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Abstract

In this study, gold nanoparticles (Au NPs) were successfully supported on reduced graphene oxide (rGO) and Mg-BTC in
one pot under solvothermal conditions. The catalysts contain different amounts of Au NPs started from 1.0 up to 7.0 wt%.
All of these catalysts were characterized by different techniques such as XRD, BET, TEM, SEM, XPS and TGA. The results
exposed that the Au NPs were extremely dispersed on the surface of tGO@Mg-BTC catalyst as displayed in TEM and SEM
images. Moreover, the XPS study showed proved the existence of both Au’, Au'* and different surface oxygen species on
the catalyst surface. CO oxidation as a model reaction was then used to evaluate the catalytic activity of the as-synthesized
composites. The results showed the main and vital role of Au NPs, their distribution and oxidation state in the oxidation of
CO gas at low temperatures. Where the study proved the presence of both Au® particles and surface oxygen species on the
surface increases the rate of adsorption and oxidation of CO gas. The study also showed that these catalysts prepared in one
pot have outstanding stability with the possibility of reuse up to ten times without losing their catalytic activity. Which makes
these catalysts have a high efficiency in protecting the environment from the poisonous CO gas.
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1 Introduction

Currently, there is a rapid progress in industrial plants and
vehicles which produce humungous amounts of waste gases
that are very toxic to the human health and environment. One
of the most toxic gases that emitted from devices with com-
bustion process is carbon monoxide (CO), which does not
react with the substances directly, but it binds to hemoglobin
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directly and replace the oxygen. Therefore, their removal is
a crucial task of today, while keeps still a great challenge
[1-3]. One of the most significant processes for air purifica-
tion is CO oxidation at lower temperature, which depends
on the oxidation of CO to CO, [4-7]. CO oxidation at lower
temperature received much consideration because of its sig-
nificant applications in numerous fields such as preferential
oxidations (PROX) in hydrogen-rich streams, close-cycle
CO, lasers, automobile exhaust emission control, respiratory
protection and indoor air purification and CO gas sensors [1,
8]. Lately, the technology option has found a new applica-
tion for removing trace CO from confined spaces including
coal mine refuge chambers, space-crafts and submarines [9].

Mesoporous materials are widely as catalyst and/or
support in many applications [10—13]. One of the most
highly porous crystalline materials in the last few years
is metal-organic frameworks (MOFs), which constructed
from polyfunctional organic linkers and metallic clusters
or metal ions [14-19]. MOFs have attracted considerable
attention due to their very high surface area, tunable pore
sizes, modifiable surface properties, well-defined channels
or cavities and remarkable permanent porosity [20, 21].
These physico-chemical properties offer numerous applica-
tions in different fields including heterogeneous catalysis,
gas storage media, gas separation, dye and metal removal,
chemical sensors and batteries, drug carriers and biomedical
imaging [22-29]. Several approaches were used to modify
and increase the catalytic sites or unsaturated coordination
sites of metal organic frameworks through surface modifi-
cations by different active species including transition met-
als or noble metals nanoparticles [30-32]. These catalytic
activities of metal organic frameworks have been examined
for liquid-phase reactions such as oxygen reduction reactions
in fuel cells [33], photocatalytic hydrogen production [34],
organic transformations reactions [21] and cyanosilylation,
isomerization, polymerization and hydrogenation reactions
[35]. Otherwise, only few gas—solid reactions using metal
organic framework have been verified in CO oxidation [36,
37]. One of the most novel and unique MOFs is Mg-BTC,
which constructed from magnesium metal or cluster bonded
with 1,3,5 benzene tricarboxylic acid (BTC) as a linker.
Mg-MOF has potential application including drug delivery,
catalysis and adsorption [38, 39].

One of the most important supports that used as catalysts
is reduced graphene oxides because of their unique structure,
intrinsic properties and ability for surface modification [40].
Graphene-supported over different metal oxides of nano-
particles such as TiO, [41], CeO, [42], MnO, [43], Pd [44]
and Pt [45] catalysts have been lately testified on numerous
catalytic reactions and showed excellent activities. Nobel
metals supported on different materials exhibited excellent
behavior towards CO oxidation. Gold (Au) nanoparticles is
one of the most important transition Nobel metal that used to

improve CO oxidation at lower temperatures [46, 47]. This is
due to unexpected catalytic activities when the particles size
is decreased to nanometer scale, low-coordinated Au atoms,
charge transfer and Au oxidation state [46—49].

