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Abstract: The use of heterogeneous catalysts is fundamental in the search for sustainable chemical
processes. Research on hierarchical materials is a growing field aimed at optimizing the synthesis of
catalysts. In this work, layered materials with metals of different cationic ratios and three-dimensional
hierarchical structures have been synthesized in a simple and easy way using carbon spheres as
support. All materials were characterized with various techniques such as XRF, elemental analysis
XRD, FT-IR, SEM, and TEM to study their composition and structure. Finally, these materials were
used in the Baeyer–Villiger reaction, which was carried out under optimized conditions. The results
showed that the metal ratio was an important factor in the coating process, affecting the catalytic
capacity of the materials.

Keywords: carbon microspheres; hydrotalcite; metal ratio; Baeyer–Villiger oxidation

1. Introduction

One of the key objectives of Green Chemistry is to incorporate the use of eco-friendly
reagents and heterogeneous catalysts successfully. This approach aims to reduce environ-
mental harm, enhance process efficiency, and support sustainable chemical practices [1]. A
notable example of this synergy is found in the adaptation of the Baeyer–Villiger reaction,
where a ketone is oxidized to an ester using an organic peroxide. Originally developed
by Baeyer and Villiger, this reaction involved the formation of lactones from menthone
and carvomenthone by reacting with a mixture of potassium monopersulfate and sulfuric
acid without a solvent, operating in a homogeneous phase [2]. Later, this reaction was
applied for the oxidation of aldehydes with other oxidants such as peracids or peroxides.
However, the use of peracids is limited due to their hazardous effect on nature, making
treatment with H2O2 an attractive alternative that has been enhanced in recent research [3].
Although hydrogen peroxide is less active than peracids, its use requires a catalyst to
improve the reaction yield. That fact has led to an increase in the number of studies related
to the heterogenization of the Baeyer–Villiger reaction using catalysts. Moreover, the use of
catalysts provides simpler operational processes, allows for more economical reagents, and
reduces environmental impacts. Several catalysts have been explored for this purpose [4,5],
including layered double hydroxides (LDHs), which are also referred to as hydrotalcite-like
compounds or simply “hydrotalcites” (HTs) [6–10]. This has resulted in a rise in the number
of research efforts directed at enhancing these materials.

Hydrotalcites are particularly versatile due to their unique structural composition,
consisting of layers resembling brucite composed of Mg(OH)2 octahedra, and where mag-
nesium cations are centrally located in octahedra coordinated to hydroxyl groups (OH−)
at their vertices, with these octahedra sharing edges to create stacked layers. In HTs, the
layers carry a positive charge as a result of the substitution of some divalent cations (M2+)
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with trivalent cations (M3+). This way, electroneutrality is achieved due to the presence of
anions, which support the structure of the layers by compensating for the positive charge,
along with water molecules in the interlayer region. The general chemical formulae for
hydrotalcite is [M(II)1–x M(III)x (OH)2]x+ [Xn/x]n–·mH2O, where M(II) and M(III) represent
divalent and trivalent metals, respectively, and X denotes the interlayer anion [11–13].
The anion located in the interlayer region can be of organic or inorganic origin. [14]. This
structural versatility endows hydrotalcite with a wide range of physicochemical properties,
making it suitable for diverse applications in scientific and industrial fields [15,16].

Hydrotalcite being used as catalysts for the Baeyer–Villiger reaction requires the use of
a nitrile to react with hydrogen peroxide on their surface, forming peroxycarboximidic acid,
the actual oxidizing agent [17,18]. For this reason, the catalytic activity is predominantly
limited to the outer surface of the hydrotalcite. Thus, enhancing HT activity involves
modifying their surface physicochemical properties. Consequently, numerous researchers
have focused their studies on optimizing the synthesis process [15,19].

