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involved the preparation of mesoporous silica catalyst by varying the volume ratio of
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DOL: 10.22146/ijc.70460 results showed that the more TEOS added, the silica bond composition, crystallinity, pore

size, and product selectivity increased. The best catalyst performance was obtained from
a TEOS:CTAB ratio of 8:1 at a calcination temperature of 500 °C (MCT81-500), which
indicated the presence of Si-OH and Si-O-Si groups with a Si percentage of 45.31%, pore
size diameter of 31.912 nm, and a total pore volume of 0.040 cc/g. In addition, the
application of MCT81-500 in the hydrocracking process of used palm oil can produce a
bio-gasoline (C5-C12) and kerosene (C12-C15) of 92.24 and 7.76 wt. %, respectively. This
study shows that mesoporous silica has good potential for catalytic activity to convert used
cooking oil waste into an environmentally friendly energy source.

Keywords: mesoporous silica; hydrocracking; palm oil; biogasoline

m INTRODUCTION of long hydrocarbon chains, such as fatty acids,

. . triglycerides, and their derivatives which can be converted
For several years, fossil fuels have been widely used &Y’ vatves w v

in various aspects of life. However, this fuel is non- %nto biogasoline. Therefore, Fhe hydrocracklr‘lg. process
is very necessary for converting used palm oil into fuel
[4-5].

Mesoporous silica nanoparticles have attracted

renewable and will eventually run out. Various studies on
alternative fuel sources to overcome the problem of fossil

fuels have been carried out [1]. Biogasoline is like fossil o ) o ]
fuels in terms of functionality and clean combustion [2- attention in various applications such as separation (6],
3]. Used palm oil is an alternative source of biogasoline. catalysis [7], chemical sensing [8], and biomedicine [9].

Used palm oil is produced mostly by households, the food Mesoporous silica has been synthesized in many

industry, and fast-food restaurants. Used palm oil consists previous  studies  showing  various  shapes or
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morphologies, including monoliths, spheres, rods, films,
and fibers [10-18]. They display promising functions for
catalytic, electronic, separation, electrochemical, and
optical applications [19-20]. In addition, the development
of nanostructured materials is increasingly attracting
interest in various application fields, including catalysis
and adsorption. Thermal and hydrothermal stabilities are
also important parameters to be considered when
designing materials for heterogeneous catalytic reaction
applications. The type of heterogeneous catalyst currently
being studied is a silica-based catalyst. This type of
catalyst has some advantages, namely surface reactivity,
good chemical and thermal resistance and acidity, which
is easily modified by the hydrocracking process [21].
Hydrocracking is one of the important processes in
petroleum processing. In the hydrocracking process,
hydrocarbon compounds break down into small-chain
hydrocarbons such as gasoline, diesel, and kerosene
fractions [22-23]. Development with the addition of a
catalyst can speed up the hydrocracking process. Based on
previous studies, it is known that hydrocracking catalysts
with mesoporous dimension silica can increase the liquid
yield [24]. Silica-based catalysts have surface reactive
properties, good thermal, chemical, and acid resistance,
and are easy to modify [25]. The nature of the silica
catalyst is determined by several synthesis parameters,
such as calcination temperature, solution pH, method of
[26]. In
addition, a modification that can be made to increase the

preparation, and precursor concentration

reactivity of silica is by forming mesopores. A pore is
considered a mesopore when it has a pore size of 2 to
50 nm [27]. Mesoporous materials are very encouraging
for hydrocracking processes due to their large surface
area, thermal, chemical, and mechanical stability, regular
pore distribution, and high adsorption capacity [24,28].
So, the development of mesoporous silica synthesis
becomes important.

Mesoporous silica synthesis requires a silica source
and a template. The most used silica sources are tetraethyl
orthosilicate (TEOS) or sodium silicate, while cationic
organic compounds such as cetyltrimethylammonium
bromide (CTAB) are used as molds [29-30]. The type of
template and the ratio of precursors used determine the
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size and distribution of mesoporous silica materials
[24,31] as [32-36].
Therefore, this study observed the activity and selectivity

catalysts for hydrocracking
of mesoporous silica catalysts for the hydrocracking
process of used palm oil into biogasoline. The effect of
TEOS:CTAB composition variations were observed by
characterization with FTIR, XRD, SEM-EDX, GSA, and
hydrocracking selectivity with GC-MS to obtain the
optimum catalyst performance ratio. In addition, this
research is also expected to be a solution to the potential
use of used cooking oil that is not utilized as an
environmentally friendly energy source.

m EXPERIMENTAL SECTION
Materials

The materials used in this study consisted of
CTAB, TEOS, ammonium hydroxide (NH4OH), and
sodium hydroxide (NaOH) obtained from E. Merck.
Palm oil was purchased from a traditional market in
Semarang, Central Java. Hydrogen and nitrogen gases
were obtained from PT. Samator Gas (Semarang,
Central Java).

Instrumentation

The equipment and instruments used in this study
included laboratory glassware, magnetic stirrers, ovens
(Kirin), filter paper (Whatman no. 42), Gas Sorption
Analyzers (GSA, Quantachrome Nova 1200e), Scanning
Electron Microscope (SEM, Phenom ProX G6 desktop),
X-ray Diffractometer (XRD, X'Pert3 Powder), Fourier
Transform Infra-Red Spectrometer (FTIR, PerkinElmer
Spectrum 100), and Gas Chromatography-Mass
Spectrometry (GC-MS, GC-2010 Shimadzu).

Procedure

Preparation

An outline of the production scheme for
mesoporous silica (MCT) as a catalyst for hydrocracking
palm oil is shown in Fig. 1. Synthesis of mesoporous
silica was performed by mixing 0.8018 g CTAB and 2, 4
and 8 mL TEOS separately. Then, the synthesis results
are labeled as MCT21-500, MCT41-500, and MCT381-
500. The mixture was stirred for 15 min. Then 5 mL of

2 M NaOH solution was added dropwise and continued
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Fig 1. Schematic illustration for the synthesis of MCT catalyst for hydrocracking palm oil

with stirring for 3 h at 80 °C. The solids obtained were
filtered and washed with distilled water at neutral pH
conditions. After that, drying was done at 150 °C for 2 h
and followed by grinding and sifting at a size of 200 mesh.
The final step was the calcination process in an open
stainless reactor at 500°C for 4h in an inert N,
atmosphere at 2 °C/min and then let it cool down to reach
room temperature.

Characterization

The synthesis success of the mesoporous silica
catalyst was analyzed by FTIR to confirm the functional
groups, and the diffraction patterns were measured using
the X'Pert3 Powder XRD in continuous scanning mode
with a scan range of 1-10° and a scanning interval of 0.02°.
In addition, morphology and pore size observations were
carried out by using SEM and gas sorption analyzers while
GC-MS was used to determine the effectiveness and
composition of hydrocracking products.

Catalytic activity
The catalyst the
hydrocracking process of used palm oil samples in a flex-

activity was observed in
bed microreactor system, as shown in Fig. 2. The catalyst
was fed into the microreactor system with a weight ratio
of catalyst/used palm oil of 1:100 (w/w). The used oil sample
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Fig 2. Schematic of a hydrocracking microreactor

was put into the chamber feed and then heated until it
evaporated. Simultaneously, the catalyst reactor was
heated at 500 °C. Then H, gas was flowed into the feed
chamber at a speed of 20 mL/min. Oil vapor entered the
catalyst reactor containing mesoporous silica catalyst
(MCT21-500, MCT41-500, and MCT81-500), and a
hydrocracking reaction occurred. Furthermore, the
product was cooled in a cool trap and collected in a
container. Finally, the products obtained were analyzed
using GC-MS. The chromatogram showed the relative
percentage for each compound contained in the liquid
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The
hydrocracking reaction was measured from the peak area
of the GC-MS chromatogram of each fraction. The
conversion of feed to yield was calculated by using the

product. selectivity of the catalyst in the

following equations [32]:

A
Liquid yield(wt.%) = V\;P x100%

F
Wg +(Wyc — Wec)
Wr
Gas product(wt.%) =100% — wt.%(liquid — solid)
Selectivity of liquid yield
% area GCMS fraction C, —C
- % total area GCMS
where, Wip: weight of liquid product, Wr: weight of feed,

Solid yield(wt.%) = x100%

Y %100%

Wh: weight of residue, Wec: weight of fresh catalyst, and
Woc: weight of used catalyst

m  RESULTS AND DISCUSSION

The results of the infrared analysis of mesoporous
silica material (MCT81-500) are shown in the spectra of
Fig. 3. This analysis was carried out to determine the
absorption resulted by the synthesized mesoporous silica
and to observe changes in absorption after the adsorption
of ammonia by mesoporous silica catalysts with a volume
ratio of TEOS:CTAB = 8:1. Fig. 3(a) shows the initial
spectra consisting of absorption of functional groups
from Si-O-Si bending vibrations, symmetric Si-O-Si
Si-OH
asymmetric Si-O-Si stretching vibrations, H-O-H

stretching vibrations, stretching vibrations,
bending vibrations, Brensted acid sites, and O-H
stretching vibrations were observed to occur at
wavenumbers 455, 794-802, 956-964, 1082-1087, 1635~
1640 and 3465-3434 cm ™', respectively. Then in Fig. 3(b)
a new absorption peak appears at 1388 cm™', which shows
an ammonia adsorption vibration band indicating the
presence of Lewis acid and a combination of all acid sites.
Ammonia is adsorbed on top of the sample at Lewis acid
sites forming ammonium ions in the silica structure. The
results of this study indicate that the adsorption of
ammonia by MCT81-500 was carried out successfully
through the acidic active site.

MCT catalyst crystallinity was analyzed by XRD to
produce a diffractogram as shown in Fig. 4. The analysis
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was carried out at 20 =2-15° with MCT samples of
CTAB:TEOS variations (2:1; 4:1; and 8:1). The
diffractograms of all samples after calcination showed
indexable peaks at 100, at angles 20 2.61°, 3.02°, and 2.67°
for MCT21-500, MCT41-500, and MCT81-500
materials, respectively.

The results showed that the CTAB:TEOS ratio
variation produced a different crystallinity from the
MCT81-500 which resulted the highest
crystallinity degree. Peak intensity increases with

sample,

increasing silica content or TEOS/matrix ratio. The results
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Fig 3. FTIR spectra of MCT81-500: (a) before and (b)
after adsorption of ammonia
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Fig 4. XRD patterns of the mesoporous silica materials:
(a) MCT21-500, (b) MCT41-500, and (c) MCT81-500
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Fig 5. SEM images of (a) MCT21-500, (b) MCT41-500, and (c) MCT81-500

reflect that the composition of the precursor and
surfactant significantly affects the morphology and
crystallinity of the resulting mesoporous silica. These
results also show whether the addition of a suitable matrix
can improve the intensity of silica crystallinity based on
SEM analysis.

Characterization of the catalyst morphology to
determine the surface topography was carried out by SEM
while the elemental composition on the surface of the
catalyst was carried out by EDX. The SEM results in Fig.
5 illustrate that the variations in the TEOS:CTAB ratio
affect many properties, such as pore size, surface area, and
morphology. SEM images of the samples also show non-
uniform particle sizes. This shows that CTAB as a
mesoporous matrix agent has a wide range of molecular
weight distribution. As shown in Fig. 5(a), (b), and (c), the
surface morphology of the silica samples tends to be
round and most of the particles tend to form bonds or
large spherical particle pieces which are commonly
known as clustering.

The results of the EDX analysis showed that the
elemental content in Table 1 concluded that higher
crystallinity was associated with an increase in silicate
content. These results also conclude that higher
with  higher silica

crystallinity is  consistent

concentrations. Where in this result, the highest
crystallinity structure was obtained from the synthesis of
hierarchical mesoporous silica with a ratio of 8:1.

In the EDX analysis, the elements silica (Si),
oxygen (O), carbon (C), and nitrogen (N) appear.
Specifically, O and Si elements show the formation of
silanol (Si-OH) and siloxane (Si-O-Si) groups. in
addition, the appearance of certain carbon content in the
MCT81-500 material confirms the XRD peak
(20 = 2.61°) shown in Fig. 4.

Analysis of catalyst properties such as average
diameter, pore distribution, total pore volume, and
specific surface area was carried out by GSA. The results
of the porous properties of the mesoporous silica catalyst
are presented in Table 2.

The GSA analysis showed that the largest average
pore radius was obtained with the MCT81-500 sample.
This indicates that a larger radius of porous silica can be

Table 1. Elemental analysis results measured using EDX
Content (%)

Sample -
Si (0] N C
MCT21-500 27.50 64.24 8.26 -
MCT41-500 35.76 55.83 8.41 -
MCT81-500 45.31 41.11 6.02 7.75

Table 2. Pore properties of the mesoporous silica catalysts

Specific surface area

Total pore volume

Average pore diameter

Sample (m%/g) (cc/g) (nm)
MCT21-500 324.254 0.109 31.484
MCT41-500 382.514 0.199 31.892
MCT81-500 292.294 0.040 31.912
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achieved by adding a minimal proportion of CTAB,
especially in TEOS (silicon) precursors with a mold ratio
of 8:1. However, other parameters such as specific surface
area and total pore volume of MCT81-500 catalyst were
the lowest. The increase and decrease in surface area are
followed by the pore diameter. The pore diameter shows
the highest pore distribution. The increased pore size does
not slow down the process of diffusion of triglycerides
into the catalyst. This ensures an optimal cracking process.

The adsorption isotherm of mesoporous silica is
shown in Fig. 6. The isotherm pattern of mesoporous
silica follows the type IV adsorption pattern. The type IV
isotherm diagram shows four types of hysteresis loops
which describe the mesoporous character of the intrinsic
pore dimensions of the material [37-38]. To see the pore
state more accurately, it is necessary to analyze the pore
distribution curve in the material. The pore radius
distribution data is shown in Fig. 7. The data shows the
pore distribution according to mesoporous materials
which have a sensitivity range of 2 to 50 nm.

The catalytic activity of MCT21-500, MCT41-500,
and MCT81-500 was observed in the hydrocracking
process of used palm oil. The product composition was
analyzed by GC-MS to obtain a chromatogram like the
example shown in Fig. 8. Fig. 8 shows the chromatogram
of hydrocracking products with MCT81-500 catalyst,
which produces different peaks according to their
respective retention times. Hydrocracking products are
differentiated due to differencesin boiling points based

Intensity

Wlege g
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—=— MCT81-500

Volume adsorbed (cc/g STP) (a.u.)

I T T T T T T T T T 1
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Relative pressure (P/Pg)

Fig 6. Adsorption-desorption isotherm curves of the
mesoporous silica materials
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Fig 7. Pore radius size distribution of the mesoporous
silica materials
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Fig 8. GC-MS chromatogram of hydrocracking product with MCT81-500
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on differences in the content of carbon chains, as  process are divided into several fractions, including
summarized in Table 3. biogasoline (Cs-Ci»), kerosene (Ci,-Cis), diesel (Cy6-Cis),
GC-MS data for liquid products from the cracking  and wax fractions (> Cis). The percentage of each product

Table 3. Chemical composition of hydrocracking product with MCT81-500

Chemical compound Fraction R.Time Area (%) Height(%) A/H
n-Heptane G, 1.41 0.66 1.20 0.71
1-n-Heptene G, 1.46 0.99 1.50 0.85
n-Octane GCs 1.54 6.37 9.89 0.84
1-Octene (CAS) Caprylene Cs 1.64 7.50 11.18 0.87
2-Octene, (Z)- (CAS) (Z)-2-Octene Cs 1.68 2.41 2.96 1.06
2-Octene (CAS) Oct-2-ene Cs 1.72 1.34 1.50 1.15
n-Nonane GCo 1.80 12.01 15.44 1.01
3-Propylcyclopentene, Cs 1.88 0.50 0.25 2.61
(Z)-Cycloheptene C; 1.92 0.38 0.43 1.16
n-Non-1-ene G 1.99 13.40 14.74 1.18
2-Nonene GCo 2.07 1.92 1.86 1.34
Propylcyclohexane Cs 2.24 1.61 0.98 2.14
1-Ethylcyclohexene Cs 2.28 1.13 0.86 1.69
Decane Cio 2.33 4.98 5.49 1.18
7-Methyl-bicyclo[2,2,1]heptane Cs 2.37 0.80 0.66 1.57
9,12,15-Octadecatrienal Cxo 2.40 0.28 0.28 1.31
Bis(cyclopent-2-enyl) Cu 2.47 0.68 0.63 1.40
3,10-Dioxa-tricyclo Cin 2.49 0.44 0.44 1.31
trans-1-Ethenyl-2-methylcyclohexane Cs 2.53 0.28 0.20 1.82
Cyclopentane Cs 2.59 0.95 0.53 2.32
1-Decene Cio 2.71 10.16 791 1.66
Cyclooctene Cs 2.75 10.14 8.52 1.54
cis-3-Decene Cuo 2.86 2.04 1.87 1.42
Pentalene Cs 2.97 2.49 1.46 2.22
4,5-Nonadiene GCo 3.07 0.63 0.27 3.02
n-Butylcyclohexane Cs 3.16 0.79 0.37 2.77
Hexanal Cs 3.21 0.77 0.37 2.71
Undecane Cy 3.37 1.77 1.31 1.75
Cyclodecene Cuo 3.44 0.43 0.26 2.16
4-Cyclopropylcyclohexene Gy 3.47 0.47 0.32 1.88
6-Methyl-bicyclo[4.2.0]octan-7-ol Co 3.59 1.10 0.55 2.58
Ethylbenzene Cs 3.90 0.79 0.26 3.93
1-Dodecene Ci 4.12 3.48 2.19 2.06
2-Undecene Cu 4.42 2.69 1.40 2.50
1-Butylcyclohexane Cs 4.57 0.67 0.35 2.48
1-Undecene Cu 4.68 1.16 0.69 2.20
1,2-Dimethylbenzene, (CAS) o-Xylene Cs 5.14 0.55 0.29 2.45
Propylbenzene (CAS) n-Propylbenzene Cs 5.77 0.27 0.14 2.39
3-Methylcyclohex-3-en-1-one C; 12.23 0.57 0.25 2.93
Pentadecane Cis 17.69 0.18 0.08 2.86
Benzaldehyde C; 18.18 0.24 0.12 2.49
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fraction is calculated from the resulting peak area to
obtain the data summarized in Fig. 9.

Based on Fig. 9, the percentage of the product
fraction from the thermal and hydrocracking processes
with a catalyst shows significantly different results. The
thermal cracking performed showed that the biogasoline
and kerosene fractions obtained were relatively low. On
the other hand, the selectivity of catalysts MCT21-500,
MCT41-500, and MCT81-500 in hydrocracking palm oil
resulted in a dominant gasoline fraction of 76.81, 83.54,
and 92.24 wt.%, respectively. This is indicated that
mesoporous silica catalysts can capture the free fatty acid
(FFA) as well as it can make cracking into shorter
hydrocarbons, as shown in Fig. 10. Based on GC-MS
analysis, the resulting molecules are hydrocarbons and
oxygenated compounds containing fatty acids and
alcohols. This fact confirms that the mechanism of the
cracking reaction of palm oil includes the hydrogenation
of triglycerides into fatty acids, hydrogenation of fatty
acids into aldehydes and alcohols, and deoxygenation of
fatty acids through decarbonylation, decarboxylation, and
hydrodeoxygenation reactions [35,39-40].

