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Abstract

Cryptomelane-type manganese oxides (OMS-2) were synthesized in the presence of microwave heating at different microwave frequencies and
also using variable-frequency heating. The materials were prepared using a two-step hydrothermal procedure. Catalytic activity of the materials
was tested for the oxidation of 2-thiophenemethanol. OMS-2 prepared at a high-frequency limit of 5.5 GHz showed the highest conversion (50%)
to the 2-thiophenecarboxaldehyde among all of the tested OMS-2 samples. The OMS-2 precursor showed remarkable conversion (89%) in the
oxidation reaction. In addition, the OMS-2 materials and the precursor showed differences in oxygen evolution based on the thermal decomposition
experiments, as well as differences in porosity.
 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Cryptomelane (OMS-2) is a microporous tunnel-structured
manganese oxide-type material. The mixed valency of man-
ganese makes OMS-2 a good semiconductor and oxidation cat-
alyst. Synthetic cryptomelane (OMS-2) is composed of MnO6

octahedra that are edge- and corner-shared. K+ is the pre-
dominant cation in the tunnel besides water molecules. The
tunnel size is 4.6 × 4.6 Å because of the 2 × 2 arrangement
of the MnO6 octahedra. The average manganese oxidation
state in OMS-2 is around 3.8, containing a mixture of Mn4+,
Mn3+, and Mn2+ ions [1–3]. Preparation of cryptomelane-
type manganese oxides is easy and inexpensive. Various syn-
thetic routes have been explored, including reflux [4,5], ther-
mal or hydrothermal treatment of birnessites [6,7], and a sol–
gel route [8,9]. The reflux method, involving the oxidation of
Mn2+ by KMnO4, is the most common route for preparing bulk
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OMS-2 materials. These materials have shown good catalytic
activity in alcohol oxidation [10,11].

The use of microwave radiation in chemistry has been ex-
tensively studied, and a number of publications have covered
this topic. Virtually all reaction types have been tested in a mi-
crowave field. Many chemical reactions and processes can be
accelerated [12–14], and in some cases selectivity can be im-
proved [15–17]. The amount of coupling with the electric field
of microwave radiation depends on the material type, namely,
the dielectric constant. The dielectric constant characterizes the
ability of the material to be polarized by the electric field [18].
Rapid heating occurs due to interaction of microwaves with ei-
ther dipolar molecules or ionic species [19]. Some researchers
believe that acceleration of microwave-assisted reaction rates
might be due to a different mode of transferring heat to reagents
and solvents. Others believe that absorption of microwave ra-
diation has some specific activating (nonthermal) effect on
microwave-absorbing molecules [20,21]. However, reasons for
the so-called “nonthermal” effects, like the enhanced catalytic
activity of the microwave-prepared materials, remain to be fully
explored and understood. Regardless, microwave processing
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provides an alternative and promising way of producing ma-
terials with improved properties according to reports in the lit-
erature [12,13,15].

Water is a very good medium for microwave-assisted syn-
thesis due to its high dielectric constant. Energy created by
solvent absorption leads to efficient heating of the reaction mix-
ture [22,23]. Manganese oxides have also been reported to have
a very high dielectric constant of ∼10,000; therefore, good
coupling can be expected with microwave radiation [24–26].
Microwave heating may produce some interesting effects as
compared with conventional heating.

There is a significant difference between variable-frequency
microwave (VFMW) heating and regular microwave heating.
During a VFMW operation, a selected bandwidth is swept
around a central frequency in a specified time, which keeps the
microwave energy from remaining focused at any given loca-
tion for more than a fraction of a second. Therefore, VFMW
frequency processes result in time-averaged heating [27,28]. In
the presence of standing waves of electric fields during constant
frequency microwave operation, arcing occurs from a charge
build-up in conductive materials. Arcing problems and local-
ized heating are eliminated using VFMW techniques [29]. Ap-
plication of different microwave frequencies and a VFMW op-
eration during the synthesis process could affect the properties
of materials.