Recent advances in synthetic techniques have enabled the development of hierarchical
three-dimensional hydrotalcites for various applications [20–22]. This new generation of
materials includes carbon microsphere-based hydrotalcite composites [23]. Carbon micro-
spheres possess ordered structures that allow for the controlled arrangement of carbon
atoms, facilitating specific morphologies such as spherical shapes, tubes, or fibers [24–26].
Carbon surfaces exhibit a porous network with functional groups like hydroxyl (C-OH)
and carbonyl (C=O) [27]. These functional groups promote interactions among carbon
microspheres, enabling them to be potential nucleation sites for hydrotalcite growth. Hi-
erarchical hydrotalcite structures with carbonaceous materials are typically synthesized
using layer-by-layer deposition or in situ growth methods [23], involving coprecipitation
from a suspension of carbon. In earlier studies, our team documented the synthesis and
structural analysis of silica microspheres covered by Mg/Al hydrotalcite layers [28]. These
hybrid materials were subsequently used in the Baeyer–Villiger oxidation of different cyclic
ketones using hydrogen peroxide as the oxidant [29].

In this study, we have research about the impact of the ratio of divalent and trivalent
metals in the synthesis process of hierarchical materials on carbon microsphere structures,
and we evaluated their effectiveness in the Baeyer–Villiger reaction. Our findings highlight
the crucial role of metal composition in enhancing catalytic performance and structural
integrity, highlighting the importance of inducing homogeneous and compact growth to
optimize these properties.

2. Materials and Methods
2.1. Synthesis of Carbon Microspheres (CM)

Carbon microspheres were synthesized using the hydrothermal method. For this
process, 22 mmol of D-glucose was added to 25 mL of deionized water; this solution was
placed into a stainless Teflon-sealed autoclave with a capacity of 40 mL. The reaction oven
was maintained at 160 ◦C for 24 h. The resulting suspension was then filtered, rinsed with
100 mL of water, and dried overnight at 80 ◦C in an oven.

2.2. Synthesis of CM@HT Composites

The synthesis of carbon microspheres coated by 3D hierarchical hydrotalcite com-
posites was performed using the previously described in situ coprecipitation method. In
a standard synthetic procedure, a solution containing 0.02 mol of Mg(NO3)2 ·6H2O and
0.01 mol of Al(NO3)3 ·9H2O in 150 mL of deionized water (Mg/Al = 2) was slowly added
over 2 h to a solution of 500 mg of carbon microspheres in 500 mL of deionized water. Prior
to the addition, the microsphere suspension was sonicated (ultrasound bath: Ultrasons,
JP Selecta, 150 W) for 60 min to ensure a uniform dispersion. The pH was adjusted to
9 throughout the process by periodically adding 1 M NaOH while stirring vigorously at
60 ◦C. After 2 h, the resulting suspension was left to settle at 80 ◦C for 24 h, then filtered and
rinsed with 2 L of deionized water to obtain a solid known as HT. A similar procedure was
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used to prepare two other HTs in theorical metal ratios of 3 (0.03 mol of Mg(NO3)2 ·6H2O
and 0.01 mol of Al(NO3)3 ·9H2O) and 4 (0.04 mol of Mg(NO3)2 ·6H2O and 0.01 mol of
Al(NO3)3 ·9H2O). The resulting materials were denoted as CM@HT-X, where X represents
the specific metal ratio employed.