In current work, an attempt was completed to enhance the
ability of Mg-MOF toward catalytic CO oxidation reaction
by modification with reduced graphene oxide and different
weight contents of gold nanoparticles. Magnesium-based
metal organic framework (Mg-BTC) was successfully syn-
thesized from the interaction between trismic acid (BTC) as
a linker and magnesium metal clusters as a node. Our tactic
is to improve the catalytic activity of the prepared MOF in
presence of graphene oxide and gold nanoparticles through
one pot solvothermal synthesis method. The as-synthesized
composites (x wt. AurGO@Mg-BTC) were characterized
using numerous techniques such as XRD, BET, TEM, SEM
and XPS. The catalytic activities of the prepared composites
were testified toward CO oxidation and the stability of these
composites were investigated.

2 Experimental
2.1 Preparation of the Catalysts

Firstly, reduced graphene oxide (rGO) was prepared through
modified Hummer method as explained in detail in our ear-
lier work [40]. After that, 1.0 wt% rGO@Mg-BTC were
synthesis by the same approach that used in the preparation
of Mg-BTC but in the presence of reduced graphene oxide
[38]. Typically, a stock solution consists 30 ml dimethylfor-
mamide (DMF), 40 ml ethanol and 30 ml deionized water
was prepared. Then calculated amount of graphene oxide
was dispersed and sonicated in 30 ml of the stock solution
for 1 h (solution A). On the other hand, 1.314 g of magne-
sium nitrate and 0.708 g of trismic acid (H;BTC) were com-
pletely dissolved in 30 ml DMF (Solution B). After that, the
two solutions (A and B) were mixed by stirring for 30 min.
then transferred to the Teflon lined autoclave and heated
to 120 °C for 24 h. The resulting composite was separated
by centrifuge, washed three times with DMF followed by
ethanol and dried at 100 °C overnight. For the preparation
of gold NPs with different amounts (1.0, 3.0, 5.0 and 7.0
wt%) supported on rtGO@Mg-BTC, calculated volumes of
gold(III) chloride hydrate solution were added during the
preparation of rtGO@Mg-BTC composites as shown before.

2.2 Characterization
XRD patterns of all prepared catalyst were examined
using X’Pert Philips PW150 diffractometer, which oper-

ated at 40 kV and current value 45 mA using Cu Ka
(A=0.15417 nm). All the prepared catalysts were scanned
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from 20 equal 10° to 80° to clarify the crystallinity. The
average pore diameter, pore size distribution and specific
surface area of the prepared catalysts were calculated from
N, adsorption/desorption studies at — 196 °C using Quanta
Chrome NOVA touch LX* instrument. The topography
and morphology of the prepared samples were investigated
using transmission electron microscopy (TEM, JEOL JEM-
2100) and scanning electron microscope (SEM, Jeol JSM-
6510LV). The chemical structure and oxidation states of the
catalysts were examined through XPS measurement using
thermo ESCALAB 250Xi spectrometer with a monochro-
matic Al Ka (1486.6 eV) radiation. The thermal stability of
the composites was measured using Shimadzu TGA-50/50H
thermogravimetric analyzer at range of 30-800 °C with a
temperature rate of 20 °C min~" in air.

2.3 Catalytic Activity Test

CO oxidation studies were examined through the following:
firstly, 0.7 g of the prepared samples were treated in helium
gas flow at 110 °C for 15 min to remove all adsorbed impu-
rities and moisture on its surfaces. Then, the catalyst was
moved to a tubular quartz reactor with an inner diameter (i.d)
equal 6 nm then transferred to Thermolyne 2100 program-
mable tube furnace reactor. Then, a gas mixture contain-
ing 76.0 wt% Argon, 20.0 wt% oxygen and 4.0 wt% carbon
monoxide was passed over the catalyst with 50 cc min~!
flow rate and the temperature of the prepared catalyst was
increased with a heat rate 5 °C min~! from room temperature
till complete oxidation of CO. The conversion of CO to CO,
was detected by an infrared gas analyzer (MGA 3000 multi-
gas analyzer, ADC).