2. Experimental

2.1. Synthesis

A two-step procedure was applied to prepare OMS-2 materi-
als. First, the OMS-2 precursor was prepared by a precipitation
reaction. Manganese acetate water solution was added dropwise
to a solution of potassium permanganate under vigorous stir-
ring at room temperature. The resultant brownish precipitate
was stirred for 24 h, followed by thorough washing with dis-
tilled deionized water. The precursor was placed in its wet form
in Teflon autoclaves, sealed, and hydrothermally treated in a
convection oven and a microwave furnace at 100 ◦C. The same
amount of the precursor was used for all syntheses, and approx-
imately the same volumes were used for the conventional and
microwave syntheses. The synthesis with conventional heating
took up to 24 h, whereas microwave-assisted synthesis took 4 h.
Approximately 0.5 g of each OMS-2 material was obtained.
Microwave frequencies of 2.45 GHz, 5.5 GHz, and variable-
frequency programs were used for the hydrothermal treatment
step. During the variable-frequency program, the microwave
frequency was swept continuously in the 3–5.5 GHz range with
a sweeping time of 1 s. The microwave power was generated at
approximately 100 W during the synthesis. The materials were
washed and calcined at 120 ◦C.

2.2. Characterization

2.2.1. X-Ray powder diffraction
The X-ray powder diffraction patterns of the samples were

collected using a Scintag 2000 PDS instrument with Cu-Kα
X-ray radiation with a 1.5418 Å wavelength. A beam voltage
of 45 kV and a 40-mA beam current were used. The JCPDS
database was used to identify the phases.

2.2.2. Field emission electron spectroscopy
The morphology was studied by field emission scanning

electron microscopy (FESEM) on a Zeiss DSM 982 Gemini
instrument with a Schottky emitter at an accelerating voltage
of 2 kV and a beam current of about 1 µÅ. The samples were
prepared for analyses by dispersing them in distilled deionized
water. Droplets of the suspensions were placed on a gold-coated
silicon wafer.

2.2.3. Transmission electron microscopy
Transmission electron microscopy (TEM) images were ob-

tained with a JEOL 2010 FasTEM at an accelerating voltage
of 200 kV. Powder samples were dispersed ultrasonically in
2-propanol, and the suspension was deposited on a Quantafoil
holey carbon-coated copper grid (R1.2/1.3).

2.2.4. Specific surface area and porosity measurements
The nitrogen sorption measurements were performed using a

Micrometrics ASAP 2010 accelerated surface area system. The
adsorption and desorption experiments were done at 77 K after
initial pretreatment of the samples by degassing at 130 ◦C for
12 h. The specific surface areas of the samples were determined
by the BET method, and the micropore size distribution was
reported using the Horvath–Kawazoe (HK) model. The meso-
pore/macropore size distribution was calculated by the BJH
method using the desorption data.

2.2.5. Thermal stability
The thermal stability of the samples was studied by thermo-

gravimetric analysis (TGA). The experiments were done with a
TA Instrument model 2950 under N2 atmosphere. The temper-
ature was increased from 30 to 900 ◦C at a rate of 10 ◦C/min
during the experiments.

2.2.6. Temperature-programmed decomposition
Analyses of outlet gases during thermal treatment of the

OMS-2 samples were performed by temperature-programmed
decomposition using mass spectrometry (TPD–MS). About
30 mg of each sample was loaded into a quartz tube, placed in
a tubular furnace controlled with an Omega temperature con-
troller, and purged with UHP He (Matheson) for 4 h at room
temperature. The samples were subsequently heated to 700 ◦C
at a rate of 15 ◦C/min in He. The exhaust carrier gas was col-
lected with an MKS-UTI PPT quadrupole residual gas analyzer
to monitor the evolution of water and oxygen.

2.2.7. Raman spectroscopy
Raman spectra were taken at room temperature in the range

of 100–2000 cm−1 with a Renishaw 2000 Raman microscope
setup, which includes an optical microscope and a CCD cam-
era for multichannel detection. A 514-nm argon ion laser was
used to record the spectra for the conventional OMS-2 and the
precursor.
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2.2.8. Average oxidation state determination
A potentiometric titration was used to measure the average

oxidation state of manganese in all of the samples. This method
comprises a two-step procedure, with the first step involving
determination of the total manganese content in a sample and
the second step measuring the amount of available oxygen in
the sample. A complete titration procedure has been described
previously [30].

2.3. Catalytic reactions

For the oxidation of 2-thiophenemethanol, 1 mmol of 2-
thiophenemethanol and 10 mL of toluene were placed in a
50-mL round-bottomed flask. Conventionally or microwave
synthesized OMS-2 (50 mg) was added to this mixture. The
OMS-2 precursor was also tested for catalytic activity. The re-
action mixtures were stirred and refluxed at 110 ◦C for 4 h under
an air atmosphere, then filtered. The recovered precursor cata-
lyst was washed with methanol, calcined at 250 ◦C, and tested
for reusability. The products of the experiment were analyzed
and quantified by GC-MS.