2.3. Characterization

To determine the metal ratio of the materials, X-ray fluorescence (XRF) spectroscopy
was performed using a Rigaku ZSK Primus IV instrument. The amount of carbon was
determined through elemental analysis, which was conducted using an EA3000 EuroVector
Elemental Analyzer, involving the complete combustion of 10 mg of sample material. To
clarify that the structure of the materials was hydrotalcite-like and to assess their crys-
tallinity, X-ray diffraction (XRD) was performed. The patterns were collected over the 2θ
range of 5−70◦ using Cu Kα radiation on a Bruker D8 Discover A25 diffractometer. The
lattice parameters were calculated using Bragg’s law (2dhkl sin θ = n λ). Peaks at (003),
(006), and (110) were utilized to determine the lattice parameters c and a. Parameter c,
representing three times the interlayer distance, was computed as 3·[d(003) + 2d(006)]/2. In
contrast, parameter a, which corresponds to the distance between two adjacent cations in
a brucite-like layer of hydrotalcite, was derived from 2·d(110). Crystallite size was deter-
mined using the Scherrer equation, Dhkl = R (λ/βcosθ). In this equation, R represents the
Scherrer constant (0.89), λ denotes the wavelength of the incident X-ray (0.154 nm), β is the
peak width at half maximum (in radians), and θ is the Bragg angle. To identify the nature of
the interlayer anion and verify the hydrotalcite-like structure of the materials, Fourier trans-
form infrared (FTIR) analyses were performed. FTIR spectra spanning the wavenumber
range of 400−4000 cm−1 were recorded using a Nicolet Magna IR 500 instrument, with the
samples prepared in a KBr matrix as a reference. Finally, to determine the proper hierarchy
of the materials, images were analyzed using scanning electron microscopy (SEM) and
high-resolution transmission electron microscopy (TEM). SEM images were acquired using
a JEOL JSM 7800F microscope operated at 5 kV and a working distance of 10 mm. TEM
images were obtained using a JEOL JEM 1400 microscope.

2.4. Bayer–Villiger Reaction

Baeyer–Villiger oxidation was carried out at 90 ◦C in a temperature-controlled round
bottom flask with stirring at 700 rpm. The reaction mixture included 0.012 mol of cy-
clohexanone, 0.098 mol of benzonitrile, 0.1 mol of 30% hydrogen peroxide solution, and
0.12 g of catalyst. The setup was equipped with a reflux condenser, and samples were
taken periodically. The reaction mixtures were analyzed using a Bruker gas chromatograph
(450GC) fitted with an Rxi-5Sil MS capillary column (30 m × 0.25 mm ID) and a flame
ionization detector (FID).

3. Results and Discussion
3.1. Characterization
3.1.1. Carbon Microsphere (CM)

Figure 1a,b show transmission and scanning electron micrographs of the synthesized
carbon microspheres. As observed, the microspheres exhibited a uniform spherical mor-
phology with a diameter of approximately 0.5 µm in all cases. Although they were linked
together forming agglomerates, they retained their spherical shape and exhibited smooth,
uniform surfaces. The XRD pattern shown in Figure 1c indicates that the microspheres
were amorphous. They displayed a wide main peak at 2θ = 21◦, which corresponds to the
(002) diffraction plane, and a weak peak at 2θ = 40.7◦, assigned to the (100) diffraction plane,
which is consistent with their amorphous carbonaceous composition [30]. Finally, the chem-
ical structure of the carbon microspheres (CM) was investigated using FT-IR (Figure 1d).
The broad band at 3500 cm−1, along with the region between 1000 and 1300 cm−1, cor-
responds to the O-H stretching vibration (hydroxyl groups). The band at 2920 cm−1 was
attributed to the C-H stretching of the aliphatic carbon. The bands at 1707 and 1620 cm−1
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are assigned to C=O and C=C vibrations, respectively, corroborating the aromatization
of glucose during the synthesis process. Lastly, the bands between 850 and 750 cm−1,
attributed to out-of-plane C-H aromatic bending vibrations, further indicate that aroma-
tization occurred [31]. In summary, these results confirm that the spheres were correctly
synthesized through a hydrothermal treatment.
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Figure 1. TEM (a); SEM (b); XRD pattern; (c) and IR spectrum (d) for the carbon microspheres.