3 Results and Discussion
3.1 X-Ray Diffraction Pattern (XRD)

The XRD patterns of pure and modified Mg-BTC with a
different weight percentage of gold NPs (1.0, 5.0, 7.0 wt%)
are displayed in Fig. 1. The XRD pattern of the support (Mg-
BTC) obviously shows the presence of characteristic peaks
at 20 equal 24.9°, 36.9° and 50.4° which are in good agree-
ment with the prevously reported patterns (CCDC 768995)
revealing that the Mg-BTC metal organic framework was
successfully synthesized and have excellent crystallinity [39,
50]. After modification with GO and Au NPs, There are
other peaks were observed at 20 equal 40.1°, 46.5°, 66.2°
which are slightly matched with face-centered-cubic Au
(JCPDS No.001-1172) [48] with some shifting at 20 equal
40.1° compared with referenced Au (111) peak (38.2°). This
shifting could be due to the existance of rGO and Mg-BTC
in the same framework [51]. Also, the figure displayed that
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Fig. 1 XRD Patterns of (a) Mg-BTC, (b) 1.0 wt%, (c) 5.0 wt% and
(d) 7.0 wt% Au/GO@Mg-BTC
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Fig.2 N, adsorption—-desorption isotherms of pure and modified Mg-
BTC with rGO and Au NPs

the intensity related to Au NPs was increased with increas-
ing the amount of gold on the surface of Mg-BTC. The XRD
results revealed that the Mg-BTC keeps its structure stable
even after modification with rGO and different amounts of
Au NPs, and all Au NPs are successfully dispersed homo-
geneously and finely on the surface of rGO@Mg-BTC
nanocomposite.

3.2 Surface Area Measurements

The textural properties of the prepared composites (Mg-BTC
and x wt% Au/rGO@Mg-BTC) were investigated through
N, physisorption studies, the results are displayed in Fig. 2.
The figure reveals that all the as-synthesized composites
have a type-II isotherms with H3 hysteresis loop according
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to the IUPAC classification which prove that the prepared
samples contain mesoporous nature and the presence of a
hysteresis loop at high relative pressure (P/P°) related to the
stacking particles in the holes [52-54]. Surface area (Sggpt)
and pore structure parameters of the as-synthesized catalysts
were displayed in Table 1. The table showed that Sgpp of
Mg-BTC was raised from 731 to 781 m? g! after modifica-
tion with reduced graphene oxides (rGO), which may be due
to the attachment of rGO to the surface of Cu-BTC to form a
more porous structure [4]. On the other hand, when rGO @
Mg-BTC composite was modified with different weight con-
tents of gold nanoparticles, the surface area decreased until
it reached 363 m? g~ at 7 wt% Au/rGO@Mg-BTC. This
decrease in surface area may be due to the stacking of gold
NPs inside the pores of rGO@Cu-BTC crystals [4].

The pore size distributions of the prepared catalysts were
measured using a BJH method and the results are shown
in Fig. 3. The figure indicates a broad distribution in the
mesoporous range of 2—-50 nm for all the prepared nanocom-
posites. Pure Mg-BTC displayed uniform and narrow pore
size distributions centered at 6.3 nm, which decreased with
increasing rGO to 5.5 nm and there is a new peak observed
at 2.7 nm in the case of rGO@Mg-BTC. After modification
with Au NPs, the main peak was decreased to a lower pore
diameter. Also, the intensity of the main peak was decreased
which could be attributed to the low surface area.

3.3 SEM Images

The morphology of pure and modified Mg-BTC catalysts
with Au NPs were investigated through scanning electron
microscopy (SEM) images and displayed in Fig. 4. Accord-
ing to Fig. 4a, the Mg-BTC catalyst displayed 2D nanosheets
like structure, when the rGO was inserted the nanosheets
structure was changed to an irregular sheet like structure
(Fig. 4b). After modification with gold nanoparticles, there
are different spherical nanoparticles were observed in the
nanosheets like structure (Fig. 4c, d). The figures displayed
that the spherical nanoparticles were increased with the
increase in the contents of Au NPs, which reveals that Au
NPs were successfully dispersed on the surface of rGO@
Mg-BTC.