2.3.1. Product analysis
Identification and quantification of the reaction products

were done by GC-MS using an HP 5890 Series II gas chro-
matograph coupled with an HP 5971 mass detector for the prod-
uct analyses. An HP-1 (nonpolar cross-linked siloxane) column
with dimensions of 12.5 m × 0.2 mm × 0.33 µm was used.

3. Results

3.1. Structure and morphology

The XRD results of the prepared materials are illustrated in
Fig. 1. The patterns are consistent with the Q-phase of cryp-
tomelane (KMn8O16; JCPDS 29-1020). The OMS-2 precursor
appears to be amorphous manganese oxide with little crys-
tallinity and showing two broad peaks, one at d = 2.389 Å,
which matches the strongest line for cryptomelane, and another
at d = 3.937 Å. The JCPDS pattern of the Q-cryptomelane
phase is shown at the bottom of the figure.

Fig. 2 shows FESEM micrographs of the prepared materi-
als. All of the samples display fibrous morphologies typical of
cryptomelane regardless of the type of hydrothermal treatment
used. The fibers are a few hundred nm long and <100 nm in
diameter. The OMS-2 precursor shows a chunky morphology.
The cryptomelane samples obtained under different hydrother-
mal treatments do not show the presence of the precursor.

TEM micrographs show the details of the crystal structure of
the materials. Fig. 3 illustrates the morphology of the OMS-2
precursor. The sample appears to be mainly amorphous, with
some parts showing crystallinity. OMS-2 prepared at low mi-
crowave frequency (2.45 GHz) revealed cryptomelane mor-
phologies, as shown in Fig. 4. The inset in Fig. 4a shows
electron diffraction for a single fiber of the OMS-2 material
prepared with microwaves at 2.45 GHz. The d-spacing values
calculated from the diffraction pattern are in good agreement
with the XRD data for Q-cryptomelane (KMn8O16; JCPDS
29-1020). Fig. 5 shows TEM analysis of OMS-2 prepared at
high frequency (5.5 GHz). This sample reveals a nonuniform
morphology consisting of cryptomelane-like fibers as well as
smaller crystallites <100 nm long (Fig. 5b). The ratio of larger
to smaller crystallites is approximately 1:1 based on the TEM
images. The inset in Fig. 5a shows the electron diffraction for
OMS-2 prepared with microwaves at 5.5 GHz. The ring pat-
tern suggests that the crystallites are randomly oriented, and the
d-spacings calculated from the ring pattern are consistent with
the JCPDS file for Q-cryptomelane.

3.2. Surface area, porosity, and Mn average oxidation state

Table 1 presents the total pore volume, micropore vol-
ume, average pore diameter, and BET surface area of each
OMS-2 material. All of the samples show similar N2 ad-
sorption/desorption isotherms typical of mesoporous materials.
A representative type II isotherm for conventionally prepared
Fig. 1. X-Ray diffraction of OMS-2 made: (a) conventionally, (b) at 2.45 GHz, (c) at 5.5 GHz, (d) at variable frequency. XRD pattern for the precursor (e).
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Fig. 2. FESEM images of OMS-2 made: (a) conventionally, (b) at 2.45 GHz, (c) at 5.5 GHz, (d) at variable frequency. Part (e) depicts the precursor morphology.

Fig. 3. TEM images of the OMS-2 precursor: (a) low magnification, (b) high magnification.
OMS-2 is shown in Fig. 6. The figure’s inset shows the macro-
pore size distribution calculated by the BJH method with a
major pore size diameter of ∼530 Å. Fig. 7 depicts the isotherm
and macropore size distribution plot for OMS-2 synthesized at
5.5 GHz. All of the cryptomelane samples show a very wide
pore size distribution and BET surface areas in the same range.
The OMS-2 precursor exhibits a relatively narrow pore size
distribution, with an average pore diameter of 64 Å (Fig. 8).
The BET surface area of the precursor is 273 m2/g, around
four times higher than that of OMS-2. The OMS-2 precur-
sor shows a higher percentage of micropore volume (∼3.6%)
than the OMS-2 samples. Fig. 9 shows an HK differential pore
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Fig. 4. TEM images of the low microwave frequency OMS-2: (a) low magnification (the insert shows electron diffraction pattern for the single fiber), (b) high
magnification.