3.1.2. Catalysts (CM@HT-X)

Table 1 shows the chemical composition of each CM@HT-X (X is the Mg/Al ratio) was
determined through XRF spectra (Figure S1) and elemental analysis. The experimental
values closely matched the theoretical ones, suggesting that the cations were accurately
incorporated into the solid phase. As observed, the Mg/Al ratio increased consistently
with the addition of more Mg in the synthesis. However, in the case where the Mg
proportion is higher, we observed a decrease compared to the theoretical ratio, which could
be attributed to the selective dissolution of the magnesium component during the washing
of the precipitate with distilled water [32]. Finally, the carbon content in the synthesized
materials was determined, and in all cases, the values were around 17%, indicating that the
quantity of carbon microspheres remained consistent throughout the synthesis process.

Table 1. Metal ratio, lattice parameters and crystallite for the CM@HT-X.

Catalyst χther
a χexp

b %C c d003 (Å) d c (Å) d a (Å) d ú(nm) e

CM@HT-2 0.33 0.34 18 7.8 23.4 3.05 14

CM@HT-3 0.25 0.25 16 7.8 23.4 3.06 14

CM@HT-4 0.20 0.22 17 7.9 23.7 3.07 15
a: theoretical metal ratio [χ = Al/(Mg + Al)]; b: experimental metal ratio as determined by XRF. c: experimental
anion as determined by elemental analysis. d: Lattice parameters; c and a were calculated from d(003) and d(110)
planes, respectively; e Crystallite size.

Figure 2 shows the XRD patterns for the synthesized hydrotalcites, all of which
exhibited the typical signals of layered materials. We observe narrow and symmetrical
peaks at low 2θ values, corresponding to the basal planes (003), (006), and (009), which are
parallel to the layers in the hydrotalcite structure. The reflections from these planes indicate
regularity in the layer spacing. Meanwhile, the less intense peaks at higher values represent
the non-basal planes (012), (015), and (018), which are not parallel to the layers of the
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structure. These planes intersect the layers and reflect the three-dimensional arrangement
of atoms within the structure. The reflections from these planes tend to be broader and more
symmetrical, indicating their dependence on the disorder within the layers or the variability
in the distance between atoms in different directions [33]. However, we can observe that
the peaks shown in Figure 2 are less symmetrical than those typically represented in these
materials. This can be explained by the fact that the layered materials are coating the
carbonaceous surface of the microspheres. This effect has already been demonstrated in
other articles, where it has been confirmed that the size of the layers is affected by the
coating of the materials. In cases where the growth of the hydrotalcites is unrestrained,
a considerable increase in layer size is observed [28,33], resulting in the formation of
more intense and narrow peaks than those shown in Figure 2. The synthesis using the
coprecipitation method results in smaller particle sizes compared to other methods and
also allows a more effective coating of carbon microspheres. Additionally, it was observed
that this coating effect produces smaller sheet sizes compared to similar syntheses without
coating [16]. If we observe the intensity of the diffraction patterns (015) and (018), they are
more intense in the CM@HT-2 sample. This difference in intensity could indicate variations
in the formation and alignment of the crystals in this sample compared to CM@HT-3
and CM@HT-4. One possible explanation for this higher intensity is the existence of
regions in CM@HT-2 with better crystalline ordering in certain planes, resulting in stronger
reflections. These more intense peaks suggest that the structure of CM@HT-2 may have
fewer restrictions on the arrangement of its layers, allowing for greater variability in
crystalline formation. This lower restriction could also indicate that part of the hydrotalcite
may be interacting differently with the carbon spheres or forming independently, thus
contributing to the more intense reflections observed.
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Table 1 lists the parameters of the hexagonal cells c and a, calculated from the XRD
patterns shown. The d003 values, determined using Bragg’s law, range from 0.78 to 0.79 nm,
with very similar values among the materials, demonstrating the presence of the same
anions in the interlayer region [34,35]. This information is corroborated by the c parameter,
which represents the distance between layers, where we observe similar values close to
2.3 Å. However, a slight increase in the a parameter, corresponding to the distance between
cations, was observed, consistent with the increase in the Mg/Al ratio in the materials.
Numerous publications have demonstrated that an increase in the concentration of divalent
metal in the material leads to an increase in the distance between cations [32,36]. Finally,
Table 1 shows the crystallite sizes of the different solids, calculated based on the intensity
and width of the peaks. The average crystallite size for each material was determined using
the Debye–Scherrer equation, considering the (003) and (006) diffraction lines [33]. As can
be observed, the crystallite size was similar across the different materials, suggesting that
the growth of the layers is independent of the metal ratio used in the synthesis process.
In all cases, the syntheses conducted in the presence of carbon microbeads resulted in
materials with lower crystallinity compared to those produced by a standard method. This
has been confirmed by other studies, which use starches as structure-directing agents [37].

