of N,O under UV-A irradiation
(Amax = 365 nm). Although CBO can be considered a moderate
photocatalyst compared to other semiconductor materials under
similar set of reaction conditions e.g., g-CsN,, TiO,, etc. 4850 though it
is utilized for first the time for N,O decomposition and it might be a
promising material for the preparation of composite and doped
systems.

[
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Fig. 6 Time dependence on the N,O conversion during the
photocatalytic decomposition of N,O over CBO under UV-A
irradiation at 365 nm.

Plausible mechanism

Based on previously published reports, >! there are mainly two
factors that facilitate the photocatalytic decomposition of N,0 at the
surface of the photocatalyst: the reduction of N,0 into N, (Eq. 1) and
the oxidation of adsorbed oxygen species into O, (Egs. 2 and 3). The
photocatalytic decomposition involves the reduction of N,0. In
addition, hydroxyl groups can react readily with holes and thereby
restrict the recombination of charge carriers, >1-°3 while the presence
of oxygen vacancies serves as active sites that easily adsorb oxygen
species: >4

N20+e'9 N2+0a_ds (Eq 1)
20545+ 2h* > 0, (Eq. 2)
0445 +HY +e > OH (Eq. 3)

The plausible mechanism of CBOC, CBO, and BCO is following
conventional mechanism, i.e., as in the Egs. 1-3 (Fig. 7). Since CBOC
has a layered structure, the areas between layers can behave as the
active centers for the photocatalytic reaction. 27 The higher
performance of CBO could be ascribed to their mesoporous and
macroporous nature and generation of oxygen vacancies/defects
since its preparation from CBOC is accompanied by the evolution of
CO, gas. 38 It has been determined in previous study that thermolysis
of CBOC resulted in stabilization of mesoporous material with

This journal is © The Royal Society of Chemistry 20xx
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enriched oxygen vacancies which has been confirmed by Raman
investigations. 153 In addition, we reported earlier oxygen vacancies
played a major role to enhance catalytic properties of BCO. 36
Therefore, it is expected the oxygen vacancy sites at the surface of
CBO and BCO can bind with the oxygen of N,O and initiate the
decomposition of N,O as described in Egs. 4-5. 5> The pictorial
representation of the plausible mechanism is provided in Fig. 7.

NZOads - NZ (gas) + Oads (Eq 4)
Oads + Oads -> 02 (gas) (Eq 5)

hv
&
y
NO+e Ny +0, 4 20 ,4+200 20,
' N\
— Ca,Bi,0,(CO;),

V.
&

B
/ MO@+0 N0
{ \

| Mow N @O &

\ /
Ot O Oz(g)"'l(y
>

Fig. 7 Plausible mechanism for photocatalytic decomposition of N,O
using Bi-based photocatalysts.

The study of the surface chemistry on CBOC, CBO and BCO samples
before and after N,O decomposition was performed by using XPS to
support the proposed mechanism. The consistency in the peak
positions in the wide spectra of Bi, Ca, C, O (in CBOC and CBO) and
Bi, Ce, O (in BCO) before and after N,O decomposition highlights the
stability of the photocatalysts (Fig. S4) (ESIT). In the high resolution
XPS spectra of Bi 4f orbitals of the three samples (Fig 8a, b, c), the
splitting of Bi 4f;/; and Bi 4fs/, into multiple components after N,O
decomposition is due to spin orbital coupling and redox behaviour of
bismuth. Before N,0 decomposition, an additional Bi 4f peak appears
in CBOC compared to CBO and BCO and it corresponds to presence
of Bi-O and Bi-C bond. >® After N,O decomposition, the Bi 4f peaks
corresponding to Bi** appear, thus confirming Bi3* is oxidized upon
N,O decomposition (Fig. 8a, b, c).57-*® Concerning the O 1s spectra, a
sharp peak encountered at 530.7 eV can be attributed to lattice
oxygen in CBOC, while peaks at higher binding energies of 532.4 and
534.2 eV correspond to -OH and carbonate groups present in the
structure before N,O decomposition (Fig. 8d). The disappearance of
the peak corresponding to the -OH group suggests the photocatalytic
reactions involved hydroxyl groups. >! In the CBO and BCO samples,
the peaks at 529.3 eV and 529.0 eV represent the lattice oxygen
while surface adsorbed water molecule is identified at 532.8 eV. A
significant amount of oxygen vacancy was observed at 531.3 eV and
531.0 eV in the CBO and BCO, respectively (Fig. 8e,f).5° The presence
of C=0 groups in the samples might be due to residue left from
precursor during synthesis conditions. Among the three samples, it
can be stated that oxygen vacancy was in higher amount in the CBO,
thus supporting its higher photocatalytic activity.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 8 Deconvoluted high resolution XPS spectra of Bi 4f and O 1s for
(a, d) CBOC, (b, ) CBO and (c, f) BCO.