Fig. 5. TEM images of the high frequency OMS-2: (a) and (b) low magnification (the insert shows the electron diffraction pattern), (c) high magnification.

Table 1
N2 physisorption and Mn average oxidation state (AOS) determination results for the OMS-2 samples

Average pore
diameter (Å)

Total pore
volume (cm3/g)

Micropore
volume (cm3/g)

BET surface
area (m2/g)

AOS
±0.2

Conventional OMS-2 151 0.272 0.0030 67 3.72
2.45 GHz OMS-2 245 0.489 0.0031 80 3.92
5.5 GHz OMS-2 189 0.307 0.0042 73 3.75
Variable frequency OMS-2 271 0.437 0.0061 65 4.02
OMS-2 Precursor 64 0.468 0.0170 273 3.79
volume plot for the OMS-2 precursor indicating an average mi-
cropore size of the precursor of 5.7 Å. High-frequency OMS-2
(5.5 GHz) also showed quite a high micropore content (∼2%)
compared with the remaining OMS-2 samples.

Table 1 also contains results of the average oxidation state
determination for manganese. Conventionally made OMS-2 ap-
pears to have the lowest AOS of manganese. The material pre-
pared at variable-frequency operation revealed the highest Mn
AOS. The AOSs for manganese for all of the prepared materials
fall within a range characteristic for OMS-2.
3.3. Thermal stability

The results of TGA analyses are displayed in Fig. 10. All
the OMS-2 samples synthesized under different types of heat-
ing show similar thermal behavior. Three major weight losses
occur between 25 and 750 ◦C. The first weight loss, occurring at
up to 450 ◦C, is about 3% and can be attributed to physisorbed
and chemisorbed water. The second weight loss, ∼6%, occur-
ring at 450–650 ◦C, is due to oxygen evolution from OMS-2
materials, as reported previously [31]. The third weight loss, of
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Fig. 6. N2 adsorption/desorption isothermal plot of OMS-2 prepared by the con-
ventional hydrothermal technique. The insert shows the pore size distribution
plot by BJH method.

Fig. 7. N2 adsorption/desorption isothermal plot of OMS-2 prepared at 5.5 GHz
microwave frequency. The insert shows the pore size distribution plot by BJH
method.

Fig. 8. N2 adsorption/desorption isothermal plot of the OMS-2 precursor. The
insert shows the mesopore size distribution plot by BJH method.

Fig. 9. Horvath–Kawazoe micropore-size distribution for the OMS-2 precursor.

Fig. 10. Thermogravimetric analyses of OMS-2 made: (a) conventionally, (b) at
2.45 GHz, (c) at 5.5 GHz, (d) at variable frequency. TGA analysis of OMS-2
precursor (e).

approximately 3%, is due to the second lattice oxygen release
at 650–750 ◦C. The materials decompose to hausmannite dur-
ing the analyses.

3.4. Temperature-programmed decomposition

Fig. 11 illustrates the evolution of oxygen from the OMS-2
precursor and OMS-2 materials as a function of tempera-
ture. This oxygen peak appears as the lattice oxygen is liber-
ated due to heating in a He atmosphere. The temperature at
which the oxygen peak appears is the temperature at which
the Mn–O bond is broken and represents the thermal stabil-
ity limit for that material. The oxygen peaks can be classi-
fied as low-temperature (LT), medium-temperature (MT), and
high-temperature (HT) peaks, based on their evolution tem-
perature [32–34]. All of the materials show a major oxygen
evolution peak between 500 and 560 ◦C. The second, smaller
oxygen peak appears approximately 100 ◦C later. The O2 pro-
file for the OMS-2 precursor differs dramatically from those
for the OMS-2 samples. Oxygen begins to evolve at 200 ◦C
and appears as a broad bump in the TPD graph. It also gives a
sharp maximum at 500 ◦C. The second oxygen peak emerges at
700 ◦C. Low- and variable-frequency cryptomelanes both start
giving oxygen on heating at around 365 ◦C and show maxima
at 500 ◦C. In contrast, high-frequency cryptomelane shows oxy-
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Fig. 11. Oxygen evolution during temperature-programmed decomposition of:
(a) conventional OMS-2, (b) 2.45 GHz OMS-2, (c) 5.5 GHz OMS-2, (d) vari-
able frequency OMS-2, (e) precursor.