Hydrocarbon molecules can be formed directly

Hydrogen gas H;
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from fatty acids through decarboxylation by releasing
carbon dioxide molecules (CO) to produce alkanes
(saturated hydrocarbons) and decarbonylation by
releasing carbon monoxide (CO) and water (H,O) to
produce alkenes (unsaturated hydrocarbons). Both of
these reactions mostly occur in Lewis acid sites [41],
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Fig 10. Mechanism of hydrocracking of palm oil with MCT catalyst
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with the hydrocarbons formed being Cis (kerosene group)
and C,; (diesel group).

On the other hand, hydrocarbons below C;s and
oxygenated compounds are formed by hydrocracking
reactions with the hydrogenation of hydrogen gas
activated by Lewis acid sites [42]. The reactions mostly
take place at Bronsted acid sites. In this study, this
hydrogenation mechanism dominates the reaction as
evidenced by the GC-MS results produced in Fig. 8. It is
suggested that alcohol molecules are formed through the
hydrogenation of fatty acids into aldehydes and then
converted into alcohols through further hydrogenation of
aldehydes. In addition, the hydrogenation reaction is
more detailed theoretically, as shown in Fig. 11 [43]. In
heterogeneous catalysts, the hydrogen forms surface
hydrides (M-H) from which the hydrogen can be
transferred to the chemically adsorbed substrate. H,
undergoes heterolytic association to form H'H™ [44]. In
heterogeneous catalysts, hydrogen forms surface hydrides
(M-H) from which hydrogens can be transferred to the
chemisorbed substrate. Hydrogen gas is activated by
Lewis acid sites to produce alkanes (or hydrogen) and
carbenium ions n-CiHy; [42]. While Bronsted acid plays a
role in cracking carbon chains so that a reaction
mechanism occurs, forming the hydrocarbons below Cis
and oxygenated compounds by hydrocracking reactions,
protonated to the secondary alkyl carbenium ions (n-
CiHzi.1") [43]. The mesoporous silica catalyst protonates
the alkane chains to produce a transition state of

Lewis acid sites

ra-CIHQ"2
-H lT-tH R L RO
2 2

O g
ﬂ'cle' Y I-HI n'C.Hz..z

I

: Skeletal

: rearrangements

I

)
, -H ] Prima
rso-C,Hzl —’—’4_‘_ fso-C,Hm: v

B-scission

#HO
-!-Hzl T-I-l2 [

iso-CH

122

293

carbonium ions which collapse to give alkanes (or
hydrogen) and the carbenium ions n-CHy dissociate
from the Lewis acid site and diffuse to the Bronsted acid
site where they are protonated into secondary alkyl
carbenium ions, #n-CiH,;,,*. Carbenium ion is a reactive
intermediate that can undergo several conversions, such
as rearrangement of the framework and breaking of the
C-C bond. The B-scission fragment is a smaller alkyl
carbenium ion and an alkene. In the case of B-slicing n-
CiH,ii*, a primary carbenium ion is formed, which is
Therefore, the
carbenium jon undergoes an exclusively skeletal

energetically unfavorable. n-alkyl
rearrangement, in which a single branched alkyl
carbenium ion, iso-CiHa.*, is formed. If there is an
efficient desorption mechanism from the acid site,
single-branched alkenes, iso-CiH,, are released and
diffuse to the Lewis acid site where they are
hydrogenated to become single-branched alkanes, iso-
CiHai.2. These are prime products that are observed with
low conversions [43].

Thus, the type of catalyst in the hydrocracking of
used palm oil can affect the selectivity of liquid products
to the gasoline fraction that is produced. The results
showed that the use of mesoporous silica in the catalytic
activity test increased the amount of product from the
gasoline fraction (Cs-Cz). The percentage of product
using mesoporous silica catalyst MCT81-500 showed an
increase in the product of the gasoline fraction
associated with an increase in crystallinity and a decrease

Lewis acid sites
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Fig 11. Mechanism of hydrogenation reaction on hydrocracking by MCT catalyst
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in matrix content in the synthesis of this material. Based
on this description, MCT81-500 with an H, gas flow rate
of 20 mL/min, a catalyst/feed ratio of 1:100, and a time of
1 h was found to be the most optimal to produce the best
MCT81-500 material has
successfully used as a catalyst for the process of

gasoline fraction. been
hydrocracking palm oil into biogasoline.

The concentration of TEOS used affects the amount
of silica yield obtained. The greater the amount of TEOS
used, the greater the silica product obtained. This result is
[45], where TEOS

concentration strongly influences the formation of a

in accordance with reference

mesoporous material network. A higher amount of TEOS
showed an irregular mesostructured, while a lower
amount was insufficient to form a mesoporous structure
[46]. The particle size increased with an increasing
number of TEOS. Table 2 shows an increase in the pore
diameter of the MCT81-500 sample, thereby increasing
the availability of the active surface, allowing an increase
in the ability of mesoporous silica for hydrocracking used
palm oil into the biogasoline. This is shown by the catalyst
with a larger average pore diameter in Table 2, which has
a higher absorbed volume intensity in Fig. 6. This results
in an increasing number of active catalyst surface sites
that play a role in the hydrogenation process in
hydrocracking. The more hydrogenation processes in
hydrocracking that occur, as shown in Fig. 10 and 11, the
more gasoline products will be produced compared to
other products. This is because of the reasons explained
in the reaction mechanism that products with molecules
below Cis,
compounds, are formed more in the hydrogenation

especially gasoline and oxygenated
process through the Lewis acid site and Bronsted acid site.
In addition, the larger pore volume does not impede the
diffusion process, so the hydrogenation reaction runs
faster. Thus, the gasoline product will be dominant with a
large porous catalyst and more surface-active sites in the
hydrogenation reaction.

In addition, by looking at the hydrocracking
mechanism involving Lewis acid sites and Brensted acid
sites on the catalyst, further studies related to acidity and
the effect of pH on the optimal performance of
hydrocracking reactions become important parameter

Indones. J. Chem., 2023, 23 (2), 285 - 297

studies. Higher catalyst acidity will show better potential
for use as a catalyst that requires an acidic site, such as
hydrocracking [35]. The presence of H" will help the
process of protonation of n-alkanes to become the
secondary alkyl carbenium ions (n-CiHai,1*) so that more
product conversions can be produced.

m CONCLUSION

Synthesis of mesoporous silica catalyst and its
activity and selectivity in the hydrocracking of used palm
oil has been carried out. The use of CTAB as a matrix in
the production of mesoporous silica has been
successfully achieved, as evidenced by the crystallinity,
and increase in the pore size distribution of silica in the
meso dimension. This study showed that the highest
selectivity for the biogasoline fraction (92.24 wt.%) was
produced by the MCT81-500 catalyst at an H, gas flow
rate of 20 mL/min with a catalyst/feed ratio of 1:100
(w/w) for 1h. Material MCT81-500 was successfully
used as a catalyst in the process of hydrocracking palm

oil into hydrocarbons (biogasoline).
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Table S1. Products distribution based on GC-MS in Fig.S1

Fraction Ret Tlme Predicted compound Molecular
(min.) mass (g/mol)
2.28 Butane (Cy) 58.12
2.72 Hexene (Cs) 84.16
2.79 Hexane (Cs) 86.18
3.90 Heptene (C;) 98.18
4.05 Heptane (C;) 100.20
Gasoline (C4-Cy,) 6.90 Octane (Cs) 114.23
14.14 Octadiene (Cs) 110.20
10.42 Undecene (Cyy) 156.31
14.30 Nonene (Cy) 126.24
34.35 Dodecene (Cy,) 168.20
34.49 Dodecane (C)») 170.30
i 40.79 Undecenoic acid (Cyo) 184.20
Diesel (Cis-Cz2) 36.58 Octadecanoic acid (Cis) 248.50
2.93 Cyclopropane 42.08
3.07 Acetic acid 60.05
3.49 Benzene 78.11
5.85 Toluene 92.14
10.75 Cyanic acid 43.02
11.29 Heptanal 116.80
24.43 Hydroperoxide 34.01
24.51 Naphthalene 128.10
27.05 Silane 32.12
Others 27.17 Heptanoic acid 130.10
27.40 Cyclopentaneundecanoic acid 254.40
28.71 Bromo heptane 179.10
29.40 Pentanoyl chloride 120.50
29.60 2-Nonenal 140.20
31.81 1,2,5,6-Diepoxycyclooctane 140.80
35.49 Cyclopropanepentanoic acid 310.00
35.94 13-Docosenoic acid 352.00
36.58 1-Nitro-2-octanone 173.00
41.87 Oleic acid 282.20
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Fig S1. GC-MS chromatogram of liquid product of hydrotreament of castor oil using ZAA catalyst
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* Corresponding author: Abstract: Natural zeolite (ZA) obtained from Wonosari, Indonesia, was treated with
acetic acid (ZAA) or NaOH (ZAB), and the combination of both treatments (ZAAB) in
order to increase the Si/Al ratio and catalytic performance on hydrotreatment of castor
oil. The Si/Al ratio of ZA increased after the combination of acetic acid and NaOH
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Received: March 24, 2022 treatment. The change of the Si/Al ratio was observed in the FTIR spectra as the shifting
Accepted: February 22, 2023 of internal asymmetric stretching vibration of T-O-T at 1032-1100 cm™'. The XRD
DOI: 10.22146/ijc.73746 profile of ZA was maintained after being subjected to treatments, and ZAB exhibited the

lowest crystallinity. The surface area of the ZA after treatment is in the order ZAA < ZA <
ZAAB < ZAB. The ZAB catalyst having the highest surface area (19.144 m* g™!) showed
the highest catalytic activity on the hydrotreatment of castor oil with a liquid fraction of
55.1 wt.% and selectivity towards the hydrocarbon compounds of 22.40 wt.%.

Keywords: acetic acid; natural zeolite; sodium hydroxide; hydrotreatment

= INTRODUCTION to be oil derived from non-edible plants. Some of the
The usage of fossil fuels presents two significant potential non-edible oil-producing plants are Jatropha
curcas L. (jatropha), Thespesia populnea L. (milo),

difficulties. The first is its quick decline in value and rising
Pongamia pinnata (Karanja or honge), Moringa oleifera
(drumstick tree), Calophyllum inophyllum L. (undi),
Croton megalocarpus (croton), and Ricinus communis L.
(castor) [6].

Natural zeolites are utilized in a variety of

prices. The second is its environmental impact due to the
toxic gases (COx, SOx, and NOx) created during the
combustion of conventional fuels and other air pollutants.
These led to various negative environmental, ecosystem,

human health consequences, and their significant

contribution to the greenhouse effect [1]. As a result, processes that result in the production of chemicals,

. . fuels, and other commodities. Designing zeolite catalysts
numerous researchers have begun investigating

alternative  energy  sources  with  manageable with better selectivity, lower operating temperatures,

environmental implications. Biofuel was once regarded as and increased stability is vital. Optimizing the porosity

one of the considerable substitutes for conventional diesel structure in enhanced zeolite catalysts enhances mass

fuel [2]. Biofuel is a non-toxic, environmentally benign, transfer and active site design. Sites that are unattractive

and biodegradable fuel [3]. Furthermore, it is compatible and take away from the benefits of active sites must be

with current engines without modification [4]. eliminated or prohibited [7]. On the other hand, natural

Non-edible biofuel feedstocks are receiving global zeolite requires a precise acid and alkali treatment to

attention due to their widespread distribution maintain the silicon-aluminum ratio and specific surface

Additionally, they can alleviate food competition, are area [8].

environmentally friendly, provide valuable products Acid treatments, in general, can remove impurities

(glycerol), and are more cost-effective as a feedstock than such as 8i0,, AL,O;, and Fe,O; from the zeolite's surface

edible oils [5]. Second-generation biodiesel is considered and pores. Simultaneously, the acid solution dissolves

amorphous materials within the pores and exchanges
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large cations for small protons via ion exchange,
increasing the pore size, specific surface area, and
adsorption capacity. Additionally, acid treatment
modifies the surface properties of the zeolite molecular
sieve, optimizing the mordenite material's qualities.
Meanwhile, alkali treatment is a widely used technique for
partially dissolving the zeolite structure due to silicon
extraction. At a somewhat higher reaction temperature,
catalytic cracking might be employed to get a high yield of
hydrocarbon biofuel from vegetable oil [9-10]. Catalytic
cracking is a simple and cost-effective method of
converting vegetable oil to hydrocarbon biofuel [11].
One option to use the higher biofuel content in
diesel fuel is to use hydrotreated vegetable oils. This would
provide another way to accomplish our CO, reduction
goal in the future [12]. There may be economic
implications  associated ~with efforts to reduce
environmental pollution. Economic growth and carbon
emissions are positively related, which indicates that
reducing emissions could hinder economic growth.
Additionally, pollution control measures may require
increased production costs, which could also slow
economic growth. Biofuels are renewable in comparison
to fossil fuels. The topic of biofuels is still in its early stages
in terms of technological progress [13].
both

examples of hydroprocessing. Because it eliminates

Hydrotreating and hydrotreatment are

heteroatoms and saturates C-C bonds while retaining
carbon atom count, hydrotreating is preferred for diesel
fuel.
hydroprocessing) induces the breakdown of C-C bonds

range Hydrocracking (a severe form of
to produce gasoline-range fuels [14]. Hydroprocessing is
a procedure that is frequently used in refineries and
vegetable oil upgrading to remove oxygen via the addition
of H, [15]. The choice of a hydrotreating catalyst is
essential in determining the yield and quality of
hydrotreating products. Hydrotreating catalysts are often
composed of essential metals such as Mo, Co, and Ni as
active metals and are supported by alumina or silica-
alumina [16]. Kristiani et al. [17] reported converting
ethanol to gasoline utilizing a natural catalyst supported
by different transition metals, including Ni, Co, Cu, and

Zn. Their catalytic activity was evaluated for ethanol to

299

gasoline conversion and demonstrated a high
conversion rate of up to 80-90%. The addition of Ni, Ni-
Mo, Co, and Co-Mo metals was loaded into the activated
natural zeolite to increase the activity and selectivity for
the hydrocracking process [18]. As Sun et al. [19] stated,
the development of zeolite-supported metal catalysts has
promoted the progress of heterogeneous catalysis, which
exhibited excellent performance in much catalytic
activity.

Numerous studies have employed catalysts
impregnated with metals. However, these metals can be
wasteful and expensive. Additionally, impregnation of
the metal might result in blockage (closing of pores),
resulting in lower catalytic activity. Typically for zeolite
treatment by employing a strong acid such as (HCI,
HNO;, and H,SO,), as performed by Trisunaryanti et al.
[20], mordenite's Si/Al ratio increased as a result of
HNO:; acid treatment, and the treatments did not cause
damage to the crystalline structure of the mordenite.

Another study by Anggoro et al. [21] employed the
strong acid H,SOs to treat zeolite Y. However, the
treatment using strong acid is not environmentally
friendly. As a result, this research employs acetic acid, a
more environmentally friendly organic acid, as
previously done by Chung [22]. In this research, the
natural zeolite was treated with acetic acid and sodium
hydroxide to improve the natural zeolite character.

Base treatment with NaOH is the common method
applied to zeolite treatment [23]. Base treatment of
zeolites with intermediate Al contents involves the
selective extraction of silicon atoms resulting in a
decrease of the Si/Al ratio or increase (case of low Si/Al
ratio) and a significant loss of material at high base
concentration [24]. Numerous investigations have
demonstrated that activating natural zeolites with
NaOH can increase crystallinity and the Si/Al ratio in
catalysts at low concentrations such as 0.2 M [25]. The
presence of the weak, medium and strong acid sites in
zeolite altered the Si/Al ratio, which depends on the
NaOH

composition [26]. The originality of this research is the

solution concentration and the zeolite
treatment of natural zeolite with a weak organic acid

(acetic acid) and base treatments (sodium hydroxide),
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which has not been conducted previously and extensively.
The catalyst activity in hydrotreatment with castor oil was
then determined.

m EXPERIMENTAL SECTION
Materials

Natural zeolite was obtained from Wonosari,
Yogyakarta Special Region, Indonesia. The glacial acetic
acid (CH;COOH), sodium hydroxide (NaOH), Whatman
filter paper No. 42, and universal pH paper were acquired
from Merck. Co. Castor oil was purchased from CV
Fruitanol Yogyakarta. The distilled and demineralized
water was supplied by CV. Progo Mulyo. While the H,,
and N, gas were supplied from PT. Samator Gas Industri.

Instrumentation

The metal contents in the zeolite samples were
characterized using X-Ray Fluorescence (XRF, RIGAKU-
NEXQC+QuanTEZ). the Si-O-Al
functional group was determined using Fourier-Transform
Infrared spectrometer (FTIR, Thermo Nicolet Avatar 360
IR) at the wavenumber range of 400-4000 cm ™" using KBr
pellet. X-Ray Diffraction (XRD, D2 Phaser diffractometer)
using monochromatic Cu Ka source with a 20 scan range

The change in

of 3-80° and a scan speed of 3°/min. A surface Area
Analyzer (SAA, JWGB meso 112) was conducted to
obtain the porosity properties of the samples. The liquid
product was analyzed using Gas Chromatography-Mass
Spectrometry (GC-MS, Shimadzu QP2010S).

Procedure

Acetic acid treatment on natural zeolite (ZA)

Natural zeolite (denoted as ZA) was heated under
stirring in 6 M CH;COOH solution (ZA: acetic acid ratio
of 1:5 (w/v)) for 10 h at 75-80 °C. Afterward, the mixture
was filtered and washed using aquadest until pH neutral
was achieved and dried at 110 °C for overnight to obtain
ZAA. The ZA and ZAA were characterized using XRF,
XRD, FTIR, and SAA.

Sodium hydroxide treatment on ZA and ZAA

ZA was heated under stirring in 0.1 M NaOH
solution with ZA volume ratio towards sodium hydroxide
of 1:5 at 75 °C for 30 min, continued with aging for 30 min.

The mixture was then washed by aquadest until neutral
and dried at 110 °C for 24 h, to produce ZAB. The ZAA
was also treated using the same procedure as mentioned
to obtain ZAAB. The ZAB and ZAAB were characterized
using XRF, XRD, FTIR, and SAA.