Figure 3 shows the IR spectra of the synthesized materials in the wavenumber range of
400−4000 cm−1. As can be seen, all spectra correspond to hydrotalcite-type materials [38].
In the first region of the spectra, between 3800 and 3000 cm−1, we observe typical peaks for
O−H stretching vibrations associated with absorbed water and hydroxyl groups in the hy-
drotalcites. Additionally, a smaller peak appears around 1626 cm−1 in the 1200–1800 cm−1

region, associated with the bending mode of interlayer water. The most intense band at
1370 cm−1 can be assigned to carbonate anions in the intermediate layers (chelating or
bridging bidentate). Finally, lower intensity bands appear between 500 and 800 cm−1. The
peak around 650 cm−1 (ν4) is attributed to in-plane bending of the carbonate ions [38]. As
the Mg/Al molar ratio in the hydrotalcite increases, this peak broadens, indicating changes
in the local environment of the carbonate ions, likely due to variations in the arrangement
and interactions of Mg and Al ions within the hydrotalcite structure [39]. On the other
hand, the band at 555 cm−1 is attributed to the translational modes of hydroxyl groups,
influenced by Al3+ cations (Mg/Al−OH translation) [38].

Figure 4 illustrates SEM and TEM images confirming the deposition of layered double
hydroxides onto the carbon microspheres. As previously demonstrated, the synthesis
pH of nine promotes a slow, horizontal laminar growth on the carbon microspheres,
resulting in their encapsulation beneath hydrotalcite layers [28]. However, the growth
of hydrotalcite on the microspheres appears irregular, varying with the metal ratio. At
a Mg/Al ratio of two, the microspheres exhibit sparse coating, indicative of irregular
hydrotalcite growth as depicted in the SEM image. This irregular growth corroborates the
presence of multiple crystalline phases in the material, as observed in the XRD study (see
Figure 2). Nevertheless, evidence suggests that the layers form parallel to the carbonaceous
surface of the microspheres. At a ratio of three, the microspheres are fully coated with HT
layers. While a uniform coating begins throughout the material, the layers are partially
separated from the material. This results in the coexistence of crystalline hydrotalcite
phase adhered horizontally to the carbonaceous material and a semi-perpendicular phase,
confirming that the coating is complete around the sphere, but it is not entirely uniform.
Increasing the metal ratio to four results in materials that are exceptionally well-coated
and compact, as shown in the TEM image in Figure 4. The carbon microspheres are
entirely enveloped in HT exhibiting a compact structure, ensuring complete and thorough
encapsulation of the material. This indicates a significant improvement in the coating
process, with the higher metal ratio facilitating a more uniform and comprehensive coverage
of the microspheres. Additionally, this improvement in the metal ratio also contributes to
better crystallinity of the material, ensuring that the crystalline phases are more defined
and consistent throughout the microspheres.
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3.2. Catalytic Evaluation

To analyze the catalytic performance in Baeyer–Villiger reactions, CM@HT samples
were tested for the oxidation of cyclohexanone to ε-caprolactone using hydrogen peroxide
(H2O2) and benzonitrile (PhCN) in aqueous solution. Under these conditions, H2O2 and
PhCN were used in at least a 10-fold excess to ensure the reaction proceeded under pseudo-
first-order kinetics for cyclohexanone, allowing the kinetic law to be simplified to:

v = k[cyclohexanone]

and making the results solely dependent on changes in cyclohexanone conversion. The
presence of nitrile and hydrogen peroxide is crucial for the BV reaction to take place [15,18].