Fig. 12. Raman spectra of OMS-2 (a) and the precursor: (b), (c), and (d).

gen release as early as at 300 ◦C, with a slow increase to reach
a maximum at 520 ◦C. Conventionally prepared OMS-2 begins
to give off oxygen at a much higher temperature (∼430 ◦C) and
shows a maximum at 565 ◦C.

3.5. Raman spectroscopy

Raman spectra of the conventional OMS-2 and the OMS-2
precursor are represented in Fig. 12. The cryptomelane sam-
ple shows a weak band at 570−1 and a much stronger band at
645 cm−1. The precursor revealed different spectra for the dif-
ferent areas of the material. The sample contains a spectrum
similar to that for cryptomelane, as well as spectra that may be
associated with different types of manganese oxides. The pre-
cursor showed peaks at 500, 560, 635, and 655 cm−1. Bands
at 500–510, 575–580, and 630–640 cm−1 can be attributed to
MnO2. The peak at 650 cm−1 is associated with Mn3O4; the
peaks at 570 and 650 cm−1 are characteristic of Mn–O lattice
vibrations [35].

3.6. Catalytic reactions

Table 2 gives conversion and selectivity results for the
manganese oxide samples used as catalysts for the oxida-
tion of 2-thiophenemethanol. All of the tested materials show
Table 2
Conversion and selectivity in the oxidation of 2-thiophenemethanol using the
manganese oxide samples as the catalysts

Conversion (%) Selectivity (%)

Conventional OMS-2 19 100
2.45 GHz OMS-2 30 100
5.5 GHz OMS-2 50 100
Variable frequency OMS-2 40 100
OMS-2 precursor 89 100

100% selectivity to 2-thiophenecarboxaldehyde. The conven-
tional OMS-2 shows the lowest conversion in the oxidation
reaction. Cryptomelane prepared at the high microwave fre-
quency (5.5 GHz) exhibits significantly higher conversion than
that for the low-frequency OMS-2 (2.45 GHz). Conversion of
2-thiophenemethanol increases with increasing microwave fre-
quency of hydrothermal treatment. The OMS-2 synthesized at
VFMW operation (3–5.5 GHz) shows a conversion value be-
tween those for the high and low-frequency materials. The
OMS-2 precursor reveals the highest 2-thiophenemethanol con-
version, 89%. The catalyst was washed after the reactions with
acetone and methanol, calcined, and reused for the same oxida-
tion reaction. The conversion after the recycle was 72%.

4. Discussion

Synthesis times in the presence of microwave radiation, re-
gardless of frequency, were 6 times less than those from con-
ventional heating. The conclusion of the synthesis was deter-
mined, based on XRD analyses of the materials, on the presence
of all of the characteristic intensities for OMS-2 in the XRD pat-
terns. In addition, no broad precursor peaks were present in the
sample patterns of OMS-2. Interaction of the microwaves with
manganese oxide and water molecules that have high dielectric
constants may be responsible for the accelerated synthesis.

All of the OMS-2 samples revealed fibrous morphologies.
The OMS-2 precursor showed unidentified chunky particles.
X-ray analyses showed that the precursor’s pattern had one
major peak associated with the Q-phase of cryptomelane at
d = 2.389 Å; however, the other peaks were very broad. The
material appears to be mainly amorphous, mixed-valent man-
ganese oxide. TEM analysis revealed some order in parts of
the OMS-2 precursor; namely, lattice fringes are visible among
the disordered precursor material (see Fig. 3). OMS-2 synthe-
sized at high microwave frequency (5.5 GHz) has a very dif-
ferent morphology than OMS-2 synthesized at low microwave
frequency (2.45 GHz). OMS-2 synthesized at high microwave
frequency is composed of both small fibers (<100 nm in length)
and fibers of a size typical of OMS-2. The small crystallites
are possible building blocks of the longer fibers. Microwave
heating at a high frequency (5.5 GHz) may be responsible for
formation of the smaller particles. The smaller particle size of
the OMS-2 prepared at high microwave frequency (5.5 GHz)
may be one reason for the higher catalytic activity of the mate-
rial.