Catalytic activity test of catalysts
The catalytic activity of catalysts (ZA, ZAA, ZAB,
and ZAAB) was tested on the hydrotreatment process of
castor oil. A sufficient amount of catalyst and feed was
put into a bed in a stainless steel reactor (i.d =2.0 cm,
0.d=2.2 cm, 1 =30 cm). The catalyst/feed weight ratio
was 1/100 wt.%. The hydrotreatment process was carried
out at 450 °C for 2 h under H, gas with a flow rate of
10 mL/min. The product obtained from the reaction was
flown into a condenser, where it was allowed to cool
down using an ice bath in a flask. The percentage (%) of
each product yield was determined gravimetrically using
Eq. (1-3).
weight of liquid product

Liquid product (wt.%) = x100% (1)

weight of initial feed

Coke (%) =
Catalyst weight differences before and after reaction (2)
x100%
weight of initial feed
Residue (wt.9%) = Weight of remained feed «100%
weight of inital feed (3)

=W -W,

where, W, = the weight of empty feed part, W, = the

weight of the feed part after the catalytic process.

Total conversion (wt.%) =100 —residue (wt.%) (4)
The liquid products were analyzed by using GC-

MS to determine gasoline and diesel fraction. Gasoline

fraction was hydrocarbon compounds consisting of

carbon numbers between C, to Cy,, while diesel fraction

consisted of those with hydrocarbon chains between Ci3

to Cy. The selectivity of these products was calculated by

using Eq. (5-7).

Gasoline fraction (wt.%) =

5
Area GC of C4 to C;, compounds xLiquid product (wt.%) (5)
Total area GC

Diesel fraction (wt.%) =

Area GC of Cy3 to C d 6
red 91 >13 70 -2 COMpounl S><Liquid product (wt.%) ©)
Total area GC

Other compounds (wt.%) =

Area GC of nonhydrocarbon compounds

(7)
x Liquid product (wt.%
Total area GC quid p (wt.%)
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m  RESULTS AND DISCUSSION

The Effect of Acetic Acid and NaOH Treatment
towards Characters of Zeolite

Table 1 shows the results of the XRF analysis, which
revealed that the ZA contains metal impurities such as Ca
5.80% and Fe 5.01%. Following acetic acid treatment,
contaminants were still present and slightly increased;
this could have occurred as a result of the dealumination
process, which also removed some of the contaminants.
The dealumination process removed metal contaminants
such as Ca and Fe and removed Al, which was further
proved by the slight increase in the Si/Al ratio from 7.30
to 7.85 for the ZA and ZAA, respectively. This result
confirmed that the acetic acid successfully removed
aluminum atoms, as previously reported by others
[22,27]. The breakage of Al caused the removal of AI-O
bonds which were more accessible than the Si—-O bonds,
whereas the dissociation energy of the Al-O bond
(116 kcal/mol) is lower than the Si-O bond
(190 kcal/mol). Notably, the Si/Al ratio change after acetic
acid treatment was insignificant because acetic acid is
weak. The strength of acetic acid can be seen from its
dissociation constant, which has a Ka value of 1.7 x 107°.
The greater the Ka value, the easier CH;COO™ and H* to
dissociate. In this case, the CH;COO™'s ability to bind to
ATl** was not strong, which caused the removal of non-
rather than the Al
framework (FAL). When aluminum is removed, the

framework aluminum atoms
zeolite structure is frequently disrupted, resulting in
octahedral coordinated extra framework aluminum
(EFAL) within the pores [28]. The dealumination process
begins with the cleavage of O-Al-O bonds, then the
atoms leave atomic gaps, and silanol nests and refills
empty spaces by Si atoms.

The ZA and ZAB have the content of silicon which
slightly decreased from 77.41 to 68.56, and for ZAA and
ZAAB, 77.09 to 74.64. This result proved that NaOH
treatment successfully removed the silicon content from
the framework. However, it is noticeable that Si/Al ratio
slightly changes even after the NaOH treatment (ZAB and
ZAAB samples), and the result is not greater than 25. This
finding suggests that some aluminum content might also

Table 1. Metal compositions and Si/Al ratio of zeolite

Compositions

ZA ZAA ZAB ZAAB
(%)
Al 10.5 9.82 9.43 9.79
Si 77.4 77.0 68.5 74.6
Ca 5.80 6.58 8.95 8.29
Fe 5.01 527 7.60 5.74
Ni 0.07 0.09 0.13 0.11
Cu 0.04 0.04 0.06 0.06
Zn 0.03 0.04 0.07 0.06
Si/Al Ratio 7.30 7.85 7.26 7.61

remove from the framework during NaOH treatment.
The silicon and aluminum are close when the Si/Al ratio
is low. Aluminum is removed along with silicon due to
aluminum's amphoteric properties [29].

FTIR Characterization

Zeolite materials incorporate the network between
tetrahedral [SiO4]*” and [AlO4]*", which are detectable in
the FTIR characterization's energy range. Moreover, the
FTIR characterization could be employed to identify the
Bronsted and Lewis acid sites that arise from the natural
zeolite and its modification. Overall, the bands observed
in the range of 445-464 cm™ indicate the bending
vibration of T-O-T groups (T = Si or Al atoms) in the
zeolite. The vibration of T-O-T groups also appears at
a wavenumber of 794 cm™ attributing to the symmetric
stretching vibration. The bands around 1032-1100 cm™*
assigned to the internal asymmetric stretching vibration
of T-O-T groups could be used to observe the change
in the Si/Al ratio of zeolite due to the continued removal
of aluminum and silicon's removal [30]. Additionally,
the bands assigned to the OH groups attached to the Al
or Si observe at 3451-3457 and 3600-3650 cm™".

Fig. 1 presents the FTIR spectra of the natural
zeolite before and after being subjected to the acid and
NaOH treatment. The significant change after both
treatments is the Si/Al ratio of zeolites observed in the
FTIR as the shifting of the internal asymmetric
stretching vibration of T-O-T. Fig. 1 observed that the
bands at 1032-1100 cm™' shifted, indicating the change
in the Si/Al ratio of ZA after the acid and NaOH
treatment. The acid treatment caused the bands to change
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Fig 1. FTIR spectra of natural zeolite after the acid and
NaOH treatment: (a) ZA, (b) ZAA, (c) ZAB, and (d) ZAAB
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to a higher wavenumber from 1043 to 1047 cm™,
contributing to the increasing Si/Al ratio. On the other
hand, the NaOH treatment on both ZA and ZAA induced
the shifting of internal asymmetric stretching vibration of
T-O-T to lower wavenumber from 1043 to 1032 cm™
and from 1047 to 1032 cm™, respectively. This result
further validated that the NaOH treatment decreased the
Si/Al ratio of zeolite.

The Effect of Acetic Acid and NaOH on Crystallinity

Natural zeolite usually contains many natural
zeolites, such as Analcime, Clinoptilolite, Faujasite,
Mordenite, and many more, which are greatly influenced

M

Cp
M Cp

Intensity (a.u.)

Indones. J. Chem., 2023, 23 (2), 298 - 308

by zeolite's origin. Therefore, XRD characterization is
needed to determine the kind of zeolite presented in the
natural zeolite. Fig. 2(a) depicts the XRD profile of
natural zeolite (ZA) obtained from Wonosari, Special
Region of Yogyakarta, Indonesia. The XRD profile of the
ZA indicated that
clinoptilolite as its primary structure. The mordenite
peaks appeared at 20 of 13.48°, 19.62°, 22.26° 25.68,
26.24°, 27.62°, and 30.9° (JCPDS: 068448) and
clinoptilolite profile presented at 20 of 11.14°, 14.92°,
20.41°, 23.16° and 32.15° (JCPDS: 251349). This result
is in good agreement with the previous report on the use

it consists of mordenite and

of zeolite obtained from the Special Region of
Yogyakarta and the surrounding area [31-32]. Table 1
provides the chemical analysis by using XRF. It is
noticed that ZA contains impurities atoms such as Fe,
Ni, Cu, and Zn with a total of 5.15%. These atoms
originated from the impurities mineral in ZA, such as
pyrite (FeS,). Other impurities compound found in the
ZA is Albite (NaAlSiOs), quartz (SiO,), gibbsite
(AI(OH)3), and muscovite (KALSi;O,0(OH),) with a
total composition of less than 20%.

Employing acetic acid in the dealumination
preserve the crystallinity of the treated zeolite [22,27]. It
can be clearly observed that after the treatment using
acetic acid, the intensity of some peaks in the ZAA (Fig.
1(b)) increased, explaining that acetic acid treatment not
only eliminates the aluminum atoms but also eliminates
some impurities. On the other hand, NaOH treatment on

(d) (d

(c)
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Fig 2. XRD spectra of (a) ZA, (b) ZAA, (c) ZAB, and (d) ZAAB (M = Mordenite, Cp = Clinoptilolite)
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the ZA to obtain ZAB (Fig. 1(c)) caused a decrease in the
crystallinity of Zeolite. It assumed that NaOH not only
removes the silicon atoms but also aluminum atoms from
the zeolite framework. It was proved by the ZAB's Si/Al
ratio, which did not change much after the alkaline
treatment (Table 1). The combination of the acid-alkaline
treatment on the ZA (ZAAB) did not cause a significant
decrease in the crystallinity of zeolite (Fig. 1(d)).

Adsorption Isotherm Curve

Fig. 3 shows the adsorption isotherm plot of the ZA
before and after acid-alkaline treatment (ZAA, ZAB, and
ZAAB). This type of plot can be considered a type IV
isotherm typical for mesoporous materials, which have
flat slits between two crystalline planes. The ZA is
naturally a mesoporous material based on the isotherm
plot and porous properties listed in Table 2. As shown in
Fig. 3, even after the acid-alkaline treatment on ZA, the
hysteresis type of treated ZA did not change. As indicated
by the Si/Al ratio of the treated ZA (see Table 1), it
suggested that the treatment condition is suitable for
modifying the Si/Al ratio while maintaining the other
properties. These phenomena are also supported by the
XRD profile of ZAA, ZAB, and ZAAB, which have not
significantly changed. Notably, from Fig. 3, the ZAA has
low-pressure hysteresis while maintaining the hysteresis
type. It may indicate the increased complexity of zeolite
channels after acid treatment.

Fig. 4 present the range of pore distribution of
zeolites between 2-20 nm, indicating that the pore ranges
from the material were mesoporous. The specific surface
area was determined on a sorption analyzer using the BET
method. The specific surface area was determined to see
the improved character of the catalysts after the zeolite
was treated by acid and alkaline as well as metals
impregnation, the sizes of pores can influence the order
and the energy of activation of the catalytic reaction, and
so it is essential to know the total specific surface area and
the total pore volume are distributed in pores of the
catalysts [33].

Table 2 lists zeolites' surface area, pore volume, and
after  acid-alkaline treatment.

diameter  change

Interestingly, the surface area and total pore volume of ZA

303

after acid treatment (ZAA) decreased greatly from
12542 to 4.058m’g' and 0.06 to 0.04cm’g,
respectively. During the acetic acid treatment, the acetic
acid disrupts the Al atoms and some impurities in the
ZA, as shown in Table 1. As a result, ZAA exhibited the
highest Si/Al ratio and lowest surface area. On the
contrary, the alkaline treatment on the ZA caused an
increase in the surface area. Eventually, the ZAB
possessed the lowest average pore diameter among
others. NaOH treatment might eliminate the impurities
in the zeolite channel while preserving the zeolite network,
as indicated by the slight modification in the Si/Al ratio
(see Table 1). It can also be explained that both aluminum
and silicon atoms are extracted during the NaOH
treatment [34].
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Fig 3. Nitrogen adsorption/desorption isotherms of
natural zeolite (ZA) after being subjected to acetic acid
and alkaline treatment

Table 2. Surface parameters of catalysts

Catalyst Surface area Total pore volume D
(m*g™) (cm’g™)P (nm)°
ZA 12.542 0.06 19.24
ZAA 4.058 0.04 35.71
ZAB 19.144 0.11 17.02
ZAAB 13.144 0.06 22.70

*Surface area determined by using BET theory. *Total pore volume
(at P/Po = 0.99), and average pore volume determined by using BJH
theory
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Fig 4. Pore size distribution of (a) ZA, (b) ZAB, (c) ZAA, and (d) ZAAB

It is well known that a catalyst possessing a high
surface area is desirable to obtain high catalytic activity
due to the accessibility of the active catalytic site. There is
a limited number of reports on the application of acetic
acid in acid treatment. Chung [22] reported that acetic
acid treatment on the Mordenite increased the surface
area and the alkylation reaction of cumene and 2-
propanol. Moreover, it also overcomes the diffusion
limitation of the Mordenite as a catalyst. Yusniyanti et al.
[35] revealed that a combination of acetic acid and NaOH
treatment on Mordenite caused the increment of its
catalytic activity towards the hydrotreatment of bio-oil
obtained from cellulose. Both report the positive effect on
the application of zeolite catalyst after the acid or acid-
alkaline treatment. As revealed in Table 1 and 2, the Si/Al
ratio and surface area of zeolite changed upon the acid
the
Therefore, treated zeolite is expected to exhibit better

and combination of acid-alkaline treatment.

catalytic performance than natural zeolite.

Catalytic Activity and Selectivity of ZA, ZAA, ZAB,
and ZAAB Catalysts in Hydrotreatment of Castor Oil

Castor oil has high linoleic acid content and the
potential to be used as feed to obtain biofuel. The
hydrotreatment process is needed to turn castor oil into
valuable biofuel. Here, the prepared catalysts (ZA, ZAA,
ZAB, and ZAAB) were tested on the hydrotreatment of
castor oil to evaluate the effect of the acetic acid, and
NaOH treatment on the ZA and the results are shown in
Table 3. The liquid product from the hydrocracking
process was analyzed using GC-MS to determine the
plausible compound (Fig. S1 and Table S1). The GC-MS
results showed a small distribution of hydrocarbons from
the radical cracking mechanism, and the liquid product
still contained a lot of oxygenated compounds. Table 3
shows that all the catalysts exhibit high conversion of
castor oil, around 98-99%. The aspect of choosing the
best catalyst is the liquid production percentage.
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Table 3. Products distribution of hydrotreatment of castor oil
Catalyst Conv. Gas Liquid fraction (wt.%) Coke Residue
(wt.%) (wt.%) Gasoline Diesel Others Total (wt.%) (Wt.%)
ZA 99.7 45.0 11.6 1.5 40.7 53.9 0.8 0.3
ZAB 97.8 41.4 19.5 2.9 32.6 55.1 1.3 2.2
ZAA 99.8 58.0 13.1 6.8 21.6 41.6 0.2 0.2
ZAAB 98.6 42.0 18.6 1.0 35.1 54.8 1.8 1.4
As presented in Table 3, the catalysts show different 607 5;i:;i‘(’nf;;’ff;m‘s (w.%) 760
performances in terms of liquid production. The acetic
acid treatment on ZA (ZAA) caused a decrease in catalytic %07 1°
activity, which exhibited the most inadequate liquid < 0 140
production (41.6%), suggesting due to a decrease in the H _
surface area after the acid treatment. Although the ZAA é %0 1s :Z’
catalyst that only underwent acid treatment exhibited the 5 I
lowest catalytic activity due to the low surface area, the E:ZO— 120 ?
ZAA catalyst produces the least amount of coke and high -
selectivity to the diesel fraction contributing to its big pore 10 {10
diameter. It indicated that acid treatment on the ZA has a
positive effect on lowering the coke production in the 0 '-ZA " oA " . 0
catalyst, which could slow down the deactivation of the Catalysts

catalyst. Further treatment of the ZAA with the NaOH
(ZAAB) recovers the surface area and catalytic activity.
The liquid production increased from 41.6 to 54.8%, with
18.6% selectivity towards the gasoline fraction.
Interestingly, the ZAB catalyst, which resulted from
the NaOH treatment on ZA, showed the highest liquid
production (55.1%) with 19.5% selectivity towards the
gasoline fraction, contributing to increased catalyst surface
area. Because active sites were created on the surface of
the catalysts, increasing the surface area of the catalysts
increases the availability of active sites, resulting in
increased catalytic activity. As shown in Table 2, the ZAB
exhibits the highest surface among others. The surface
area of the catalyst is in the order (from the lowest to the
highest): ZAA <ZAAB <ZA <ZAB, and the catalytic
activity is in the order: ZAA <ZA < ZAAB < ZAB.

Correlation between Specific Surface Area towards
the Activity of the Catalysts

The correlation between the specific surface area of
catalysts and the number of liquid products produced is
shown in Fig. 5. The amount of liquid product made was
also used to determine the catalyst's activity. Fig. 5 offered

Fig 5. Correlation between the specific surface area of
catalysts and the amount of liquid product

that the number of liquid products produced increases
as the specific surface area of the catalyst increases.
Increases in a catalyst's specific surface area can improve
active sites' availability. Catalytic reactions rely heavily
on active sites [36]. The ZAB exhibited the highest
catalytic activity, attributed to its large specific surface
area. Due to its low specific surface area, the ZAA
showed the most insufficient catalytic activity. This
conclusion is consistent with the research from [37],
which indicates that a catalyst with a high specific
surface area has a greater chance of exhibiting good
catalytic activity during the hydrocracking process.

CONCLUSION

In this study, the preparation of heterogeneous
catalysts has successfully been carried out. The acetic
acid and sodium hydroxide treatment was treated on
Wonosari natural zeolite and denoted as ZAA, ZAB, and
ZAAB. The acid treatment towards zeolite increased
Si/Al ratio from 7.30 to 7.85, respectively. Sodium
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hydroxide treatment decreased Si/Al ratio from 7.30 to
7.26 and after acid-sodium hydroxide treatment from
7.85 to 7.61, respectively. The ZA, ZAB, ZAA, and ZAAB
catalysts produced liquid products of 53.9, 55.1, 41.6, and
54.8 wt.%, respectively. The ZAB had the highest liquid
product  with
compounds of 22.4 wt.%. The higher specific surface area

selectivity ~ towards  hydrocarbon
increased the activity and selectivity of the catalyst
towards liquid production and hydrocarbon compounds
in the hydrotreatment process of castor oil. The ZAB

catalyst showed the highest surface area.
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Abstract: This work aimed to synthesize, characterize and evaluate the thermal stability
of new sulfur and selenium organochalcogenide derivatives and to test the cytotoxic activity
against breast adenocarcinoma cell line (MCF-7) through conducting MTT assay and
AO/EB dual staining-technique. Two series of ten organo-chalcogen compounds: 4-
(substituted)phenylthiomorpholine-3,5-dione and 4-(substituted)phenylselenomorpholine-
3,5-dione were prepared by the reaction of Na,S-3H,O and NaHSe with N-
(substituted)phenyl-2-chloro-N-(2-chloroacetyl)acetamide, respectively, under nitrogen
atmosphere to give the corresponding cyclic chalcogenide ligands. All new compounds
were characterized by melting point, FTIR, elemental analysis, UV-Visible, 'H-NMR and
BC-NMR. Meanwhile, TG/DTA analysis of some of these ligands was conducted to
evaluate the thermal stability, kinetic, and characteristic thermodynamic parameters.
Absorption spectroscopy was used to investigate these compounds with human DNA. The
experimental results investigated a hypochromic effect via intercalation binding mode.
The role of the prepared ligands in breast cell lines has been investigated by conducting
MTT assay via spectroscopic techniques on HBL100 and MCF-7, normal and cancer
breast cell lines, respectively. Cell death was seen after AO/EB dye staining method
employing the fluorescence microscopy technique. The results revealed that these
compounds possess cytotoxic activity on the MCF-7 and HBL-100 cell lines at a fixed
concentration.