Moreover, in all reactions, a direct correlation was observed between the natural
logarithm of the cyclohexanone concentration and the reaction time. Figure 5 illustrates
the correlation between the natural logarithm of cyclohexanone and time for the different
synthesized materials. As previously mentioned, this correlation is linear, indicating that the
reaction rate follows first-order kinetics with respect to the concentration of cyclohexanone.

Ln
(

C0

C

)
= kt

where C0 and C are the cyclohexanone concentrations at times zero and t, respectively, k is
the rate constant, and t is the time.
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Table 2 presents cyclohexanone conversion after 24 h, selectivity towards ε-caprolactone,
and the rate constant for three Mg-Al hydrotalcite-coated carbon microsphere catalysts with
different metal ratios. All three catalysts proved effective in the reaction. The rate constant
was determined from the initial slope of ε-caprolactone formation over low conversion
times, exhibiting nearly linear regression. These results indicate 100% selectivity of the
catalysts towards ε-caprolactone. Minor variations in conversion among the three materials
at 24 h were observed, showing an increase in ε-caprolactone conversion correlated with the
metal ratio, with the highest value corresponding to CM@HT-4. This outcome was antici-
pated, as catalytic performance in the Baeyer–Villiger reaction with MgAl hydrotalcite-type
catalysts improves with higher Mg content, as indicated by Olszówka [32].
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Table 2. Conversion to ε-caprolactone in the Baeyer–Villiger oxidation of cyclohexanone.

Catalyst Conversion (%) a Selectivity b Time (h) k (10−3)(min−1) c

CM@HT-2 54 100 24 1.8
CM@HT-3 57 100 24 6.7
CM@HT-4 64 100 24 7.8

a conversion to 6 h, b Selectivity to lactone, and c rate constant.

However, there is a noticeable increase in the rate constant of the materials when
transitioning from a Mg/Al ratio of two to three, as depicted more clearly in Figure 6,
which illustrates catalyst conversion at short reaction times. This improvement in the rate
constant could be attributed to an enhancement in the coating of the carbon microspheres,
thereby improving the catalytic process. In the case of the CM@HT-2 catalyst, as observed
in Figure 4, it exhibits a heterogeneous coating, with a mixture of crystalline phases partly
adhered to the carbon microspheres and others growing independently. Furthermore, the
effect of ratio 2 has also been confirmed through X-ray diffraction (XRD) analysis, as shown
in Figure 2. Comparing ratios 3 and 4, where the complete coating is observed in both
cases, CM@HT-4 displays a more homogeneous and compact coverage. This uniform
coating indicates that the HT crystals surrounding the carbon spheres align more closely
and parallel to their surfaces—resulting in a material with more consistent crystallinity.
While crystal size is similar across all materials, the crystalline morphology of the HTs, both
in their coverage of the carbon spheres and their directional growth, significantly influences
catalytic conversion rates.
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3.3. Reaction Mechanism

In our previous research, we developed a mechanism to explain Baeyer−Villiger oxida-
tion reactions using hydrotalcites as catalysts [7,18]. This mechanism, outlined in Scheme 1,
consists of two consecutive stages. Initially, Bronsted basic sites on the catalyst surface are
attacked by hydrogen peroxide, which adsorbs onto the material to form a hydroperoxide
species. This species then reacts with benzonitrile molecules, forming a peroxycarbox-
imidic acid intermediate (the oxidant). In the subsequent stage, an electrophilic metal site
within the hydrotalcite absorbs the ketone via its carbonyl group, enabling immediate
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interaction with the intermediate acid to generate a Criegee-like adduct. This mechanism
resembles processes observed with homogeneous catalysts. Ultimately, the Criegee-like
adduct undergoes rearrangement to form the lactone. Therefore, the surface basicity of the
Mg centers in the hydrotalcite layer is a key factor in the process (Scheme 1). However,
as observed, hydrotalcite catalysts that have been uniformly and compactly coated onto
carbon microspheres show an improvement in the catalytic process, indicating a more
homogeneous crystalline structure in the materials.
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4. Conclusions