Experimental

All the chemicals used in this work were of analytical grade and
purchased from CentralChem s.r.o., Slovakia and Merck KGaA,
Germany.

Synthesis of Bi-based materials

The three different Bi-based materials, i.e., CaBi;0,(CO3),, CazBigO13,

and Bi,Ce,05, were synthesized by previously reported procedures.
35,36

CaBizoz(co_q)z (CBOC)

For the synthesis of CBOC, 0.485 g of (BiNOs); - 5H,0 was added to
10 ml ethylene glycol solution and kept on vigorous stirring at room
temperature for 10 min. Subsequently, 0.118 g of Ca(NOs), was
slowly added to the solution. This reaction mixture transformed into
a milky white colloidal suspension upon the incremental introduction
of a 5 ml saturated solution of K,CO3. The suspension was stirred at
room temperature for 30 min. Later, 15 ml of distilled water was
added to the reaction mixture and was transferred into a
solvothermal reactor. The vessel was heated at 140 °C for 72 h. After
completion of the reaction, the white-coloured solid product was
separated by centrifugation, washed with distilled water until the
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washings reached a neutral pH, and finally dried at 60 °C overnight.
35

Ca4Bi5013 (CBO)

To synthesize CBO, 1.0 g of CaBi,0,(C03), (CBOC) was heated at 675
OC for 12 h in a crucible in a muffle furnace and then cooled down
naturally to room temperature. A pale-yellow coloured product
resulted after the heat treatment.

Bi2C9207 (BCO)

BCO was synthesized using a hydroxide co-precipitation method.
Typically, 0.4342 g of cerium nitrate (Ce(NOs);-6H,0) dissolved in 5
ml distilled water and 0.4850 g of Bi(NOs);-5H,0 dissolved in a
minimum amount of concentrated HNO3; were mixed together. 1.2
M NaOH solution was incrementally added dropwise to the metal ion
mixture until the pH reached 12. The resulting suspension was stirred
for 6 h at room temperature. The solid precursor was separated
through centrifugation and underwent repeated washing until the
washings achieved a neutral pH. The solid was further dried in a hot
air oven at 60 °C, and the dried product was calcined at 600 °C for 6
h. 36

Characterization techniques

All powder samples were subjected to powder X-ray diffraction
(PXRD) using a PANalytical X-ray diffractometer equipped with CuKa
radiation to confirm the phase purity. Further, their lattice
dimensions were determined by performing Le Bail refinements of
the PXRD patterns using GSAS software. 6% 61 The morphology of the
samples was examined using scanning electron microscopy (SEM,
Tescan Lyra lll). The surface area measurements were recorded using
BET (Brunauer-Emmet-Teller method, Sorptomatic 1990 SERIES,
Thermo Quest CE Instruments, Italy) in the range of relative pressure
p/po = 0.05-0.25, and adsorption-desorption isotherms were
measured at p/p=0-1, with the low-temperature adsorption method
of N, at its boiling point of 77.7 K from vacuum to atmospheric
pressure. The optical properties of the samples were measured by
UV-VIS diffuse reflectance spectroscopy (DRS) using PerkinElmer
Lambda-35 with a 50 mm integrating sphere and utilizing BaSO,4 as
an external reference. The measured reflectance spectra were
transformed by the Kubelka-Munk algorithm and the Tauc’s plot was
applied to determine the energy of the band gap (E). 62 In order to
study surface chemistry of the samples before and after
photocatalytic reactions, X-ray photoelectron spectroscopy (XPS,
Omicron Nanotechnology, Mg Ka photon energy 1253.6 eV) was
used.

Photoelectrochemical and work function measurements

All three samples were investigated for photocurrent generation,
incident photon-to-current efficiency (IPCE) and work function
measurements. The photoelectrochemical properties were
determined using a photoelectric spectrometer (Instytut Fotonowy,
Krakow, Poland), and the work function was measured using a Kelvin
probe (Instytut Fotonowy, Krakow, Poland).