Keywords: chalcogenide; phenylacetamide; seleno-morpholine; heterocyclic chalcogenide;
thio-morpholine

= INTRODUCTION

Materials  containing  organochalcogens  or
coordination compounds with chalcogen bond(s) have
been extensively investigated due to their unique properties,
such as electric and thermal conductivities, molecular self-
assemblies, nanotube formation, ion exchange capacity,
non-linear optics, photoelectro-chemical behavior, and
drug delivery [1-2].

Sulfur (S) and selenium (Se) compounds present
several applications in a great variety of fields. The
anticancer activity of these compounds was considered
the most important application due to the burden, costs,

and mortality rates caused by cancer disease [3-4].

Se is a crucial trace element [5-6] that is naturally
occurring with both nutritional and toxicological
properties. Se is non-toxic to humans in low
concentrations, but it plays a significant role in human’s
health in addition to regulating many critical functions
involving cells; therefore, an adduct that releases
selenium to the biological system at a steading rate act as
an effective pharmaceutical agent [7-10]. This is
mediated by incorporating it into selenoproteins.
Apparently, the effectiveness of Se adducts as an anti-
infective or antioxidant agent depends on the
bioavailability of Se at the site of action [11]. The use of
Se in medicinal chemistry is helpful to care for many

kinds of illness due to compatibility with the biological
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system either directly or indirectly [7] e.g., Se
supplements are given to repay its deficiency, while
selenium sulfide is used in shampoos for the treatment of
dandruff [12-13].

experimental evidence in vitro, animal, and prospective

Moreover, through extensive
studies, it emerged that the supplementation of Se reduces
the incidence of different cancer types [14].

Natural heterocyclic five-membered ring compounds
thiazolin-4-carboxylic acid (a derivative of formyl-
cysteine), thiazolidine-4-carboxylic acid (thioproline), 2-
amino-2-thiazoline-4-carboxylic acid (ATCA), and 2-
amino-3-methyl-5-sulfanylimidazol-4-yl propanoic acid
(ovothiol A) [15]. All these compounds demonstrated to
possess different and, in some cases convergent biological
activities such as oxygen and nitrogen-free radical
scavenging capacity, detoxification of cyanide, and
antioxidant activity [16].

Morpholine and thiomorpholine are organic
heterocyclic compounds which have several practical
applications as they are the most favorable organic solvent
due to their low cost and can be considered good bases
[17]. A large number of heterocyclic bases, such as
thiomorpholine and their derivatives, have been reported
[18] due to their thermal stability and bioinorganic
applications such as antimalarial and antioxidant.

Our interest in this area is focused on the
investigation of the thermal stability of the newly
chalcogen ligands and on preparing compounds that may
have an ability of cell-growth inhibition or have a selective
or directed action on cancerous cells and to study the
compound-DNA interactions of these chalcogen ligands
by various techniques.

m EXPERIMENTAL SECTION
Materials

All chemicals and solvents used were of analytical
grade supplied by Sigma-Aldrich, Fluka, Merck, BDH,
and SCH companies and were used as such without
further purifications. Sodium carbonate, chloroacetyl
chloride, sodium borohydride, and MTT stain were
obtained from Sigma-Aldrich company. Dichloromethane
was obtained from Fluka, USA. Dimethyl sulfoxide,
sodium chloride, sodium hydroxide, and potassium

Indones. J. Chem., 2023, 23 (2), 309 - 320

hydroxide were obtained from Merck company.
Selenium powder and chloroform were obtained from
BDH. Absolute ethanol, acetone, and ethyl acetate were
obtained from SCH. Normal (HBL-100) and cancer cell
lines (MCF-7) were obtained from the IRAQ Biotech
Cell Bank Unit in Basra and maintained in RPMI-1640
supplemented with 10% Fetal bovine, 100 units/mL
penicillin, and 100 pg/mL streptomycin. Cells were
passaged using Trypsin-EDTA reseeded at 70%
confluence twice to third a week and incubated at 37 °C
and 5% CO,; the CO, incubator was obtained from
Cypress Diagnostics (Belgium).

Instrumentation

The melting points of all prepared compounds
were determined by a Buchi 510 melting point
apparatus. FTIR (Fourier transform Infrared) spectra
recorded using an FTIR-8400S Shimadzu
Spectrophotometer in the range (4000-400) cm ™" in KBr

were

disk. Elemental analysis (C, H, N, S) was performed by
using the EuroFA-Vector-EA-3000 Elemental Analyzer
Apparatus. 'H and "C-NMR spectra were recorded on a
Bruker DRX 500 MHz and 125 MHz, respectively, using
CD;0OD and DMSO-ds as internal standards (Central
Laboratory, University of Tehran, Iran). UV-Vis spectra
for ligands were measured on a Shimadzu 1800 UV-Vis
spectrophotometer. The thermal analysis was carried out
by NETZSCH STA449 F3 Jupiterg-Thermal analyzer.

Procedure

General procedure for the synthesis of compound (4)
2-Chloro-(substituted)phenyl acetamide. A mixture
of aryl amine compounds (4 mmol) and sodium
carbonate (4.24 g; 4 mmol) in 70 mL of acetone was
stirred for 30 min. Then, chloroacetyl chloride (6.5 mL;
8 mmol) was added dropwise. The reaction was stirred
at room temperature for 2 h, filtered, and then the excess
solvent was removed under a vacuum. To the filtrate,
30 mL of distilled water was added, and then the resulting
solid was filtered, dried, and crystallized from ethanol/
water (ratio 80:20) mixture [18-19] (see Scheme 1).

N-phenyl-2-chloro-N-(2-chloroacetyl) acetamide as
compound (4a). Follow the general procedure of 2-
chloro-(substituted)phenyl acetamide(4) using aniline(1)

Hayat Hamza Abbas et al.



Indones. J. Chem., 2023, 23 (2), 309 - 320 311
i
= — C CH,CI
o )N s ) N
X
R ‘(1) R \Icl: CH,CI
Na,CC
+ 2 CICH,CO0l ——227° @ o
- @) = 0
> C CH,CI
RS NH. XY / 2
(2) 5 I
Compd (4a), Compd (5a) [R = R' = H] (5) G CHC
Cempd (4b) 1 R = g-chloro O
Cempd (4c) : R = p-bromo
Compd (4d) : R = pchlero
Scheme 1. Synthesis of N-aryl-2-chloro-N-(2-chloroacetyl)acetamide and their derivatives
(3.72 g; 4 mmol), sodium carbonate (4.24 g; 4 mmol) in  chloro-(substituted)phenyl  acetamide (4) using

70 mL of acetone and chloroacetyl chloride (6.5 mL;
8 mmol). The silvery precipitate was obtained in 80%
yield, m.p. 127-129°C, IR vem™ (KBr): 1674 (C=0
amide), 559 (C-Cl).
N-o-chlorophenyl-2-chloro-N-(2-chloroacetyl)
acetamide as compound (4b). Follow the general
procedure of 2-chloro-(substituted)phenyl acetamide (4)
using o-chloroaniline (5.14 g; 4 mmol), sodium carbonate
(4.24 g; 4 mmol) in 70 mL .of acetone and chloroacetyl
chloride (6.5 mL; 8 mmol). The white precipitate was
obtained in 78% yield, m.p. 71-73 °C, IR vem™ (KBr):
1674 (C=0 amide), 570 (C-Cl).
N-p-bromophenyl-2-chloro-N-(2-chloroacetyl)
acetamide as compound (4c). Follow the general
procedure of 2-chloro-(substituted)phenyl acetamide (4)
using p-bromoaniline (6.88 g; 4 mmol), sodium carbonate
(4.24 g; 4 mmol) in 70 mL of acetone and chloroacetyl
chloride (6.5 mL; 8 mmol). A chalky white precipitate was
obtained in 75% yield, m.p. 191-193 °C, IR vem™" (KBr):
1670 (C=0 amide), 567 (C-Cl).
N-p-chlorophenyl-2-chloro-N-(2-chloroacetyl)
acetamide as compound (4d). Follow the general
procedure of 2-chloro-(substituted)phenyl acetamide (4)
using p-chloroaniline (5.14 g; 4 mmol), sodium carbonate
(4.24 g; 4 mmol) in 70 mL of acetone and chloroacetyl
chloride (6.5 mL; 8 mmol). The white cotton precipitate
was obtained in 82% yield, m.p. 177-179 °C, IR vem™
(KBr): 1670 (C=0 amide), 567 (C-Cl).
N-benzyl-2-chloro-N-(2-chloroacetyl) acetamide as
compound (5a). Follow the general procedure of 2-

benzylamine (2) (3.55 g; 3.3 mmol), sodium carbonate
(4.24 g; 4 mmol) in 70 mL of acetone and chloroacetyl
chloride (6.5 mL; 8 mmol). The white transparent
precipitate was obtained in 85%, yield m.p. 99-102 °C,
IR vem™ (KBr): 1651 (C=0 amide), 590 (C-Cl).

General procedure for the synthesis of compound (6)
4-(Substituted)phenylthiomorpholine-3,5-dione.
An aqueous solution of Na,S-3H,0 (0.32 g; 2.00 mmol)
was added to a solution of compound 4 (2.00 mmol) in
20 mL of ethanol under a nitrogen atmosphere. After
about 30 min, a pale-yellow solution formed and filtered,
then 50 mL of distilled H,O was added, and the resulting
solution was extracted with CH,Cl, (30 mL) three times.
The solvent was evaporated to a minimum amount; a
pale-yellow precipitate was collected, then dried and
recrystallized from ethanol (see Scheme 2).
4-Phenylthiomorpholine-3,5-dione as compound
(6a). Follow the general procedure of 4-(substituted)
phenylthiomorpholine-3,5-dione (6) using an aqueous
solution of Na,S-3H,O (0.32g 2.00 mmol) and
compound 4a (0.49 g; 2.00 mmol). White, yield: 83%,
m.p. 172-174°C, IR vem™ (KBr): 1651 (C=0 amide),
752 (C-S), 1554 (C=C), 2914 (C-H.), 3198 (C-H.,), 3479
(C-OH), UV-Vis A nm: 216 band I, 240 band II, 252
band III, Anal. Calculated for C,;HsNO,S: C, 57.95; H,
4.34; N, 6.76. Found: C, 56.79; H, 4.32; N, 6.74.
4-o0-Chlorophenylthiomorpholine-3,5-dione as
compound (6b). Follow the general procedure of 4-
(substituted)phenylthiomorpholine-3,5-dione (6) using
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Scheme 2. Synthesis of chalcogenides (6a-8d and 9) derivatives from N-aryl-2-chloro-N-(2-chloroacetyl) acetamide

an aqueous solution of Na,S-3H,O (0.32 g; 2.00 mmol)
and compound 4b (0.56 g; 2.00 mmol). White, yield: 68%,
m.p. 135-137 °C, IR vem™ (KBr): 1651 (C=0 amide), 756
(C-S), 1531 (C=C), 2947 (C-Ha), 3036 (C-H,), 3452 (C-
OH), 'H-NMR spectra (ppm) DMSO-ds solvent: 2.55
(1Hs, s); 3.60 (4H,, s); 7.19-7.15 (1H5, t, Ar); 7.32-7.29
(1Hs, t, Ar); 7.49-7.47 (1Hs, d, Ar); 7.79-7.77 (1Hs, d, Ar),
UV-Vis A nm: 216 band I, 240 band II, 257 band III, Anal.
Calculated for o-CIC,,HsNO-S: C, 49.48; H, 3.29; N, 5.77.
Found: C, 49.50; H, 3.21; N, 5.78.

4-p-Bromophenylthiomorpholine-3,5-dione as
compound (6¢). Follow the general procedure of 4-
(substituted)phenylthiomorpholine-3,5-dione (6) using
an aqueous solution of Na,S-3H,O (0.32 g; 2.00 mmol)
and compound 4c (0.65 g; 2.00 mmol). White, yield: 82%,
m.p. 212-215 °C, IR vem™ (KBr): 1662 (C=0 amide), 732
(C-S), 1543 (C=C), 2928 (C-Ha), 3037 (C-H.,), 3502 (C-
OH), 'H and “C-NMR spectra (ppm) DMSO-d; solvent:
2.51 (1H,, s); 3.37 (4H,, s); 7.49-7.46 (1Hs 1Hs, d, Ar);

7.58-7.55 (1Hs 1H,, d, Ar); 10.32 (OH, s) and 36.57
(2C)); 155.41 (C,); 121.57 (Ce, Cs); 132.00 (Cs, Co); 138.83
(C4); 168.18 (C,, Cs), respectively, UV-Vis A nm: 227
band I, 240 band II, 258 band III, Anal. Calculated for p-
BrC,0\HsNO-S: C, 41.81; H, 2.78; N, 4.87. Found: C,
41.77; H, 2.80; N, 4.85.

4-p-Chlorophenylthiomorpholine-3,5-dione as
compound (6d). Follow the general procedure of 4-
(substituted)phenylthiomorpholine-3,5-dione (6) using
an aqueous solution of Na,S-3H,O (0.32 g; 2.00 mmol)
and compound 4d (0.56 g; 2.00 mmol). White, yield: 80%,
m.p. 183-185°C, IR vem™ (KBr): 1662 (C=0 amide),
740 (C-S), 1546 (C=C), 2935 (C-H,), 3063 (C-H.,), 3479
(C-OH), 'H and "“C-NMR spectra (ppm) DMSO-d;s
solvent: 2.44 (1Hj3, s); 3.52 (4H,, s); 7.38-7.35 (1Hs 1H,,
d, Ar); 7.64-7.61 (1Hs 1Hs, d, Ar); 10.36 (OH, s) and
38.71 (2C;); 123.36 (Cs, Cs); 129.58 (C,); 131.28 (Cs, Co);
140.58 (C;); 170.34 (C,, Cs), respectively, UV-Vis A nm:
227 band I, 240 band II, 258 band III, Anal. Calculated
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for p-BrCioHsNO,S: C, 49.48; H, 3.29; N, 5.77. Found: C,
49.51; H, 3.81; N, 5.76.
4-Benzylthiomorpholine-3,5-dione as compound
(7a). Follow the general procedure of 4-(substituted)
phenylthiomorpholine-3,5-dione (6) using an aqueous
solution of Na,S-:3H,O (0.32g 2.00 mmol) and
compound 5a (0.52 g; 2.00 mmol). Pale-yellow, yield: 79%,
m.p. 155-158 °C, IR vem™ (KBr): 1647 (C=0 amide), 736
(C-S), 1535 (C=C), 2916 (C-H,)), 3032 (C-H..), 3425 (C-
OH), UV-Vis A nm: 227 band I, 237 band II, 251 band III,
Anal. Calculated for C;;H,1NO-S: C, 59.71; H, 5.01; N,
6.33. Found: C, 59.73; H, 5.11; N, 6.28.

General procedure for the synthesis of compound (8)
4-(Substituted)phenylselenomorpholine-3,5-dione.
To a suspended solution of Se powder (0.14 g; 1.8 mmol)
in 25 mL of H,O has added a solution of NaBH, (0.118 g;
3.1 mmol) in 25 mL of H,O under an argon atmosphere.
A vigorous reaction occurs with the evolution of hydrogen
gas. Se powder was consumed in less than 10 min, and a
colorless solution of sodium hydrogen selenide NaHSe
was formed [7]. To the resulting solution was added a
solution of compound 4 (1.8 mmol) in 20 mL of ethanol
under an argon atmosphere. After about 30 min, a colored
precipitate was formed, collected by filtration and washed
several times with ethanol, dried, and then Recrystallized
from ethanol [20] (Scheme 2).
4-Phenylselenomorpholine-3,5-dione as compound
(8a). Follow the general procedure of 4-(substituted)
phenylselenomorpholine-3,5-dione (8) using a colorless
solution of sodium hydrogen selenide NaHSe (prepared
from the reduction of selenium with sodium borohydride)
and a solution of compound 4a (0.48 g; 1.8 mmol) under
argon atmosphere. Violet, yield: 83%, m.p. 172-174 °C, IR
vem™ (KBr): 1647 (C=0 amide), 497 (C-Se), 1554 (C=C),
2943 (C-Ha), 3144 (C-H.r), 3290 (C-OH), UV-Vis A nm:
216 band I, 240 band II, 252 band III, Anal. Calculated for
CioHsNOsSe: C, 47.25; H, 3.54; N, 5.51. Found: C, 47.22;
H, 3.59; N, 5.49.
4-o0-Chlorophenylselenomorpholine-3,5-dione  as
compound (8b). Follow the general procedure of 4-
(substituted)phenylselenomorpholine-3,5-dione (8) using
a colorless solution of sodium hydrogen selenide NaHSe
(prepared from the reduction of selenium with sodium