—&— Mg-BTC
—e— rGO@Mg-BTC
1.0 wt.% Au/rGO@Mg-BTC
== 3.0 wt.% Au/rGO@Mg-BTC
5.0 wt.% AulrGO@Mg-BTC
== 7.0 wt.% Au/rGO@Mg-BTC

0.020 A

0.015 A
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AVIAr (cc/nm/g)
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0.000 T T T T T T T

Pore radius (nm)

Fig.3 Pore size distribution of pure and modified Mg-BTC with rGO
and Au NPs

3.4 TEMImages

To clearly prove the dispersion of Au NPs on rtGO@Mg-
BTC, TEM images of Mg-BTC, rtGO@Mg-BTC, 3.0 wt%
and 7.0 wt% Au/rGO@Mg-BTC were recorded. According
to Fig. 5, Mg-BTC catalyst possesses a disordered sheets like
structure even after the addition of rGO (Fig. 5a, b). After
modification with a different weight percentage of Au NPs,
it can be found that nanosized spherical Au NPs were well
dispersed on the surface of rGO@Mg-BTC and the number
of these nanoparticles was increased with increasing the
amount of Au NPs loading (Fig. 5Sc—e). According to the Au
nanoparticle size distribution histograms (Fig. 1S), the aver-
age sizes of Au nanoparticles were found to be 14.6, 15.1
and 15.9 nm for 3.0, 5.0 and 7.0 wt% Au/rGO@Mg-BTC
respectively, which displayed that the average crystal size
was increased by increasing the contents of gold.

3.5 XPS Measurements
X-ray photoelectron spectroscopy (XPS) was used to

investigated the surface composition and chemical state
of the prepared catalysts. As displayed in Fig. 6. Figure 6a

Table 1 surface structure

. . Sample BET surface Pore volume Pore diam- CO conversion

parameters and cgtalytlc activity area (m? g~ ) (em® g™ eter (nm)
of the as-synthesized catalysts Ts5 (°C) T g0 (°C)

Mg-BTC 731 0.68 6.2 209 222

rGO@Mg-BTC 780 0.73 54 205 213

1.0 wt% Au/rGO@Mg-BTC 690 0.63 4.7 113 138

3.0 wt% Au/rGO@Cu-BTC 642 0.54 4.5 64 76

5.0 wt% Au/rGO@Cu-BTC 488 0.42 4.1 39 48

7.0 wt% Au/rGO@Cu-BTC 363 0.39 35 81 126
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Fig.4 SEM images of a Mg-
BTC, brGO@Mg-BTC, ¢ 3.0
wt% Au/rGO@Mg-BTC and d
7.0 wt% Au/rGO@Mg-BTC

showed the survey spectra of 5.0 wt% of gold supported
on rGO@Mg-BTC, which showed four main peaks (gold
(Au), Magnesium (Mg), Oxygen (O) and carbon (C))
observed at binding energy values of 90.4 (Au4f), 1302.5
(Mgls), 532.5 (Ols) and 283.9 eV (Cls). From the survey
spectra, the weight percentage of each element was found
to be that Audf has 4.5 wt%, Mgls has 14.6 wt%, Ols
has 34.8 wt% and Cls has 46.1 wt%. These data proved
that the actual composition of 5.0 wt% Au/rGO@Mg-BTC
is very close to the theoretical value. Additionally, the
high resolution XPS spectrum in Fig. 6b was fitted to two
peaks. The two peaks located at 83.7 eV and 88.6 eV are
attributed to Au 4f7/2 and 4f5/2, which exhibit a nega-
tive shift of 0.3 eV and 1.0 eV in comparison to 84.0 and
87.6 eV of the bulk Au. It is generally believed that this
shift is caused by electron transfer from plasmonic Au to
rGO@Mg-BTC that may be due to the strong electronic
interaction between the Au and the support, which has
also been reported by other research groups [55-58]. On
the other hand, The XPS spectrum of Cls was displayed
in Fig. 6¢, in which there are four main peaks observed
at 284.6, 286.2, 288.1, 289.6 eV that are related to C—C/
C=C and C-H bond, C-0O and C=0, respectively, dem-
onstrating the existence of BTC [5]. Also, Fig. 6d showed
three peaks positioned at 529.6 eV (carbonyl (C=0)),
531.5 eV (carboxylic (O—C=0)) and 533.3 eV (Hydroxyl
(H-0)) [59]. The high-resolution spectrum of Mgls spec-
trum displayed two peaks positioned at about 1303.7 and
1304.9 eV, which are attributed to Mg—O and Mg—C bond-
ing, respectively (Fig. 6e) [60]. The oxidation state of the
gold supported on rGO@Mg-BTC was confirmed.