Photoelectrochemical measurements were performed using a
photoelectric spectrometer and a three-electrode configuration,
with Ag/AgCl and platinum wire as the reference and counter
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electrode. A thin layer of the analyte material depasited.ondlQs
coated transparent PET foil (60 Q/sq reSistanedOSigmaLARA4ER)
served as a working electrode. The working electrode was prepared
by the following procedure: 20 mg of the sample was finely ground
in the agate mortar, 150 ml of ethanol was added afterward and the
suspension was stirred in Eppendorf using Shaker Vortex mixer ZX4
(Velpsa) for 15 min. A thin layer was made from the suspension using
an Elcometer Micrometric film applicator (Elcometer 3570/1, Great
Britain). The ITO foil was washed with ethanol and dried at 80 °C
before the deposition of the thin layer. The deposited uniform film
was then dried at 80 °C in a dryer. The 0.1 mol- L™ KNO; solution (pH
= 6.1) was used as an electrolyte. The electrolyte was purged to
remove oxygen by argon before the photocurrent measurements for
15 min. Argon flow was kept constant during the entire experiment.
Photocurrents were recorded by irradiating the working electrode
from the backside with a xenon lamp (150 W) in the range of 250-
450 nm with a 10 nm step (controlled by a monochromator) and by
applying voltages in the range between -0.2 and 1.0 V (vs. Ag/AgCl).
The size of the working electrode is determined by the diameter of
the window (1.0 cm) and the irradiated surface area is 0.785 cm?.

Work function measurements were conducted using a Kelvin probe.
The technique consists of the measurements of contact potential
difference (CPD) between the oscillating reference electrode made
of a gold grid (also referenced as a tip) of a known work function (5.1
eV) and the working electrode (measured sample) of an unknown
work function. Obtained CPD is given by the difference in work
functions of the tip and the sample (Eq. 6). Therefore, the work
function of the sample is calculated according to equation 7.

CPD = q)sample - q)tip (Eq. 6)
<I)sampl(—: =CPD + <I)l.‘ip (Eq.7)

During the CPD measurement, the whole system was placed in a
grounded Faraday cage to reduce the electrical noise and the
influence of stray light. Temperature and humidity inside the Faraday
cage were monitored during the entire measurement. 100 mg of the
sample was pressed into a pellet under 100 MPa. The work function
was measured from minimally 5 different spots of the pellet. The
final value was determined as the average work function from these
spots.

Photocatalytic decomposition of N,O

Photocatalytic N,O decomposition experiments were implemented
in a batch photoreactor (200 ml). Initially, 0.1 g of powder
photocatalyst was positioned uniformly at the bottom of the batch
photoreactor to maximize the contact surface. Subsequently, the
reactor was filled with the mixture of N,O/He (concentration of
N,0 = 1030 ppm) and exposed to polychromatic UV-A (Ultraviolet
Products Inc., Apax = 365 nm) or UV-C (Ultraviolet products Inc., Anax
= 254 nm) pen-ray lamp (Fig. S5) (ESIT). The selected source was
situated on a quartz glass window on top of the photoreactor in a
horizontal position. Prior to initiating the reaction, a gaseous sample
was taken (at 0 h) through the septum by gastight syringe. The
gaseous samples were analysed by a gas chromatograph (Shimadzu
Tracera GC-2010Plus) equipped with BID (barrier discharge
ionization detector). The reaction mixture was irradiated at intervals
of 0-24 h with a sampling frequency of 2 h. All measurements were
repeated with resulted error below 5%. The stability of the

This journal is © The Royal Society of Chemistry 20xx


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d4ya00240g

Open Access Article. Published on 21 juni 2024. Downloaded on 27.06.2024 09.29.39.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(ec)

Energy Advances

investigated samples was demonstrated by repeated use of the same
batch, yielding consistent results. A reduction in N,O concentration
and an increase in the ratio of oxygen and nitrogen were observed.

Conclusions

This study emphasized the successful synthesis of CBOC, CBO, and
BCO and their exploration of the photocatalytic decomposition of
N,O for the first time. The Bi-based materials’ photoelectrochemical
properties and work function confirmed that they can be
photoactivated under UVA light. The highest photocurrent
generation was achieved in the presence of the CBO sample and
reached 0.09 pA at 1 V and 365 nm (with an IPCE of 0.4 %), which is
4.5-fold and 10-fold higher than for CBOC and BCO. CBO also
exhibited the highest performance in photocatalytic decomposition
of N,0, where 10.4 % was removed after 24 h under UV-A light.
Although CBO has the smallest surface area, its photocatalytic
performance highlights the complex combination of several
properties with different impacts. In the present case, the electronic
properties have a predominant role compared to the surface
properties. The mechanistic aspect was also deduced, and the
enhanced N,O decomposition using CBO was due to oxygen
vacancies. This work underscores the investigated Bi-based materials
are promising solar-light driven photocatalyst as (i) UVA is a part of
natural sunlight and (ii) optimization of optical and electronic
properties brought by Bi could harness also visible part of the solar
spectrum. Therefore, this work is an added-value in the fundamental
understanding of Bi-based materials in photocatalytic processes and
it highlights further investigations are necessary to maximize their
responsiveness and effectiveness under continuous sunlight
exposure.
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