borohydride) and a solution of compound 4b (0.50 g;
1.8 mmol) under argon atmosphere. Pale gray, yield:
80%, m.p. 121-123°C, IR vem™ (KBr): 1654 (C=0
amide), 486 (C-Se), 1531 (C=C), 2952 (C-H,), 3252 (C-
H.:), 3448 (C-OH), '"H-NMR spectra (ppm) DMSO-ds
solvent: 3.31 (1H3, s); 3.63 (4Hy, s); 7.21-7.17 (1H, t, Ar);
7.34-7.31 (1Hs, t, Ar); 7.51-7.49 (1H,, d, Ar); 7.81-7.79
(1Hs, d, Ar); 9.70 (OH, s), UV-Vis A nm: 216 band I, 240
band II, 257 band III, Anal. Calculated for o-
CIC,0HgNO,Se: C, 41.46; H, 2.76; N, 4.83. Found: C,
41.44; H, 2.75; N, 4.80.
4-p-Bromophenylselenomorpholine-3,5-dione as
compound (8c). Follow the general procedure of 4-
(substituted)phenylselenomorpholine-3,5-dione (8)
using a colorless solution of sodium hydrogen selenide
NaHSe (prepared from the reduction of selenium with
sodium borohydride) and a solution of compound 4c
(0.58 g; 1.8 mmol) under argon atmosphere. Pale gray,
yield: 80%, m.p. 201-203 °C, IR vem ™ (KBr): 1658 (C=0
amide), 501 (C-Se), 1539 (C=C), 2939 (C-H.), 3117 (C-
H.:), 3275 (C-OH), 'H and “C-NMR spectra (ppm)
DMSO-d; solvent: 2.51 (1Hs, s); 3.37 (4H,, s); 7.49-7.46
(1Hs 1Hs, d, Ar); 7.58-7.55 (1Hs 1Hs, d, Ar); 10.32 (OH,
s) and 3.33 (1Hs, s); 4.26 (4H,, s); 7.52-7.47 (1Hs 1Hs, d,
Ar); 7.57-7.53 (1Hs 1H,, d, Ar); 10.27 (OH, s),
respectively, UV-Vis A nm: 240 band I, 258 band II, 271
band III, Anal. Calculated for p-BrC,,HsNO:Se: C, 35.94;
H, 2.39; N, 4.19. Found: C, 35.89; H, 2.37; N, 4.21.
4-p-Chlorophenylselenomorpholine-3,5-dione as
compound (8d). Follow the general procedure of 4-
(substituted)phenylselenomorpholine-3,5-dione (8) using
a colorless solution of sodium hydrogen selenide NaHSe
(prepared from a reduction of selenium with sodium
borohydride) and a solution of compound 4d (0.50 g;
1.8 mmol) under argon atmosphere. Pale pink, yield:
79%, m.p. 197-198 °C, IR vem™ (KBr): 1658 (C=0
amide), 505 (C-Se), 1543 (C=C), 2939 (C-H.), 3190 (C-
H..), 3279 (C-OH), 'H and “C-NMR spectra (ppm)
DMSO-ds solvent: 3.55 (1Hs, s); 4.27 (4H,, s); 7.39-7.35
(1Hs 1H,, d, t, Ar); 7.62-7.59 (1Hs 1Hs, d, Ar); 10.28
(OH, s) and 29.57 (2Cy); 121.10 (C,); 127.13 (Ce, Cs);
129.13 (Cs, Co); 138.46 (Cy); 169.23 (Cy, C3), respectively,
UV-Vis A nm: 216 band I, 240 band II, 258 band III,
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Anal. Calculated for p-CIC;0HsNO,Se: C, 41.46; H, 2.76;
N, 4.83. Found: C, 41.40; H, 2.66; N, 4.83.
4-Benzylselenomorpholine-3,5-dione as compound
(9a). Follow the general procedure of 4-(substituted)
phenylselenomorpholine-3,5-dione (8) using a colorless
solution of sodium hydrogen selenide NaHSe (prepared
from a reduction of selenium with sodium borohydride)
and a solution of compound 5a (0.46 g; 1.8 mmol) under
argon atmosphere. Pale violet, yield: 83%, m.p. 132-
134 °C, IR vem™ (KBr): 1647 (C=0 amide), 493 (C-Se),
1550 (C=C), 2920 (C-H,), 3059 (C-H.,), 3271 (C-OH),
UV-Vis A nm: 216 band I, 240 band II, 252 band III, Anal.
Calculated for C;;H;1NO,Se: C, 47.25; H, 3.54; N, 5.51.
Found: C, 47.22; H, 3.59; N, 5.49.

Biological evaluation

Cytotoxicity is one of the most important indicators
of biological evaluation test that use tissue cells (normal
and cancer cell line); HBL-100 and MCF-7, respectively.
The MTT assay is typically performed after the insoluble
formazan produced is then solubilized by organic solvent
such as DMSO (positive control), while serum-free media
is considered as negative control.

Cytotoxicity measurement

To determine the cytotoxic effect of organo-chalcogen
compounds; 4-(substituted)phenylthiomorpholine-3,5-
dione (6a-6d, 7a) and 4-(substituted)phenylseleno
(8a-8d, 9a), the 3-(4,5-
dimethylthiazole)-2,5-diphenyltetrazolium bromide
(MTT) assay was used by reseeded [20] and then
incubated at 37 °C and 5% CQO,. Cells were placed in 96-
well micro assay culture plates (1 x 10*) cells/well. After

morpholine-3,5-dione

24 h or a confluent monolayer was achieved, cells were
treated with the tested compounds (I-X) (6a-8d, 9a),
which dissolved in DMSO at a concentration of
1000 pg/mL. Suspended cell with complete media 10%
reseeded in 96-well plate 100 pL (1 x 10%) cells/well,
incubated at 37 °C and 100% humidity 5% CO,. Untreated
cells serve as a control group.

Cell viability was measured after 72 h of treatment
by removing the medium, adding 28 pL of 2 mg/mL
solution of MTT, and incubating the cells for 2 h at 37 °C.
After removing the MTT solution, the crystals remaining
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in the wells were solubilized by the addition of 100 uL of
DMSO and followed by 37 °C incubation for 15 min
with shaking [21]. The optical density of each well was
measured on a microplate reader at 620 nm (test
wavelength). The assay was performed in triplicate to
obtain mean values and the inhibition rate of cell
growth. The percentage of cytotoxicity was calculated
according to Eq. (1)
B

- A x100 v

where PR represents the proliferation rate, B represents

the absorbance of compound-treated wells and A
represents absorbance for a non-treated control group.
Therefore, the inhibition rate (IR) was calculated using
Eq. (2) [22].

IR =100—PR )

Apoptosis studies with AO/EB staining method

Dual acridine orange/ethidium bromide (AO/EB)
fluorescent staining, visualized under a fluorescent
microscope, was employed to identify apoptosis-
associated changes in cells during the process of
apoptosis [23]. Dual fluorescent staining solution (1 uL)
containing (5 mg/mL) acridine orange (AO) and (1 pL)
containing (3 mg/mL) ethidium bromide (EB) was
added to each 1 mL of phosphate buffer saline (PBS) and
mixed well, then stored at room temperature and make
fresh every few weeks before using. AO/EB stained
MCE-7 cells. Cell death can occur in several modes when
the cells are exposed to cytotoxic agents.

DNA binding experiments

The human-DNA interactive studies of compound
8a were carried out in 5 mmol/L Tris-HCl and 5 mmol/L
NacCl buffer (10 mM, pH = 7.2) which was prepared in
deionized water. The 50 pM DNA stock in the buffer gave
a ratio of UV absorbance at 260 and 280 nm of about >
1.86 indicating that the human DNA that was used for
absorption titration was sufficiently free from protein [24].

The concentration of DNA per nucleotide was
determined by using the molar absorption coefficient
€260 = 6600 M™' cm ™. The resulting DNA stock solution
was kept at 4 °C and used within 24 h. A solution of 4-
phenylselenomorpholine-3,5-dione (ligand 8a) with
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constant concentration 5 x 107 M, was prepared in 10%
DMSO with 90% Tris-HCl buffer. Upon addition of varying
concentrations of DNA stock solution (20-120 uM over
20 uM increments the resultant solutions) were incubated
at 25 °C for 15 min before recording UV spectra [25]. The
intrinsic binding constant (k,) was determined by fitting
the titration data into the following Eq. (3) [26]
[DNA| [DNA] L1

&, —&r Ky (e —2r)

where &, & and €, are apparent, free, and bound ligand

3)

€a ~8f

extinction coefficients, respectively. The &; was determined
from a calibration curve of an isolated ligand following
Beer’s law. The &, matches the extinction coefficient of the
particular absorption band at the specified DNA
concentration (corresponding to Ag./[complex], &, is
equated to the extinction coefficient of a fully bound
ligand to DNA. The plot of ([DNA])/(e. — &) versus
[DNA], produces a slop 1/(e. — &) and a Y-intercept of
1/ks(er — &). The ratio of slope to the Y-intercept is
expected to be the intrinsic binding constant (ks).

m  RESULTS AND DISCUSSION
Thermogravimetric Study

The thermo-analytical methods (TG/DTA) were
used in this work to evaluate the thermal stability, kinetic,
and thermodynamic characteristic parameters. The thermal
decomposition of some prepared ligands was done from
ambient temperature to 800 °C under an argon atmosphere
using a-ALO; as a reference. Kinetic parameters like
frequency factor; Z; and activation energy, E. of four
chalcogen ligands were calculated from the Arrhenius
plot of the rate of decomposition; Eq. (4-6) Ink versus I/T,
E. was calculated from the slope and Z defined from the
obtained intercept. The low value of Z indicates that the
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decomposition process was slow in nature [27]. The
temperature of half weight loss (Tsox), which represents
the temperature at which the sample loses half of its total
weight, has been appointed. The thermodynamic
parameters (entropy AS’, enthalpy AH" and free energy
AG) of the decomposing process were calculated by
analyzing the TG curves mathematically using the
Freeman-Carroll equation [28]. These calculations are
dependent on the peak temperature T; in order to get the
highest rate of process Table 1. The negative value of AS’
indicates that the decomposition reactions proceed
spontaneously and indicates that the activated ligands
have more ordered structures than the reactants [29].
The thermal decomposition process of some of these
ligands has one decomposition temperature (7a), while
the others have two (8d, 6d) or three (6a) decomposition
temperatures (Fig. 2). The thermogram results show that
the order of relative thermal stability of these ligands is
7a > 8d > 6d > 6a according to the decomposition
temperature, while according to the crucial kinetic
standards, the E. values of these ligands take the order of
7a < 6d < 8d < 6a, which mostly differ from those
defined by the thermal stability.

AS' =2.3o3log[ zh JR (4)
bs

AH =E, -RT, (5)

AG =AH —TAS (6)

In Vitro Cytotoxicity MTT Test

To assess the cytotoxic activity of the ten ligands
(6a-8d), the cell viability was determined by the MTT test,
a colorimetric assay determined by the mitochondrial-
dependent reduction of soluble yellow tetrazolium salt
to blue formazan crystals [30-31]. The data received from

Table 1. Thermal stability and thermodynamic parameters of prepared compounds

Temp. of

Rate of Char. content Activation Temp. range AH’ AS AG
Compd W: T [K] 50 wt.% o (o . Z
loss (°C) decomp. 800°C, (%)  energy (E.) (°C) (KJ/mol) (J/molk) (KJ/mol)
6a 1.069  538.99 381.25 2.8 5.80 15.83 69-244 0.0012 11.35 -9.490 026.8
7a 2.163  578.33 246.00 34 15.0 14.07 67-172 0.0080 09.27 -275.7 168.7
6d 3.634  544.37 306.25 2.7 24.6 15.04 56-231 0.0003 10.51 -163.5 099.5
8d 1.568  550.91 321.50 34 8.20 15.63 125-250 0.0010 11.05 -324.6 289.5
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this assay was analyzed by subtraction of the blank control
absorbance value from all the other values. The DMSO-
solvent control value is set to 100% viability, as no growth-
inhibiting compound was added [32]. Fig. 3 shows the
vitality of the cell line MCF-7 and normal breast cell line
(HBL-100) when exposed to one concentration 1000 pg/mL
for each one of the ten ligands (6a-8d) prepared. This
concentration causes growth inhibition of normal and
human MCE-7 breast cancer cells. The highest rate of vital
percentage was 72.4% of p-chlorophenylthiomorpholine-
3,5-dione (6d) ligand, while the lowest rate of vital
percentage was 32% of 4-phenylselenomorpholine-3,5-
dione (8a) ligand. While the normal cell line HBL-100,
exposed to 4-phenylselenomorpholine-3,5-dione (8a)
ligand and benzylselenomorpholine-3,5-dione (9a) ligand
at the same concentration 1000 pg/mL for 72 h. The results
showed that the vitality of the normal breast cell line was
affected by these two ligands, 8a and 9a, and the rate of
vital percentage was 30.9 and 39.3%, respectively. The
percentage of cell viability was plotted against the
concentration of compound added to the medium (Fig. 1).

AO/EB Staining and Programmed Cell Death

The AO/EB dye was employed to stain MCE-7
breast cancer cells that examine by fluorescence
microscopic before and after treatment with compounds
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8a and 8c. Thus, this assay was conducted to diagnose
stages of programmed cell death. Cells that have
undergone apoptosis are non-viable and emit red
fluorescence upon binding of AO/EB to ssDNA or RNA,
as the red blocks indicate the advanced stages of cell
death. The viable cells colored green refer to the
combined dye to dsDNA, while lumpy chromatin
formed in yellow indicates the early stages of nucleus
fragmentation and the appearance of cell death bodies
[17].

Fig. 2 explores the microscopic fluorescence
images of MCEF-7 breast cancer cell line untreated (Fig.
2(a)) and treated AO/EB stained cells with compounds
(8a) and (8c), Fig. 2(b) and 2(c), respectively. The
untreated cells appear unaffected, showing a single
integral monolayer of healthy and highly organized
structure as they emit green fluorescence with AO/EB at
magnification 10x. The MCEF-7 cell line grill with
AO/EB dye treated with compounds (8a), Fig. 2(b), and
(8c¢), Fig. 2(c) appeared affected as they lost their normal
characteristics. Thus, the appearance of the yellow-
colored nucleus fragments indicates the early stages of
programmed cell death showing large areas lacking cells
at magnification 40x (Fig. 2(d) and 2(e)). The emergence
of the large spaces devoid of cells in Fig. 2(e) reveals
clearly that (8c) is more effective than compound (8a).

“ @ e 39.3
70 o 40 4
60 | 35
£ <%
2z 40 :'25
3 3 20
>3 > 15
20 1 10
10 4 5
0 1 0

11 12 13 14 15 16 17 18
Concentration (pg/mL)

Fig 1. Percentage of cell viability in the cell line of (a) Breast cancer type (MCF-7) vs one concentration 1000 ug/mL
for each one of the five (11-15) 4-(substutited)phenylselenomorpholine ligands (8a-8d), and of another five (16-20)
4-(substutited)phenylthiomorpholine ligands (6a-6d), (b) Normal breast cell line (HBL-100) vs one concentration

19 20 1 2
Concentration (pug/mL)

1000 ug/mL for each one of the two ligands (1and2) 4-phenylselenomorpholine ligand (8a) and 4-
benzylselenomorpholine ligand (9a), respectively added to the medium
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(8a) (8c)
Fig 2. MCF-7 cell line dye AO/EB stain, (a) Untreated cells look unaffected, forming a monolayer strain green with
AO/EB at magnification 10x, (b) Cells treated with compound (8a) appear affected as colored in yellow AO/EB at
magnification 10X, (c) Cells treated with compound (8¢); losing of normal characteristics refers to one of the early
stages of cell death, AO/EB at magnification 10x. (d) and (e) images of (8a) and (8c) at magnification 40x
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Fig 3. Overlay UV-Vis spectra of 4-phenylselenomorpholine, ligand (8a), in the absence and presence of increasing
amounts of human-DNA. Arrow indicates that absorbance changes upon increasing DNA concentrations. Inset: Plot
of [DNA]/(e. — &) x 10% vs [DNA] x 10° and the linear fit for the titration
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DNA-Binding

Absorption studies: the binding of prepared ligands
to the helix has been characterized through the
measurement of absorbance and the significant shift of
maxima as a function of an added amount of DNA (20-
120 uM) to a fixed ligands concentration (3.0 x 10~ uM).
For ligand 8a (Fig. 3), the broadband at 260 nm was
monitored as it has been noticed that an increase in the
amount of DNA led to decreasing in molar absorptivity
beside an 8-10 nm red shift i.e., a hypochromic shift
indicating intercalative interaction of compound 8a with
DNA. The intrinsic binding constant was found to be ky, =
3.60 x 10° M™!
interaction, compared to classical intercalators (k, ~10°)
function of added DNA. The isosbestic point at 290 nm
confirms the bonding of ligands with DNA [33-34].

suggesting  moderate  intercalative

m CONCLUSION

According to the decomposition temperature of the
newly chalcogen ligands in the current study, the
thermogram results show that the relative thermal
stability of these ligands takes this order 7a > 8d > 6d > 6a
while their activation energies E, take another order 7a <
6d < 8d < 6a differs completely from that sequence. The
results of absorption studies show that the absorption
intensity decreased (hypochromic) evidently after the
addition of DNA, which indicates that the interaction
between DNA and ligand 8a occurred. The intrinsic

(ko = 3.42 x 10° M) is
other

binding constant roughly

comparable to intercalators’ interactions.
According to the toxicity by new ligands through the
MTT-assay to both normal and cancerous lines, they have
no selective or directed action on cancerous cells.
Nevertheless, this method does not provide any
information regarding the cell death mechanism, the
phase in the cell cycle that is affected by the drug and its
possible biological target. AO/EB assay and cell cycle
analysis were conducted to diagnose stages of
programmed cell death. It can be concluded that the low
viability percentage of compounds 8a and 8¢ (Fig. 3),
besides the cytofluorimetric inconclusive results, may
indicate that these prepared compounds may have the

ability of cell-growth inhibition. More studies need to be
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subjected to confirm this conclusion, such as the
employment of variable concentrations of these
compounds and increasing the time of exposure.
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Abstract: The bioactive compounds naturally present in plants have great importance
due to their biological characteristics. These substances could lose their active
characteristics since they are highly unstable. Microencapsulation is one of the techniques
to improve stability and protect these compounds. In this work, Ruellia tuberosa L.
ethanolic extracts microcapsules were prepared using a freeze-drying method by varying
pH, alginate concentration, and stirring time. The encapsulation efficiency (EE),
characteristics, alpha-amylase inhibition activity, and release behavior of the
microcapsules were investigated. The results highlighted that the highest encapsulation
efficiency for the microcapsules was obtained at pH 6, alginate concentration of 1% (w/v),
and 30 min of stirring time (51.63% EE). The microcapsules mostly had spherical shapes
with a mean diameter of 197.53 ym. The alpha-amylase inhibition assay from
microcapsules resulted in the ICsy value of 46.66 + 0.13 ug/mL, demonstrating high
biological activity. The bioactive substances from microcapsules were released during
intervals of 30-120 min at pH values of 1.2 and 7.4. Only 3.51% of the bioactive
substances were released at pH 1.2 after 120 min, compared to 55.78% at pH 7.4. Overall,
this work confirms the possibility of developing plant extracts with preserved biological
activity using the produced microcapsules.

Keywords: alginate; alpha-amylase; freeze drying; microencapsulation; Ruellia
tuberosa L.

= INTRODUCTION

Discovering bioactive compounds in natural

treatment of wounds [3]. This plant had also been
proven to have antioxidant, anti-microbial, anti-cancer,
and antidiabetic activities [4].

materials can support the expansion of their functional
value in both disease prevention and treatment. Indonesia
has a wide variety of plants and has been represented as
one of the best producers of medicinal plants. Along with
the times, the use of medicinal plants in the treatment of
disease increased due to their fewer side effects [1-2].
Ruellia tuberosa Linn is a herbaceous plant of the
Acanthaceae family from Central America and has widely
spread in Southeast Asia countries, such as Indonesia.
Based on the previous study, the leaves of this plant had
anti-inflammatory activity; the roots and stems can be
used as a disinfectant; the flower parts were used in the

Several previous studies stated that the
hydroethanolic extract of R. tuberosa L. contained
several secondary metabolites compounds, such as
flavonoids, phenolic compounds, ascorbic acid, and
steroids [3-5]. Flavonoids can demonstrate antidiabetic
activity through their function as antioxidants. The
presence of hydroxyl groups (O-H) and conjugated
double bonds in the structure of flavonoids produced
antioxidant activity [6]. However, bioactive compounds
like flavonoids are sensitive to environmental conditions
such as pH or temperature and have low bioavailability
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[7]. The poor bioavailability may affect the number of
bioactive compounds that can attain the circulatory
system. Hence, the microencapsulation method was
these
Microencapsulation is the shielding process of small

required to  protect compounds  [8].
particles using a polymer. This method resulted in
microcapsules with a size range of 2-2000 um [9-10]. The
primary purpose of microencapsulation is to avoid the
degradation or inactivation of the active compounds due
to the unstable environmental conditions [9].