Raman spectroscopy data suggest that the precursor is a
mixture of different manganese oxides. Fig. 12 illustrates the
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spectra for synthetic cryptomelane and the precursor showing
peaks in the range of 500–655 cm−1. These bands can be at-
tributed to mixed-valent Mn in the manganese oxide systems.
The precursor sample showed different spectra in different ar-
eas, indicating that the precursor contains different manganese
oxide species. One of the spectra for the precursor resembled
the one for the synthetic OMS-2. This finding, in combination
with XRD results, suggests that the precursor can be in an in-
termediate stage between a disordered manganese oxide and
cryptomelane.

The precursor material showed remarkable conversion in the
oxidation of 2-thiophenemethanol to 2-thiophenecarboxalde-
hyde. The precursor preserved its catalytic activity after recy-
cling. The OMS-2 precursor has a very high BET surface area
(273 cm2/g) compared with the other manganese oxides. The
precursor has a significant percentage of micropores (3.36%)
and an average mesopore size of 64 Å. All of the other tested
materials have significantly larger pore sizes (151–271 Å). The
small size of the precursor micropores, along with the high sur-
face area, might be responsible for the high catalytic activity.
Small pores may better accommodate the ∼4 Å molecules of
2-thiophenemethanol and thus provide a suitable environment
for their conversion.

The precursor shows a very different oxygen evolution pro-
file than the OMS-2 samples. The precursor starts giving off
oxygen at temperatures as low as 200 ◦C. All of the OMS-2 ma-
terials release oxygen at a relatively high temperatures (above
300 ◦C). The early release could supply the oxygen needed for
the oxidation reaction. A high conversion (89%) is observed
in the oxidation of 2-thiophenemethanol using the precursor as
the catalyst. In addition, for the high-frequency OMS-2, oxy-
gen evolution begins at around 315 ◦C, much earlier than for
the other OMS-2 samples, resulting in superior catalytic ac-
tivity. TGA of the materials confirmed the TPD results. Three
major weight losses occur for all of the OMS-2 samples. The
second weight loss, occurring at 450–650 ◦C, is consistent with
the oxygen evolution from OMS-2 materials observed during
TPD.

Application of microwave heating during the OMS-2 syn-
thesis seems to have an effect on the catalytic activity. No
significant differences in morphology, surface area, or ther-
mal stability were observed between OMS-2 synthesized at
different frequencies and that synthesized at a variable fre-
quency. However, the material prepared in the presence of high-
frequency microwave radiation (5.5 GHz) showed remarkable
conversion in the oxidation reaction. Similar to the precursor,
the high-frequency material showed a considerable percent-
age of micropores (2.00%), which could have enhanced its
catalytic activity. Also, as in the case of the precursor, this
could affect the suitability of the ∼4 Å 2-thiophenemethanol
molecules in the pores. The smaller the pore size, the bet-
ter the accommodation of the alcohol molecules and also the
higher the conversion. Hydrothermal syntheses in the presence
of higher-frequency microwave radiation (5.5 GHz) might re-
sult in an OMS-2 catalyst with improved activity for the oxi-
dation of 2-thiophenemethanol to 2-thiophenecarboxaldehyde.
Ru-supported materials as selective catalysts in the oxidation of
2-thiophenemethanol have been reported [36]. However, OMS-
type materials would be a better alternative than a precious
metal catalyst due to their much lower manufacturing costs.

The effect of variable frequencies acting on the manganese
oxide precursor during the OMS-2 synthesis was not observed.
The possible reason for this could be that small synthetic vol-
umes (40 mL) were used, so that even single-frequency pro-
grams provided a sufficiently uniform electromagnetic field.
Using a variable-frequency program may be beneficial for
processing larger samples. In addition, the microwave ovens
used in this research were a multimode type, which also gave
good uniformity of the microwave field.

5. Conclusion

Our study of cryptomelane formation using microwave ra-
diation heating has provided interesting information about its
precursor. The disordered manganese oxide turned out to be
a spectacular catalyst for the oxidation of 2-thiophenemethanol
(conversion, 89%). Further studies will be conducted to eval-
uate its performance in other oxidation reactions. The mecha-
nism of the oxidation reaction using the precursor as the catalyst
will be also examined.

In addition, OMS-2 synthesized in the presence of mi-
crowave radiation revealed better conversions than obtained
with conventionally prepared OMS-2. Hydrothermal treatment
at a higher microwave frequency seems to be optimum for
obtaining the most active cryptomelane for the oxidation of
2-thiophenemethanol.
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