@ Springer

3.6 TGA Analysis

Thermal gravimetric analysis (TGA) was introduced to
measure the thermal stability of the as-synthesized catalysts
as displayed in Fig. 7. The figure displayed that TGA curve
of the prepared catalysts has a thermal behavior with two
separated regions. The first region is attributed to the evapo-
ration of the adsorbed water molecules and the second one is
related to the decomposition of the structure. From Fig. 7a,
Mg-BTC catalyst starts to decompose from 105 to 145 °C
with weight loss 10.6% (evaporation of adsorbed water).
Then, decomposed again at temperature ranged from 282 to
371 °C with weight loss 33.1% (decomposition of the struc-
ture). While -tGO@Mg-BTC (Fig. 7b) showed 7.9% weight
loss at the first region and 27.5% weight loss at tempera-
ture ranged from 330 to 440 °C. From these data, addition
of rGO over Mg-BTC could enhance the thermal stability
of Mg-BTC due to the good stability of rGO after 300 °C.
After addition of Au NPs, the thermal stability of Mg-BTC
was improved due to the existance of gold nanoparticles as
metals [4, 61].

3.7 Catalytic Performance

The catalytic performance of the as-synthesized gold nano-
particles supported on rGO@Mg-BTC catalysts toward
CO oxidation are shown in Fig. 8 and their corresponding
light-off temperatures at 50% (Ts,) and 100% (T,,,) CO
conversions are cited in Table 1. According to Fig. 8a, the
oxidation of CO over pure Mg-BTC was started at around
200 °C where Ts, and T, are found to be at 209 and 222 °C
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Fig.5 TEM images of a Mg-
BTC, b rtGO@Mg-BTC, ¢ 3.0
wt% Au/rGO@Mg-BTC, d 5.0
wt% Au/rGO@Mg-BTC and e
7.0 wt% Au/rGO@Mg-BTC

respectively. The activity of pure Mg-BTC may be attrib-
uted to the support’s porous structure (Sggr, 730.9 m? g7l
Vo 0.68 cm® g71) having a large amount of surface defects,
that could adsorb and activate CO and O,. Sadri et al. [59]
did not observe any catalytic activity of the Mg-BTC up to
200 °C, which is consistent with these results. Moreover,
the modification of Mg-BTC with 1 wt% rGO was accom-
panied by a slight enhancement of the catalytic performance
where Ty, and T, are shifted to 205 and 213 °C (Fig. 8b,
Table 1). Interestingly, when rtGO@Mg-BTC nanocomposite
was modified with Au NPs remarkable enhancement of the
catalytic performance was observed as shown in Fig. 8c—f.
This outstanding behavior of Au supported catalysts may
explain the critical role played by Au NPs. Furthermore,
the increase of AuNPs content from 1 wt% up to 5 wt% was
accompanied by the gradual shift of Ts, and T, to lower

temperatures as observed in Table 1. These results indicated
that the 5.0 wt% Au/rGO@Mg-BTC sample exhibited the
best catalytic performance toward CO oxidation (Tsy=39 °C
and Ty, =48 °C) compared to the other catalysts. Con-
versely, at a higher Au NPs loading (7 wt%) notable decrease
in the activity was observed and the values of Ts, and T,
were shifted to 81 and 126 °C, respectively. This decrease
in catalytic activity was accompanied by a notable decrease
in the surface area which and the agglomeration of gold NPs
on the support as evident by XRD and TEM images.

The mechanism of CO oxidation was previously dis-
cussed by many authors and it was reported that the oxi-
dation mechanism may be affected by many factors such
as the dispersion, particle size and oxidation state of the
Nobel metal as well as active oxygen supplied by the support
[62-65]. In the present work, it seems that the CO oxidation
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Fig.8 CO conversion as a function of temperature of (a) pure Mg-
BTC, (b) -IGO@Mg-BTC, (c) 1.0 wt%, (d) 3.0 wt%, (e) 5.0 wt%, (f)
7.0 wt% Au/rGO@Mg-BTC
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mechanism is through the adsorption of CO gas on the sur-
face of Au’, followed by the oxidation process by the active
oxygen supplied by the support. This idea may be supported
by XPS results which proved the existence of Au® as well
as different forms of surface oxygen species on the support
surface. Thus, when the dispersion of Au NPs is optimum as
in case of 5 wt% Au/rGO@Mg-BTC catalyst (as evident by
SEM and TEM images), the number of active centers of Au’
NPs exposed to the surface increases, which is accompanied
by an increase in the rate of adsorption and oxidation of CO
gas. Moreover, the higher loading of Au NPs (7 wt%) is
accompanied by the agglomeration and grow of some popu-
lations of Au NPs on the surface, which reduces the number
of active centers and thus reduces both the rate of adsorption
and oxidation of CO gas.