Ionotropic gelation is one of the techniques in the
based on the

interaction between two ionic species, where one of them

encapsulating process electrostatic
is a polymer. The bioactive compounds from natural
materials may be trapped between the polymer chains and
form microcapsule beads [11-12]. A common polymer
used in the microencapsulation process is sodium alginate
due to its ability to form a very versatile, biocompatible,
and non-toxic matrix to encapsulate the compounds [13].
Furthermore, the calcium chloride addition as a cross-
linker plays a role in forming alginate beads due to the
exchange of sodium ions with calcium cations. The
resulting cross-linked beads were beneficial for the
controlled release of bioactive molecules [14]. Drying is a
necessary process to obtain microcapsules. One of the
drying techniques that are generally used is freeze-drying.
This technique may prevent the substances inside the
dried microcapsules from degradation due to high
temperatures [15-16]. Numerous factors, including pH of
medium, coating material concentration, and stirring
time contribute to the properties of microcapsules.
Carboxylate groups in sodium alginate structure can be
readily dissociated and form ionic bonds in an acid
solution. The coating materials concentration and stirring
time may affect the size of the microcapsules. In addition,
smaller microcapsules may generate greater efficiency
[17-18].

Due to the antidiabetic activity of R. tuberosa L.
extracts, the inhibition against alpha-amylase can be
conducted to determine their biological activities. Alpha-
amylase is one of the targeted enzymes for type 2 diabetes
mellitus (DM) treatment. The alpha-amylase enzyme
(E.C.3.2.1.1) is a hydrolase class enzyme catalyzing the
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hydrolysis of a-1,4-glycosidic bonds of amylum to
produce glucose and maltose [19]. Theoretically,
inhibition of the alpha-amylase is expected to slow down
the hydrolysis of carbohydrates and the formation of
glucose, so this may automatically reduce the post-
prandial glucose levels [20]. Moreover, the resistance of
microcapsules in carrying the bioactive compound must
be done through a microcapsule release test [21]. The
release of microcapsules is carried out by evaluating the
amount of released active compounds at very acidic (pH
1-3) and physiological conditions (pH 7.4) [22]. In this
analysis, the zero-order release kinetic model is used to
determine the relationship between the release time and
percentage of microcapsules. The zero-order kinetic
model is effectively considered for the sustained released
samples [23-24].

This study was aimed to examine the process of
microencapsulation using the freeze-drying technique.
Calcium chloride, which serves as a cross-linker, and
sodium alginate polymer constructed the shielding
components. In order to find the ideal microcapsule
conditions, a number of variables were examined,
including pH, sodium alginate content, and stirring
Additionally, an
experiment was performed on microcapsules under the

time. alpha-amylase inhibition
optimum conditions to determine their effectiveness in

treating type 2 diabetes mellitus.
m EXPERIMENTAL SECTION

Materials

The materials were acquired from Merck: sodium
alginate (=99%, molecular biology grade), calcium
chloride (CaCl,), aluminum chloride (AICl;), alpha-
amylase enzyme originated from Aspergillus oryzae
(2150 units/mg protein), D-(+) glucose (analytical
standard), glacial acetic acid (pharmaceutical primary
standard), soluble starch (from potato, ACS grade),
(> 98%,
potassium sodium tartrate tetrahydrate (> 99%), sodium

sodium  hydroxide pellets, anhydrous),
acetate (anhydrous, =99%), 3,5-dinitrosalicylic acid
(DNS) reagent (= 98%, HPLC grade), acarbose (= 95%),
release mediums (simulated gastric fluid (SGF) and

simulated intestinal fluid (SIF)). The R. tuberosa L. root
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powder was purchased with a letter confirming the
species from UPT Materia Medica Batu in East Java.

Instrumentation

The instrumentations used in this study were UV-
Vis spectrophotometer (Shimadzu), Fourier transform
infrared spectrometer (FTIR, Shimadzu Prestige 21),
particle size analyzer (PSA, CILAS 1090), and scanning
electron microscope (SEM, TM 3000 Hitachi).

Procedure

Preparation of R. tuberosa L. extract

A total of 250 g of R. tuberosa L. root powder was
macerated using 96% ethyl alcohol for 3 x 24 h, in the
volume ratio of 4:1 with the dried weight. The resulting
extracts were filtrated and evaporated using a rotary
evaporator (120 rpm; 50 °C) to acquire the concentrated
extracts. For subsequent analysis, the concentrated
extracts were stored at a low temperature of 4 °C.

Microencapsulation of R. tuberosa L. extracts

The 2% sodium alginate (w/v) solution was prepared
in 10 mL of 1% acetate buffer (v/v, pH variations of 4, 5,
6, and 7). Then, 0.5 g extracts of R. tuberosa L. were
dissolved with 1 mL of 96% ethyl alcohol. The mixture
was gradually added to the sodium alginate solution. The
mixture was stirred using a magnetic stirrer at a speed of
300 rpm until. After that, the mixture was added dropwise
using a syringe to 40 mL of calcium chloride solution
(0.1 M) and stirred again with a magnetic stirrer for
30 min. The forming alginate beads were washed using
distilled water to remove unreacted calcium chloride
(CaCl,) from the surface of the beads. Then, the beads
were freeze-dried for 6 h with a temperature of -55 °C and
air pressure of -60 mmHg until they changed to
microcapsules powder.

The same process was repeated under different
conditions with the following sodium alginate
concentration of 1; 1.5; 2; and 2.5% (w/v). The initial pH
contributing to the optimum percentage of encapsulation
efficiency was used, which was also conducted in other
conditions. Lastly, the influence of stirring time was
established using the same steps with different stirring
times at 15, 30, 45, and 60 min. The highest percentage of
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encapsulation efficiency (%EE) was used to estimate the
optimum conditions of microcapsules.

Encapsulation efficiency
The encapsulation
percentage of encapsulated active ingredients in the

efficiency expressed the

polymer solution. This value denoted the effectiveness of
shielding materials in trapping the extract [24]. The
encapsulation efficiency was determined using the Eq.
(1).

Encapsulation efficiency(%)

Total fl id content in mi 1 1
_ ota avonold content 1in mlcrocapsu eleOO% ( )

Total flavonoid content in extracts

The colorimetric technique with aluminum
chloride reagent was used to determine the total
flavonoid content in samples. The extract and
microcapsule of R. tuberosa L. were prepared by
dissolving 5 mg samples in 3 mL methanol, incubating
at 40 °C for 45 min, and centrifuging at 1,000 rpm for
2 min. An amount of 0.6 mL of prepared solution was
combined with 0.6 mL of 2% of AICL. The combined
solution was then incubated for 23 min at room
temperature. UV-Vis spectrophotometer was used to
measure the absorbance of solution at a wavelength of
420 nm. According to the quercetin standard curve plot
(y = 0.0469x + 0.0138, R* = 0.9977), the amount of total
flavonoid content in each sample was determined and
reported as mg quercetin equivalent (QE)/g. All the

determinations were completed in triplicate.

Alpha-amylase inhibition assay

All samples, including extracts and microcapsules
of R. tuberosa L., and the positive control acarbose, were
made in numerous concentrations (20-100 pg/mL).
Then, 250 pL of each sample was added to 250 pL alpha-
amylase enzyme solution (10 U/mL), which was then
incubated for 30 min at 37 °C. The mixture was then
mixed with 250 pL of 1% soluble starch solution (w/v)
and incubated at 25 °C for 10 min. Furthermore, 500 pL
of DNS reagent was included, and the entire mixture was
heated to a temperature of boiling water and incubated
for 5 min until the color changed into reddish brown.
The solution was then mixed with 5 mL of distilled water
after the solution had been cooled down under running
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water. Lastly, a UV-Vis spectrophotometer operating at a
wavelength of 480 nm was used to test the absorbance of
solution. The assays were carried out in triplicates. Eq. (2)
was used to determine the alpha-amylase inhibitory
activity:

Percentage of enzyme inhibition (%)

_ 2
_ Absorbance of control — Absorbance of sample < 100% (2)

Absorbance of control
The results were represented by the ICs value,
which can be defined as the level of inhibition needed to
block 50% of the activity of the alpha-amylase enzyme.
Plotting a linear regression equation between sample
concentration and enzyme percent inhibition was carried
out to determine the ICs, value.

In vitro release study

The in vitro release of extracts from microcapsules
matrix was performed in the release medium consisting
of simulated gastric fluid (SGF) and simulated intestinal
fluid (SIF) with pH of 1.2 and 7.4, respectively. The release
medium was prepared, and the microcapsules were
added. Next, the mixture was constantly stirred at
100 rpm and placed in the water bath at 37 °C. A total of
10 mL of the solution was sampled at the intervals of 30,
60, 90, and 120 min, and then analyzed using a UV-Vis
spectrophotometer at the wavelength of 420 nm. By using
the quercetin standard curve, the concentration of the
substance released from the microcapsules was
determined as a total flavonoid content. Eq. (3) was used

to express the outcome as a percentage of release (%).

Percentage of release %)
Total flavonoid content release

from microcapsules
P x100% (3)

Total flavonoid content of microcapsules
in optimum condition

FTIR, particle size distribution, and SEM analyses

A dried sample that had been compressed into a KBr
pellet was used for the FTIR measurement, which was
conducted in the 4000-400 cm™ wavenumber region
using an FTIR Shimadzu Type IR Prestige-21. A CILAS
1090 PSA was used to analyze the distribution and size of
microcapsules. An SEM TM 3000 Hitachi was used to
examine the microcapsule's surface morphology and form
at magnifications ranging from 4,000x to 12,000x.
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Data analysis

The mean * standard deviation was used to express
the results. A software, Statistical Package for The Social
Science (SPSS) v.26, was used to conduct the statistical
analysis. The one-way analysis of variance (ANOVA)
and Tukey's HSD test was then used to assess the true
difference from each variation. The differences were
deemed statistically significant at p < 0.05.

m  RESULTS AND DISCUSSION

The dried microcapsules from R. tuberosa L.
extracts were prepared using the freeze-drying technique.
The optimization was carried out to determine the best
conditions leading to the formation of microcapsules
with a high percentage of encapsulation efficiency. Table
1-3 expresses the percentage of encapsulation efficiency
from microcapsules set up at diverse pH, sodium
alginate concentrations, and stirring times. The highest
encapsulation efficiency has resulted in R. tuberosa L.

Table 1. Effect of pH on the encapsulation efficiency of
R. tuberosa L.

pH* Encapsulation efficiency (%)**
4 33.72 £ 0.26°
5 41.73 £ 0.25°
6 46.21 + 0.32¢
7 30.56 + 0.24°

"Microcapsules were prepared using 2% (w/v) of sodium
alginates for 30 min stirring time; “Different notations,
using the One-Way ANOVA test with a level of
confidence a = 5%, indicate significant differences
between conditions

Table 2. Effect of sodium alginate concentration on the
encapsulation efficiency of R. tuberosa L.

Concentration of Encapsulation efficiency

sodium alginate (%w/v)* (%)**
1 51.53 +0.15¢
1.5 44.93 £ 0.18°¢
2 37.84 +0.12°
2.5 32.46 + 0.26*

"Microcapsules were prepared at optimum pH 6 for 30 min
stirring time; "Different notations, using the One-Way ANOVA
test with a level of confidence a = 5%, indicate significant
differences between conditions
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Table 3. Effect of stirring time on the encapsulation
efficiency of R. tuberosa L.

Stirring time (min)* Encapsulation efficiency (%)**

15 50.92 + 0.15¢
30 51.63 + 0.09¢
45 49.79 + 0.09°
60 42.17 £0.2°

"Microcapsules were prepared at optimum pH 6 using the
optimum concentration of sodium alginate of 1% (w/v);
“Different notations, using the One-Way ANOVA test with a
level of confidence a=5%, indicate significant differences
between conditions

microcapsules set in pH 6, 1% (w/v) sodium alginate, and
30 min stirring time, with 51.63% encapsulation efficiency.

The microcapsules prepared at pH 6 showed the
highest encapsulation efficiency. Sodium alginate can
dissolve in acidic pH due to the pKa values of mannuronic
and guluronic acid residues around 3.38-3.65 [25].
Moreover, in acidic solutions, the repulsion force among
groups in sodium alginate decreased, so the gel strength
tended to increase [26]. At weaker acidic pH (~6), sodium
alginate dissociates easier and breaks the bond between
the sodium (Na*) ion and carboxylate ion (COO") of
mannuronic or guluronic acid. As a result, the divalent
ion Ca®* of cross-linker CaCl, displaces Na" ions and
forms ionic bonds with carboxylate ions. Thus, the
increasing ionic bonds might strengthen the matrix,
escalate the amount of encapsulated bioactive ingredients,
and result in the greatest encapsulation efficiency [26-27].
The results agreed with previous research [28], which
stated that a higher pH solution would produce less
protonated forms. The protonation of the carboxylate
anions can interrupt the coordination with calcium
cations and reduce the existing sites for cross-linking.

In this research, the optimum condition of
microcapsules was acquired at a sodium alginate
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concentration of 1% (w/v). The higher sodium alginate
concentration produced a lower encapsulation
efficiency, as shown in Table 2. Similar results were
informed by Wibowo et al. [29], in which encapsulation
efficiency decreased with the enhancement of sodium
alginate concentration. A lower concentration of
sodium alginate generated a larger pore size of the beads.
In contrast, the pore size of the beads decreased with the
increase in sodium alginate concentration. Therefore,
enhancing sodium alginate concentration might inhibit
the entrance of bioactive compounds into the beads and
lead to lower encapsulation efficiency.

The stirring time was also a parameter investigated
in this study. The short stirring time resulted in particle
aggregates and less discreet microcapsules, whereas the
longer time resulted in particles with fragile and
breakable properties [30-31]. Table 3 shows that the
stirring time of 30 min gave the maximum encapsulation
efficiency. This results were similar to earlier research
[30], which explained that smaller microcapsules
formed at a stirring time of 30 min with the increased
size distribution. As a result, the larger particle surface
area was developed and facilitated the adsorption of
extracts into the polymer matrix.

The antidiabetic activity of a sample can be
determined by an alpha-amylase inhibition assay. The
samples used in this assay were the ethanolic extract of
R. tuberosa L., microcapsules prepared under the
optimum conditions, and acarbose. Based on Table 4, all
samples displayed a high alpha-amylase enzyme
inhibition, as seen from the low ICs values. The
microcapsules had a  higher ICs,  value
(46.66 £ 0.13 ug/mL) than R. tuberosa L. ethanolic
extract (33.77 £ 0.87 pg/mL). A higher ICs value
corresponds to weaker inhibition activity against the

Table 4. The ICs, value of R. tuberosa L. ethanolic extracts, microcapsules, and acarbose on alpha-amylase inhibition

assay

Sample

ICs values (ug/mL)’

R. tuberosa L. ethanolic extract

Microcapsules prepared at the optimum conditions

Acarbose

33.77 £ 0.87°
46.66 £ 0.13¢
24.31 £+ 0.40°

"Different notations, using the One-Way ANOVA test with a level of confidence a = 5%, indicate

significant differences between conditions
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alpha-amylase enzyme. In the microcapsule sample, the
bioactive compounds cannot be entirely released. Some
compounds were still restrained in a polymer matrix,
resulting in a lower ability to inhibit enzyme activity [32].
The fundamental goal of microencapsulation is not to
increase the antidiabetic activity of the sample but to
enhance the protection and avoid the degradation of
bioactive ingredients. Besides, the encapsulating samples
can manage the release of bioactive compounds [33].
Hence, the microcapsule of R. tuberosa L. extracts had the
potential role of an antidiabetic source due to the presence
of flavonoid compounds [11]. Flavonoids can form a
covalent bond with the alpha-amylase enzyme and change
their activity due to the capability to establish quinones or
lactones that react with nucleophilic groups on the
enzyme [34].

Acarbose, as a positive control, had the lowest ICs
value of 24.31 + 0.40 ug/mL, which denoted the most
vigorous inhibitory activity against the alpha-amylase.
Acarbose is a synthetic drug for DM type 2 treatment.
This drug has a similar structure to oligosaccharides and
acts as a competitive inhibitor of the alpha-amylase [35].
[34],
inhibition against alpha-amylase by suspending the

According to acarbose produced maximum

digestion of carbohydrates and delaying glucose
absorption. Moreover, although the ethanolic extract of R.
tuberosa L. contains various bioactive compounds [3-5],
not all of these compounds could inhibit alpha-amylase
[36].

Among all the in vitro assays for microparticles, the
release study is one of the essential parameters. Through
this assay, the assessment of the safety, efficiency, and
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quality of the microcapsules can be found [37]. In this
study, the microcapsules were dissolved in two
mediums, SGF at pH 1.2 and SIF at pH7.4. The
dissolution was carried out continuously in different
time variations [38].

The whole drug release process was affected by
both the physical and mechanical properties of the gel
shielding around the microcapsules [39]. Based on the
release profile in Fig. 1, the release of microcapsules at
pH 1.2 was lower than that at pH 7.4. At pH 1.2, the
curve gradually increased at a 30-90 min of release time
with a release value of around 1.1 to 3.2%, but then it
reached a plateau of about 3.2 to 3.5% in the remaining
time. The sodium alginate comprises mannuronic and
guluronic acid with pKa values of 3.38 and 3.65,
respectively. An intermolecular hydrogen bonding
system could stabilize alginate beads in the medium with
a pH below these pKa values. As a consequence, the
swelling ratio of the alginate particles reduces in the
gastric environment, so the encapsulated drug will be
difficult to reach out from the network [25,40].

The low-release profile of microcapsules in pH 1.2
is also proven by the SEM image in Fig. 2(c). The image
of released microcapsules in an acidic medium produced
ruptured and folded spherical shapes. The shapes
indicating that the coating matrix experienced erosion,
and the microcapsules were partially bursting, resulting
in a low percentage of drug release [41].