In conclusion, this study highlights the importance of heterogeneous catalysts in
advancing sustainable chemical processes. Layered materials with varying metal cation
ratios and three-dimensional hierarchical structures were synthesized using carbon spheres
as supports, facilitating straightforward catalyst optimization. Different characterization
techniques consistently revealed a hydrotalcite-like structure in the materials. Additionally,
it was observed that the synthesis process was efficient across the different metal ratios
used. The degree of coating was assessed using SEM and TEM, showing that the material
CM@HT-4 exhibited a more complete and homogeneous crystalline coating.

In the Baeyer–Villiger reaction under optimal conditions, the effect of crystalline
growth in the coating process significantly influenced catalytic performance. Notably, the
size of the crystallites had minimal impact on catalytic efficacy. However, the material
CM@HT-4, which had a more homogeneous and compact coating, exhibited superior
catalytic activity, highlighting the parallel growth of hydrotalcite crystals along the surface
of the carbon spheres. These findings emphasize the importance of crystalline growth
in the hierarchical structuring of hydrotalcite-like materials on carbon spheres and their
potential use as catalysts in the Baeyer–Villiger reaction.
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3. Latos, P.; Brzęczek-Szafran, A.; Krzywiecki, M.; Pawlyta, M.; Jakóbik-Kolon, A.; Kolanowska, A.; Chrobok, A. Highly Active and

Stable Catalysts for Baeyer–Villiger Oxidation—Traditional Postloading vs in Situ Synthesis of Fe/N/C Nanoparticles. Appl.
Catal. A Gen. 2023, 651, 119027. [CrossRef]

4. Yan, F.; Li, C.; Liang, X.; Guo, S.; Fu, Y.; Chen, L. Baeyer-Villiger Reaction in Different Catalysis. Recent Pat. Chem. Eng. 2013, 6,
43–56. [CrossRef]

5. Ma, J.; Wu, Y.; Pan, Q.; Wang, X.; Li, X.; Li, Q.; Xu, X.; Yao, Y.; Sun, Y. The Al-Containing Silicates Modified with Organic
Ligands and SnO2 Nanoparticles for Catalytic Baeyer-Villiger Oxidation and Aerobic Carboxylation of Carbonyl Compounds.
Nanomaterials 2023, 13, 433. [CrossRef] [PubMed]

6. Gorlova, O.; Paterova, I.; Karlikova, K.; Vesely, M.; Cerveny, L. Synthesis, Modification and Application of Layered Double
Hydroxides as Catalysts for Baeyer-Villiger Oxidation. Catal. Today 2022, 390, 69–77. [CrossRef]

7. Karcz, R.; Olszówka, J.E.; Napruszewska, B.D.; Kryściak-Czerwenka, J.; Serwicka, E.M.; Klimek, A.; Bahranowski, K. Combined
H2O2/Nitrile/Bicarbonate System for Catalytic Baeyer-Villiger Oxidation of Cyclohexanone to ε-Caprolactone over Mg–Al
Hydrotalcite Catalysts. Catal. Commun. 2019, 132, 105821. [CrossRef]

8. Gorlova, O.; Pribylova, P.; Vyskocilova, E.; Peroutkova, K.; Kohout, J.; Paterova, I. New Sn-Mg-Al Hydrotalcite-Based Catalysts
for Baeyer-Villiger Oxidation of β-Cyclocitral. Catal. Today 2024, 427, 114440. [CrossRef]

9. Korolova, V.; Dubnová, L.; Veselý, M.; Lhotka, M.; Kikhtyanin, O.; Kubička, D. On the Influence of Synthetic Parameters on the
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