The effect of the catalyst weight on the oxidation of
CO was investigated over some selected catalysts, and the
observed results are presented in Fig. 9. The results dem-
onstrate that by increasing the catalyst weight from 0.01 to
0.07 g, the 100% conversion temperature of CO oxidation
was shifted to lower values. This expected shift of the 100%
CO conversion to lower temperatures may be attributed to
increasing the number of active sites as the catalyst weight
is increased. Additionally, some slight changes in the 100%
CO conversion temperatures were observed when the cata-
lyst weight was increased from 0.07 to 0.1 g. According to
these results, the optimum catalyst weight that used in all
CO oxidation experiments was chosen to be 0.07 g.

The reusability test was investigated over some selected
catalysts, in this experiment 0.07 g of each catalyst was
used in ten consecutive runs without any further treatment,
the results were collected and displayed in Fig. 10. As it can
be seen, the catalysts exhibited excellent reusability where
the 100% CO conversion temperatures (T,,,) were slightly
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Fig. 10 Reusability test according to T, value over (a) 3.0 wt%, (b)
5.0 wt% and (c) 7.0 wt% Au/rGO@Mg-BTC

changed even after 10 successive runs. This could be due to
the good dispersion of Au NPs and high surface area of the
as-synthesized catalysts that guarantying good stability and
high catalytic activity. Also, the stability of the catalyst was
measured by comparing the catalytic activity of 5.0 wt% Au/
rGO@Mg-BTC with the same percentage of gold on reduced
graphene oxide (5.0 wt% Au/rGO) and on Mg-BTC (5.0 wt%
Au/Mg-BTC) as displayed in Fig. 2S. The results showed that
5.0 wt% Au/rGO@Mg-BTC sample still exhibited the best
catalytic performance toward CO oxidation (T5,=39 °C and
T 00=48 °C) compared 5.0 wt% Au/rGO (T5,=106 °C and
T 00=113 °C) and 5.0 wt% Au/Mg-BTC (T5,=114 °C and
T 0o=127 °C). This enhancement of the catalytic performance
in the presence of rGO could be due to graphene-based mate-
rials with functional groups and defects of different nature,
play one of the major roles in catalysis, by activating oxy-
gen dissociation and electron transfer between gas molecules
and catalysts surface [66, 67]. Moreover, plays a vital role in
the dispersion of Au NPs on the catalyst surface, resulting in
higher number of Au active sites compared with the catalyst
without rGO [67, 68].

The catalytic activity toward CO oxidation over Au NPs
catalyst supported on different supports was examined in
numerous previous literatures [69-71]. So, by comparing our
recent work with previously reported Au NPs supported cata-
lysts (Table 1S), we found that 5.0 wt% Au/rGO@Mg-BTC act
as an excellent catalyst toward CO oxidation by achieving the
value of 100% CO conversion at lower temperature.
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4 Conclusion

In summary, we have developed a general, facile and
effective method based on solvothermal approach for the
insertion of Au NPs within rGO@Mg-BTC in one step
method. The properties of the synthesized catalysts were
fully studied by numerous characterization techniques. The
results showed that the prepared catalysts provided enough
surface area (Sggp) and display excellent dispersion of Au
NPs on the surface of rGO@Mg-BTC composite. The
results also showed the presence of both Au® and Au'* on
the surface. The catalytic performance of the catalysts was
tested in the CO oxidation reaction. The Swt% Au/rGO @
Mg-BTC catalyst showed the highest activity towards
CO oxidation with 100% CO conversion at 48 °C. Both
surface dispersion of Au NPs and surface oxygen species
were found to be the main factors affecting the adsorption
and oxidation rates of CO gas. Additionally, the prepared
catalysts showed an exceptional stability for ten runs with-
out a significant loss in the catalytic activity and stability
according to reusability test. The preparation method used
in this work added new and distinctive properties to Mg-
BTC, which facilitate the use of such materials with high
efficiency in various fields, including oxidation reactions.
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