In contrast, at pH 7.4, the release value significantly
increased and reached the maximum value of 55.8% at
120 min. This was due to the increase of negatively
charged of carboxylate ions because of a higher level of

70 1 (b)
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Fig 1. The released profile of microcapsules of R. tuberosa L. extract prepared in pH 6, 1% (w/v) sodium alginate, and

30 min stirring time at: (a) pH 1.2; (b) 7.4
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Fig 2. The SEM images of (a) R. tuberosa L. ethanolic extract, (b) microcapsules of R. tuberosa L. prepared in pH 6, 1%

(m/v) sodium alginate concentration, and 30 min stirring time; (c) microcapsules released in pH 1.2; (d) microcapsules
released in pH 7.4. The magnifications were 7,000x for (a) and (b), and 9,000x for (c) and (d)

ionization. These carboxylate ions might repel each other
and cause the disaggregating of the alginate-CaCl, matrix
structure, then lead to swollen microcapsules [42]. This
result was also supported by the SEM image in Fig. 2(d)
showing a flatter morphological surface than the previous
one. The more released compounds might increase the
intensity of matrix erosion, and the microcapsules might
break more easily. The similar results have also been
informed that bioactive ingredients were released more
easily in the alkaline condition than in acidic pH [25].
Characterization with SEM was carried out to
confirm the surface morphology of the samples.
According to Fig. 2(a-b), there were difference between
SEM images of extracts and microcapsules. The
microcapsules showed an irregular shape with a few
spherical, followed by the uniform distribution of
wrinkled surfaces. This result was in agreement with a
previous study that reported freeze-dried samples did not
have a specific shape [43]. The irregularities of the surface
and the existence of wrinkles might be allied with the low
drying temperatures. The forming ice crystals during the
freeze-drying step also established the cavities [43-44].

The FTIR analysis identified functional groups in
R. tuberosa L. extracts and microcapsules. Fig. 3 shows
the FTIR spectra, while the assignments of the
absorption functional groups are listed in Table 5. Based
on Fig. 3(a), the extract of R. tuberosa L. denoted the
stretching vibrations of the hydroxyl (O-H) group at
3354 cm™. Then, the characteristic peaks of methine C-
H stretching were observed at 2926 and 2855 cm™.
Moreover, the absorption at 1608 cm™' was interpreted
as ketone C=O stretching, whereas peaks at 1450 and
1168 cm™" showed the stretching vibrations of aromatic
C=C and vinyl ether C-O-C, respectively [45]. These
absorptions suggested that R. tuberosa L. contained
flavonoid compounds [46-47].

The FTIR spectra of microcapsules of R. tuberosa L.
(Fig. 3(b)) showed broader and higher intensity band at
3448 cm'coming the stretching vibrations of the O-H
group. This peak corresponded to the sum of the peaks
from coating materials, namely sodium alginate and CaCl,
[48]. Then, the same absorption from the vibration of C-
H methine, C=0 ketone, C=C aromatic, and C-O-C vinyl
ether groups also resulted in peaks 2-6 [45]. In addition,
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Fig 3. FTIR spectra of (a) R. tuberosa L. extract; (b) microcapsules of R. tuberosa L. extracts prepared in pH 6, 1% (w/v)

sodium alginate, and 30 min stirring time

Table 5. Assignment of FTIR spectra

Peak Wavelength (cm™) Functional groups
number R. tuberosa L. extracts Microcapsules of R. tuberosa L. extracts
[43-45] [43-46]
1 3354 3448 O-H alcohol
2 2926 2925 C-H methine
3 2855 2853 C-H methine
4 1608 1609 C=0 ketone
5 1450 1429 C=C aromatic
6 1168 1252 C-O-C vinyl ether
7 1036 C-0O-C aliphatic ether
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Fig 4. Particle size distribution from microcapsules of R. tuberosa L. extracts set in pH 6, 1% (w/v) sodium alginate,
and 30 min stirring time. The mean diameter was 197.53 pm
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the new absorption (peak 7) at 1036 cm'represented the
presence of C-O-C aliphatic ether coming from sodium
alginate [48].

In this work, the size of the microcapsules was also
evaluated. The properties of powder samples majorly
depend on the sizes of the particles. The PSA is the
standard instrument in the sizing test. This instrument
was objected to determine particle size and hydrodynamic
diameter of the microcapsules [49]. The microcapsules
formed in this study had a mean diameter of 197.53 m,
which was in the range of microparticle size, as shown in
Fig. 4. This outcome satisfied the criteria for extrusion
and freeze-drying-produced particles with a size range of
15-3500 m. Extrusion is a technique that relies on the
interaction of a multivalent ion with a polysaccharide gel
[50-51].

m CONCLUSION

This study has carried out the microencapsulation
of R. tuberosa L. extracts using the freeze-drying method
with sodium alginate and CaCl, as shielding materials.
The optimum conditions of microcapsules were pH 6,
sodium alginate concentration of 1% (w/v), and 30 min of
stirring time. The alpha-amylase was inhibited by the
microcapsules with an ICs, value of 46.66 + 0.13 pg/mL.
The in vitro release assay presented that the microcapsule
of R. tuberosa L. extract was released more readily at pH
7.4 than at pH 1.2. The morphological surface analysis by
SEM indicated an irregular shape with a few spherical
followed by the uniform distribution of wrinkling; hence
the PSA result stated that the microcapsules had micro-
sized particles with a mean diameter of 197.53 um.
Moreover, the FTIR analysis demonstrated that the cross-
linking between sodium alginate and CaCl, has been
obtained. Microencapsulation of plant extracts can be one
of the strategies for natural product enhancement with
preserved biological functions.
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Abstract: In this work, a refluxing method is used to prepare nanoparticles of zinc oxide
(ZnO NPS) and zinc oxide /silver chloride nanocomposites (ZnO/AgCl NCS). The
structural properties of nanocrystals are studied by Atomic Force Microscope (AFM), X-

Ray Diffraction (XRD), and Field Emission Scanning Electron Microscopy (FE-SEM) to

Received: August 5, 2022
Accepted: December 12, 2022

DOI: 10.22146/ijc.76872

determine the average crystal size, morphology, particle size and average grain size of
nanocrystals. The results of anticancer efficiency of ZnO NPs and ZnO/AgCl NCs show
cytotoxic activity against five human cancer cells, namely hepatocellular carcinoma,

rhabdomyosarcoma (RD), colorectal carcinoma (HCT116), mammary gland (MCF-7),
and epidermoid carcinoma (Hep2) compared against doxorubicin. The anticancer

mechanism of pure and nanocomposites ZnO are suggested according to the release of
Zn*? and the production of reactive oxidation species (ROS) and the effect of these species

on cancer inhibition.

Keywords: ZnO nanoparticles; the anticancer activity of nanoparticles; ZnO/AgCl

nanocomposites

= INTRODUCTION

Doxorubicin is one of the most important
anticancer (cytotoxic or antineoplastic) drugs used in
high doses, but these drugs have had severe side effects.
So, another drug with the same high activity and safety
should be used. Nano-medicine techniques have paved
the way for new targeted cancer therapies by allowing
therapeutic compounds to be encapsulated in
nanomaterials and selectively delivered to cancers by
active uptake mechanisms and passive permeation.
Resistance, to treatment, is one of the most important
obstacles to conventional treatment [1]. Nanomedicine is
the most important application of nanotechnology in
medical problems because nanostructures of different
shapes exhibit new and greatly enhanced physical,
biological and chemical properties as well as distinct
phenomena and functions [2-3]. Nano-systems were used
to treat cancer by different nanotechnologies as shown in

Fig. 1.

Cancer
treatments by
nano system

Nanosphere

Metallic nanoparticles
Fig 1. The schematic diagram represents various
nanotechnologies that use nano-systems to treat cancer
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(ZnO NPs) have
remarkable properties due to their ability the treatment of
different kinds of their
biodegradability, and unique
physical and chemical features [5-6]. ZnO NPs have been

research,

Zinc oxide nanoparticles

cancers because of
biocompatibility [4],
exploited in preclinical and biomedical
including drug delivery and cellular imaging [7-8]. ZnO
absorbs UV rays at wavelengths ranging between 350-
380 nm to produce reactive oxidation species (ROS) [9-
10] so this semiconductor was modified by loading noble
metals such as Ag on the surface of ZnO nanostructures
to improve the image stability, it promotes efficiency in
separating electron and hole pairs for photo-generation
and expands light absorption of the visible region [11].
ROS plays an important role mechanism of ZnO NPs
cytotoxicity through oxidative stress [12].

The aim of this study is to use pure and loaded ZnO
NPs as anticancer materials as a new biomedical drug [4]
instead of doxorubicin to decrease the dangerous side
effect of this drug on the human body.

m EXPERIMENTAL SECTION
Materials

The materials used in this study were zinc acetate
dihydrate (Zn(CHs;COO),-2H,0)) (99% purity, Sigma
Aldrich (USA), silver nitrate (AgNOs), zinc nitrate
tetrahydrate (Zn(NO:s),-4H,0) (98% purity
HANNOVER), and sodium chloride are produced from
HANNOVER. While high-quality absolute ethanol and
sodium hydroxide (99% purity Merck) is obtained from
Germany.

Instrumentation

The instrumentations used in this study were X-Ray
Diffraction Spectroscopy (D5000 XRD6000, Shimadzu,
Japan), Filed Emission Scanning Electron Microscopy
(INSPECT S50 FEL (USA)), and Atomic Force
Microscopy (Sartorius Arium 611).

Procedure

ZnO NPs preparation

One pot refluxing method was used in the
preparation of ZnO NPs. A 22 g of zinc acetate was
dissolved in 600 mL of absolute ethanol. The solution was

Indones. . Chem., 2023, 23 (2), 333 - 340

heated it to 60 °C for 30 min. The second solution was
prepared by dissolving 25.2 g of oxalic acid in 400 mL of
absolute ethanol then heated to 50 °C and then mixed
with the above solution under constant stirring for 4 h.
After that, the thick solution was dried at 80°C
overnight to produce a white powder of ZnO NPs [13].

Modification of ZnO NPs

Oleic acid was used as a coupling agent to modify
the surface of nanoparticles to make the surface of ZnO
NPs more hydrophobic dispersed in the organic area.
This modification consists of dissolving 9 mL of oleic
acid in 300 mL o-xylene to produce a solution of oleic
acid. Then, recently 6 g of synthesized nanoparticles
were added to the oleic acid solution. Then the reaction
was allowed under stirring at 50 °C for 1h. Then,
nanoparticles were centrifuged for 15 min at 15000 rpm
and washed with toluene, to remove un-reacted
coupling agents. Finally, ZnO NPs were dried for one
night at room temperature [14].

Zn0/AgCl nanocomposites preparation

ZnO/AgCl NCs were prepared by dissolving
2.110 g of AgNO; and 5220 g of Zn(NOs),-4H,O in
50 mL of deionized water under constant stirring at
room temperature. After that, an aqueous solution of
NaOH (5 M) was added dropwise until the pH of the
solution reached 10. After that, 1.450 g of NaCl was
dissolved in 20 mL of deionized water. An aqueous
solution of NaCl was added to the above solution. The
suspension was refluxed for 3 h at about 90 °C. The
solution was centrifuged to separate the grey precipitate.
This precipitate was washed twice with deionized water
and absolute ethanol. After that, the grey precipitate was
dried at 600 °C overnight. Then ceramic slurry was used
The final
nanocomposites were produced by calcination of the
grey powder at 2000 °C for 1 h [15] (see Fig. 2). The
reactions to obtain ZnO/AgCl NCs are written as

for crushing nanocomposites powder.

follows:

Zn(NO;), -4H,0+ AgNO; +3NaOH o
— Zn(OH), + AgOH +3NaNOj; +4H,0

AgOH +NaCl — AgCl + NaOH (2)

Zn(OH), + AgCl—"1"8 , A¢Cl/ 70O +H,0 (3)
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Fig 2. The schematic diagram for the steps for synthesizing AgCl/ZnO nanocomposites
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Fig 3. XRD patterns for ZnO NPs and AgCl/ZnO nanocomposites

Antioxidant assays by ABTS

ABTS method was used to determine antioxidant
efficiency. This method consisted of adding 2 mL of ABTS
solution (60 uM) to 3 mL MnO, suspension (25 mg/mL),
in a phosphate buffer solution of (pH 7, 0.1 M). The
mixture solution was shaken and filtered. Then the
absorbance of the ABTS radical solution was measured at
734 nm. After that, spectroscopic grade MeOH:phosphate
buffer (1:1) was added to 50 pL of 2 um solutions of the
AgCl/ZnO NCs. The absorbance was adjusted, and the
inhibition percentage was determined by the reduction in
color intensity [16]. A blank sample consists of
MeOH/phosphate  buffer (1:1)
nanocomposites. ABTS inhibition of each sample was

instead of tested

estimated by the following equation.

Abs — Abs

control

100 4
Abs 8 @

ABTS (% inhibition) =

control

m RESULTS AND DISCUSSION
XRD Analysis

Fig. 3(a) appears diffraction peaks of nacked ZnO
at 20 values 31.83°, 34.48°, 36.30°, 47.80°, 56.66°, 63.38°,
and 68.48° which indicated hexagonal wurtzite structure
of ZnO crystalline [17] (JCPDS 36-1451). Fig. 3(b)
illustrated additional peaks at 20 of 27.6°, 46.32°, 54.95°,
57.55°,66.92°,74.51°, and 76.71° indicating the presence
of Ag,Cl NPs on the surface of ZnO nanoparticles [18].
Average size crystal (L) in nm were estimated by
Scherrer's formula [19]
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kA

- BcosH ®)
where k is the Scherrer’s constant (0.94), A is the
wavelength of the X-ray radiation (0.15406 nm for Cuka),
B is the full width of half-maximum (FWHM) intensity
expressed in radians, and 6 is a diffraction (Bragg) angle.
The average crystallite sizes were estimated to be about
30.164 and 33.077 nm for pure ZnO NPs and ZnO/AgCl
NCs, respectively.

FE-SEM

FE-SEM was applied to observe the morphological
properties and particle size of the prepared nanoparticles
[20]. Fig. 4 shows FE-SEM images of the ZnO NPs and
ZnO/AgCl NCs. The results of FE-SEM analysis show
ZnO NPs have an individual sheets structure with particle
size ranging between 18-41 nm. As shown in Fig. 4(a),
SEM images of ZnO/AgCl NCs show a nanorod structure
and the nanorods’ diameter was ranged from 15-52 nm
as appeared in Fig. 4(b).

AFM

Fig. 5 and 6 illustrate the average diameters for both
prepared samples are bigger than the values present for
the size of the crystals indicating that each particle
consists of several crystals (multi crystals) [21].

Fig 4. SEM images of (a) ZnO NPs and (b) ZnO-AgCl NCs nanocomposites
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Anticancer Activity

Cytotoxic efficiency of ZnO-NPs and ZnO/AgCl
NCs was evaluated and compared against doxorubicin.
The results of the cytotoxicity assessment of ZnO NPs
and ZnO/AgCl NCs, against five human cancer cells
Mammary gland (MCEF-7), Hepatocellular carcinoma

(HepG2), Colorectal carcinoma (HCT116),
s A 36.103
é 8 vg. diameter = 1 nm
e
& 41
o
& 2 -
o
0 4
o [~ LS S W W P £ R (4] th [=2]
o &~ @ N o S [= R S o O -

Diameter (nm)
Fig 5. AFM cross-section analysis of ZnO NRs
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Fig 6. AFM cross-section analysis of ZnO/AgCl NCs
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Epidermoid Carcinoma (Hep2), and Rhabdomyosarcoma
(RD) are summarized in Table 1.

The results indicate that the in vitro cytotoxicity of
ICs (pg) to all kinds of human cancer cells was moderate
for pure ZnO NPs, while in the presence of ZnO/AgCl
NCs the in vitro cytotoxicity of I1Cs (pg) to HCT116,
Hep2, MCF-7, and HepG2 were strong, and RD was
moderate. Fig. 7-9 explain the relative viability of cancer
cells percentage (%) with various concentrations of
doxorubicin, pure ZnO NPs, and ZnO/AgCl NCs. The
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results indicate that these percentages decreased with
increasing of nanoparticles as a result of increasing
interaction between prepared nanoparticles and cancer
cells [22].

The mechanism of cytotoxicity from ZnO NPs and
ZnO/AgCl NCs was based on the reactive oxidation
species ROS (O,", OH’, H;0,) generation through
oxidative stress [23]. It is believed that intracellular
connect the chain of

oxidation species can

mitochondrial electron transport, and it is suggested that

Table 1. In vitro ICs, of ZnO NPs and ZnO/AgCl NCs against human tumor cells HepG2, HCT116, MCF-7, RD, and

Hep2 compared to doxorubicin

In vitro cytotoxicity ICso (ug)

Compounds HepG2 HCT116 MCE-7 RD Hep2

DOX 450 %02 523+03 417£02 6.10 = 0.4 854+ 0.6
Zno 3323 +32 37.09+38  2050+27  47.08+41  20.53+23
ZnO/AgCl# 10.92 + 1.3 1L15£12  1925+19  2493+25  17.38+14

ICso (ug): 1-10 (very strong), 11-20 (strong), 21-50 (moderate), 51-100 (weak) and above 100 (non-cytotoxic)
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Fig 7. Relative viability of cells cancer (%) against the doxorubicin concentration (uM)

120 - —4— RD
Hep2
» 100
= - MCF-7
Q
5 80 HCT116
E HepG2
8 60 9
o
s
2 40 4
s
€ 20 4
0 * r o > r \
0 20 40 60 80 100 120

Concentration of ZnO NPs (uM)
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Fig 10. Schematic diagram of the possible mechanism for anticancer activity of ZnO NPs

the anticancer agents can attack cancer cells and damage
the chain of electron transport due to the release of ROS
intracellular [24]. Mitochondrial was damaged due to
elevated levels of ROS then the balance of protein

activities was lost, ultimately leading to apoptosis [25].
Dissolution of ZnO NPs
intracellular levels of dissolved Zn** and enhancing ROS

causes increasing in

production. These ROS disrupted the mitochondrial
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membrane and caused the death of cancer cells via an
apoptotic signaling pathway [26].

The results of Table 1 show increasing in anticancer
activity by using ZnO/AgCl NCs as compared to pure
ZnO NPs. This remark can be interpreted as the coupling
of ZnO NPs with AgCl can reduce the band gap energy of
ZnO (3.2 eV) and extend the excitation process from UV
to the visible region [27]. Reducing the energy of band gap
nanoparticles causes enhances the ability of these
nanoparticles to generate oxidation species which leads to
harm to the components of cancer cells [28]. A possible
mechanism of ZnO NPs anticancer activity was illustrated
in Fig. 10.

m CONCLUSION

Pure ZnO NPs and ZnO/AgCl NCs were prepared.
The structural properties of nanoparticles were
investigated through XRD, FE-SEM, and AFM. Five
human cancer cells (HCT116, HepG2, Hep-2, RD, and
MCEF-7) were used to examine anticancer activity for
prepared samples. The previous studies were increasing
anticancer potential by using ZnO/AgCl NCs as
compared to pure ZnO NRs due to decreasing band gap
energy of nanocomposites which lead to elevated levels of
ROS and oxidative stress. Elevated ROS causes harm to
the mitochondrial membrane and the destruction of
cellular components such as DNA, lipids, proteins, and
damage cells. The results show the anticancer activity of
ZnO/AgClI NCs was increased as compared to naked ZnO
NRs of cytotoxicity. The main mechanism of ZnO NPs
and ZnO/AgCl NCs cytotoxicity results from ROS
generation and release of Zn** and Ag'* ions. Another
mechanism suggested the formation of electrostatic forces
on the surface of nanoparticles and the layered membrane
of the cancer cell.
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Fig S7. Antibacterial activity of 100 ug/mL concentration of (a) Co(III) and (b) Cr(III) complexes by sonochemical on
E. coli
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Fig S10. Antibacterial activity of 100 pg/mL concentration of (a) Co(III) and (b) Cr(III) complexes by sonochemical
on S. epidermis
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Abstract: This paper describes the synthesis of two complexes from the ligand a-(2-
Salsayl)-N-phenyl nitrone with CoCl, and CrCl,. The ligand was characterized by several
spectroscopic techniques (ultraviolet/visible (UV/Vis), nuclear magnetic resonance (‘H-
NMR and “C-NMR), Fourier-transform infrared spectroscopy (FTIR), and mass
spectrometry (MS). While infrared, ultraviolet-visible (UV-Vis), thermal analysis, and
job method studies were used to reveal the structure of the complexes. The synthesized
complexes were then synthesized by the sonochemical method, and the copper and
chromium oxide nanoparticles were produced using the thermal decomposition method.
Scanning electron microscopy (SEM), Energy dispersive X-ray spectroscopy (EDX), and
X-ray diffraction (XRD) characterization confirmed the formation of Co;O, and Cr,0;
nanoparticles. Antimicrobial studies of the complexes against some microorganisms, such
as Staphylococcus epidermis and Escherichia coli, utilizing the disk diffusion method,
revealed the antibacterial activity of the complexes.

Keywords: nitrones; complex; nanoparticles; biological activity

= INTRODUCTION

oxide nanoparticles via numerous approaches [13]. This

Nitrone is an amine that contains N-oxide. Nitrone
derivatives preserve biological activity and are useful in
pharmaceutical applications in which they are used as
anti-microbial [1], electron spin spin-trapping [2-3],
antioxidant [4-5], blood-brain barrier opening [6], and
anti-cancer agents [7]. The nitrone group forms the
electron density on the oxygen atom that assists the
process of coordination bonding with metals to form a
stable coordination complex [8]. Major factors affecting
the coordination are the metal ion and its charge, radius,
and position in the periodic table, the ligands, and the
mole ratio of metal-ligand; these factors affect the stability
of the complex [9-10]. Many studies have reported the
formation of coordination complexes that include nitrone
compounds as ligands. These ligands react with metals
from transition elements, such as Zn(II), Cu(Il), Ni(Il),
Cd(II), Co(I), and Cr(III) to form complexes that reveal
high biological activity against inflammation and fungi
[8,11-12]. Recently, several papers have reported exploiting
compounds as capping agents for the synthesis of metal

research presents ways to control sizes and shapes using
different methods, such as microwave and hydrothermal
synthesis [14], thermal decomposition methods [15],
and chemical precipitation [16]. The thermal
decomposition of transition metal complexes is fast,
practicable, economical, and solvent- and surfactant-
free, resulting in precise particle size, purity, and precise
process conditions [17]. This work describes the reflex
and sonochemical synthesis of two new complexes of
Cr(III) and Co(III) in coordination with a-(2-Salsayl)-
N-phenyl nitrone as the ligand after which the prepared
metal oxide nanoparticles were prepared using the
thermal decomposition method, physical properties
were studied. Furthermore, the study of the ligand and
the complexes' biological activity against Staphylococcus

epidermis and Escherichia coli were examined (Fig. 1).
m EXPERIMENTAL SECTION
Materials

Reagents and solvents were obtained from Fluka or
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Aldrich and were used as supplied. They included N-
phenylhydroxylamine (95%), salicylaldehyde (98%),
Cobalt chloride (CoCl,-6H,0) (97%), Chromium chloride
(CrCl-6H,0) (98%), ethanol (95%), chloroform (99%),
and n-hexane (95%).

Instrumentation

Ultraviolet/visible ~ (UV/Vis)
characterized using PD-303 UV-Vis Spectrophotometer,

spectra were
and infrared (IR) spectra were recorded on a Fourier
transform infrared spectrometer (FTIR-8400S, Shimadzu)
at wavelengths ranging from 600 to 3800 cm™. Thermo
Scientific™ FD1530M Mulffle for furnace, Thermal analyses
were performed using TG 209 F1 Libra. Nuclear magnetic
resonance (‘H and "C-NMR) spectra were analyzed on a
BRUCKER-400 MHz  DMSO-ds
tetramethylsilane (TMS) as a reference. X-ray diffraction

solution  using
(XRD) characterization was achieved using a Philips PW
1730/10 X-Ray Diffractometer. Scanning electron
microscopy (SEM) was done with a Nova NanoSEM 230.

Procedure

Synthesis of a-(2-salsayl)-N-phenyl nitrone (L) [18]

A hot solution of 0.098g (0.09 mmol) N-
phenylhydroxylamine in 5 mL ethanol was added to a hot
solution of 0.099 g (0.09 mmol) salicylaldehyde with
continuous stirring, after which the solution was refluxed
for 1 h until the disappearance of reactants as verified by
thin layer chromatography. The yellow crystals were

recrystallized using a mixture of 3:7 ratio chloroform to
n-hexane, and the yield was 88% with a melting point
(m.p.) of 116 °C.

Synthesis of  dichlorobis(2-hydroxyphenyl)-N-
phenylmethanimine oxide)cobalt(lll) (1)

A solution containing 0.0426 g (2.00 mmol) of L in
20 mL methanol was added to 0.230 g (1.00 mmol)
CoCl-6H,O in methanol (20 mL), after which the
mixture was refluxed with a stirrer until the
disappearance of reactants as verified by thin layer
chromatography for 3 h. After cooling, a yellowish-
green precipitate was washed with cyclohexane three

times. The yield was 93%, and the m.p. was 265 °C.

Synthesis of  dichlorobis(2-hydroxyphenyl)-N-
phenylmethanimine oxide)chromium(lill) (2)

A solution containing 0.0426 g (2.00 mmol) of L in
20 mL methanol was added into 0.0237 g (1.00 mmol)
CrCl-6H,O in methanol (20 mL), after which the
mixture was refluxed with a stirrer until the
disappearance of reactants as verified by thin-layer
chromatography for 3h. After cooling, the dark
washed  with
cyclohexane three times. The yield was 80%, and the

m.p. of 250 °C.

yellowish-green  precipitate  was

Synthesis of complexes (1) and (2) via the
sonochemical method

Solutions (1 L each) containing 0.170 g (0.01 mmol)
in methanol (10 mL) were added to CoClL-6H,O 0.090 g

Dhamiaa Abdul-Shaheed Issa et al.
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(0.04 mmol) or CrCL-6H,O 0.106¢g (0.04 mmol). A
methanol solution was added dropwise for 1 h in a 480 W
(60 kHz) sonicator. The precipitate was filtered and
washed with ethanol, followed by diethyl ether, dried, and
saved under a vacuum desiccator.

Synthesis of metal oxide nanoparticles
Cr,0;5 and Co;O, nanoparticles were prepared via
the thermal method [17]. The

sonochemical method was applied to synthesize The

decomposition

complexes and was grounded to acquire a homogeneous
powder, and afterward, the Cr(III) complex was heated at
530 °C, and the Co(III) complex was heated at 750 °C for
2h in a muffle furnace. The resulting compound was
washed with methanol 5 mL three times to remove any
contamination.

m  RESULTS AND DISCUSSION

The '"H-NMR spectra of L exhibited a singlet signal
at 12.5 ppm that could be attributed to the hydroxide
group proton (OH). A single signal for all spectra
appeared at 8.95 ppm related to the proton of the nitrone
group (-HC=NO). Moreover, the L exhibited multiple
signals ranging from 7.9 to 6.9 ppm, ascribed to the
phenyl ring’s protons. Depending on integration and
position, they could be explained as; 6.9 ppm related to
the H? and H’ due to the electron donating group (-OH),
7.5 ppm to the H® 7.58 ppm to the H*, H' and H'",
7.6 ppm to the H'', and 7.9 ppm attributed to the H® and
H", (Fig. S1(a)).

The "“C-NMR spectral data were recorded to
provide additional confirmation for the ligand and
exhibited a band at 146.40 ppm that was attributed to the
C-OH group; in addition, a band at 159.33 ppm related to
the carbon resonance of the C=NO group and another
band at 117 to 137 ppm, which was attributed to the

aromatic carbon resonance (Ar-C). Moreover, the

spectrum shows an exceptional band for the carbon
resonance of the C-NO group at 140.50 ppm (Fig. S1(b)).

The electronic spectrum of a methanol solution of
L exhibits three bands at 335 nm (visible region) that
could be ascribed to the m>m* transitions of the nitrone
group, and at 302 nm and 351 nm, the bands were
ascribed to the m>m* electronic transitions of the
aromatic system. The electronic spectrum of a methanol
solution of complex 1 displayed a hypsochromic shift at
349 nm and an electronic band at 532 nm that could be
attributed to a d-d transition. Comparable results appear
for complex 2, hypsochromic shift at 325 nm for both
complexes with a decrease in intensity. Moreover,
complexes 2 and 3 exhibited d-d electronic transitions at
696 and 541 nm, respectively, verifying the coordination
of the complex (Fig. S2).

IR spectra (400-4000 cm™) of L and complexes 1
and 2 were recorded, and a character assessment of the
infrared spectra bands of the synthesized parent ligand
with that of complexes is presented. The ligand exhibited
significant spectra in the regions 1570, 1600, and
1174 cm™ that could be ascribed to the v(C=C), v(C=N),
and v(N->O), respectively [19]. Moreover, a strong band
at 3450 cm™" was assigned to v(O-H).

The (N->O) and v(C=N) bands of the complexes
were found to be shifted to higher values compared with
that of the
involvement of the oxygen of the nitrone group in the

parent ligand, recommending the
complex [8]. Table 1 summarizes the most important
spectra of the L and its complexity (Fig. S3).
Thermogravimetric analysis (TGA) curves and the
differential

(DTG) curves for the synthesized complex in an

consistent thermogravimetric analysis
atmosphere of nitrogen are presented in Fig. S4. A small
weight loss occurred at 56.9 °C and 98.1 °C for Cr(III)

and Co(III) complexes, respectively. These peaks could

Table 1. Infrared (IR) spectra for the ligand and the complexes

Compound Ar(C-H) AI(C-H) C=N C=C N-O O-H
L 3082 2950 1600 1570 1174 3450
L-Co 3234 2858 1620 1601 1240 3394
L-Cr 3064 2956 1606 1571 1176 3405

Dhamiaa Abdul-Shaheed Issa et al.



344

be attributed to the dehydration of water adsorbed by the
complexes, whereas no indication of peaks in DTG at a
105-145°C, which are
coordinated water molecules, could be found; thus, the

range around related to
complexes are not coordinated with water [20]. The
complexes then undergo the decomposition of related
ligands in two or three stages. Furthermore, the
complexes show high stability reaching up to =800 °C,
and the total weight loss and the residue for the Co(III)
were 97.72%/3.94 mg and

97.5%/3.50 mg, respectively. The residue can be explained

and Cr(IlI) complexes

by considering that the weight was either metal or metal
oxide, which is an indication of complex formation.

To determine the mole ratio of the ligand to the
metal, the method of continuous variation method was
selected. A series of solutions were prepared in which the
total mole fraction amount of the metal ions and the
ligand were equal for all solutions. The absorbance of the
solutions was then measured against methanol as a blank.
When the difference between the observed absorbance
was plotted against the mole fraction of solutions, a
complex containing two moles of L to one mole of metal
for Co(III) and Cr(IIT) was detected.

The synthesized Co;0; and Cr,O; nanoparticles'
crystal phases and crystallinity were studied. The XRD
patterns displayed the reflection planes as exhibited in
Fig. 2 and Table 3, a highly ordered cubic Co;O, NPs was
formed after calcination at 750 °C. This result proves the

Indones. J. Chem., 2023, 23 (2), 341 - 348

purity of phase formation and the crystal structure of the
nano-metal oxide products. The annealed sample shows
well-resolved Bragg peaks of the XRD pattern, which are
in good correspondence with the cubic structure of the
Cos0s NPs. (Eq. (1)) estimated the Debye-Scherrer
approximation of the average crystalline size assessment
of the samples.

- M

BcosB

for which D represents the crystalline size, 6 represents

the Bragg diffraction angle, K is the Scherrer constant, A
is the wavelength (0.15406 nm), and [ represents the
width ofthe XRD peak at half maximum height. The
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Fig 2. X-ray diffraction (XRD) patterns of the cubic
Co30, nanoparticles

Table 2. The absorbance of the metal complex solutions with L using the continuous variation method

Vm/Vt 1/10 2/10 3/10 4/10 5/10
Co(III) complex  Xvm 0.10 0.20 0.30 0.40 0.50

ABS 0.94 0.81 0.73 0.55 0.35
Cr(III) complex ~ Xvm 0.1 0.2 0.3 0.4 0.5

ABS 0.55 0.48 045 033 024

Table 3. X-ray diffraction analysis of Co;O4 nanoparticles shows estimated crystalline size for five intense peaks

Position Height FWHM left  d-spacing Relative Tip width Crystalline
20 (°) (cts) 20 () (A) intensity (%) size (D) value
31.4560 331.60 0.1968 2.84404 42.28 0.2362 41.26
37.0465 784.32 0.2460 2.42670 100.00 0.2952 35.37
44.9908 236.31 0.2952 2.01495 30.13 0.3542 27.70
59.5440 338.98 0.1968 1.55259 43.22 0.2362 41.26
65.5217 548.48 0.1968 1.42467 69.93 0.2362 41.26
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Cos0s NPs' average crystalline size was found to be
36.89 nm.

Fig. 3 shows the X-ray diffraction of prepared Cr,Os.
Table 4 shows the reflection plane patterns, which imply
the existence of the rhombohedral structure. In addition,
no peaks could be detected due to any other material or
phase, thus proving a high degree of purity of the
synthesized sample after calcination at 750 °C. The
broadening of the XRD lines, as seen in Fig. 3, reflects the
nano-particle nature of the sample.

The sharpness of the peaks indicates good crystal
growth of the oxide nanoparticles. The average particle
size (D) of the particles was calculated from the intensity
peaks operating the Debye-Scherrer equation, as depicted
in Table 4. The calculated average crystalline size for
Cr,05 NPs is 30.55 nm.

Fig. 4 illustrates a scanning electron microscopy
(SEM) image of prepared Co(III) and Cr(III) complexes
utilizing the sonochemical method. The graph indicates a
high degree of agglomeration among fine particles, mostly
of nanoscale size, the diameter of the Co(III) complex was

345

mostly between 50 and 80 nm, and the size of the Cr(III)
complex was close to 112-27 nm.

Fig. 5(a) exhibits an SEM image of the Co;O4 NPs.
The Co3;04 NPs crystallinity was determined, and grains
of the CosO; NPs presented a closely consistent
morphology with approximately 80 nm average diameter.
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Fig 3. XRD patterns of the rhombohedral Cr,O;

nanoparticles

Table 4. The XRD analysis of Cr,Os nanoparticles shows the estimated crystalline size for six intense peaks

Position Height FWHM left  d-spacing Relative Tip width  Crystalline
20 (°) (cts) 20 (°) (A) intensity (%) size (D) value
24.5397 501.62 0.1968 3.62767 43.72 0.2362 41.26
33.6627 882.13 0.2952 2.66249 76.89 0.3542 27.70
36.2684 1147.27 0.2460 2.47696 100.00 0.2952 35.37
41.6022 369.99 0.2952 2.17089 32.25 0.3542 23.58
50.3359 379.96 0.3444 1.81280 33.12 0.4133 14.14
63.4590 269.07 0.1968 1.46591 23.45 0.2362 41.26

View fiuid: 1.04 pm  Oalaqmidty): e

View flald: 1.04 prm  Cubeimiddy): 149821

Fig 4. SEM micrograph of (a) Co(III) and (b) Cr(III) complexes prepared via the sonochemical method
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Fig 5. SEM micrograph of (a) Co;O, and (b) Cr,Os nanoparticles
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Table 5. Antibacterial activity of different concentrations against Escherichia coli and Staphylococcus epidermis

Concentration Inhibition zone (mm)
No. Compound - - -
(mg/mL) S. epidermis E. coli
1 Ampicillin 10 29 21
2 Gentamycin 10 19 18
L 50 22 18
3 25 21 12
10 13 0
4 Co(IIT) CR 50 16 25
25 15 20
10 14 19
5 Cr(III) CR 50 25 22
25 22 20
10 21 18
Co(III) NC 50 36 21
25 24 15
10 16 14
Cr(III) NC 50 35 18
25 20 18
10 22 15

CR: complex made by reflux, NC: complex made by sonochemical

In addition, Fig. 5(b) illustrates an SEM image of the
Cr,0s nanoparticles. The grains of Cr,Os; NPs consisted of
an average diameter of approximately 50 nm, indicating a
uniform morphology.

The crystalline size differs from the particle size in
this work since the particle characterized by XRD was a
crystallized size, a crystal particle termed a primary
particle, while the particles analyzed by SEM are typically
particles consisting of more than primary particles.

In vitro, antibacterial activity for the Nitrone base
ligand and complexes against E. coli and S. epidermis
using the diffusion method were studied. This test was
assessed depending on inhibition formed around the
paper disks on the seeded agar plates by calculating the
size basis of the zone appearing. Ampicillin and
gentamycin were used as standards, Fig. S5-S10 shows
the inhibition zone diameter of E. coli and S. epidermis
by the ligand and complexes.
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The results are embedded in Table 5. Evaluating the
biological activity of the complex with the standard, the
biological activity of the metal complexes was imminent
to that of the standard. Besides, Co(III) and Cr(III)
complexes synthesized by the sonochemical method
affected the E. coli and S. epidermis to inhibit to the
greatest degree.

m CONCLUSION

In this paper, cobalt(IIl) and chromium(III)
complexes from a-(2-Salsayl)-N-phenyl Nitrone were
synthesized using the reflux and sonochemical methods
and Cr,0;
nanoparticles with cubic and rhombohedral structures,

and then characterized. Pure Co03;04

respectively, were well prepared via the decomposition of
the complex under a muffle furnace. The thermal
decomposition method is simple, practicable, and
appropriate for producing high-purity products for metal
oxide nanoparticles. The complexes synthesized via the
two methods were selected for antibacterial activity
against E. coli and S. epidermis, which are considered
clinically important bacteria, and the complexes
demonstrated high antibacterial activity against these

types of bacteria.
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