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Malonic acid ester was synthesized via the one-step ozonolysis of palm olein. Malonic acid ester was spectroscopically characterized
using gas chromatography mass spectroscopy (GC-MS). Tungsten oxide nanoparticles were used as the catalyst, which was
characterized via X-ray powder diffraction (XRD) and field emission scanning electron microscopy (FE-SEM). Tungsten oxide
provided several advantages as a catalyst for the esterification malonic acid such as simple operation for a precise ozonation method,

an excellent yield of approximately 10%, short reaction times of 2 h, and reusability due to its recyclability.

1. Introduction

Nanotechnology presents new opportunities to create better
materials and products. Nanomaterials find wide applications
in catalysis, energy production, medicine, environmental
remediation, automotive industry, and other sectors of our
society. Nanomaterial-containing products are already avail-
able globally and include automotive parts, defense appli-
cation, drug delivery devices, coatings, computers, clothing,
cosmetics, sports equipment, and medical devices [1-7].
Tungsten trioxide nanoparticles have received significant
attention for their unique properties. Tungsten exhibits many
oxidation states, that is, 2, 3, 4, 5 and 6, and tungsten com-
pound can exist in many forms. For instance, typical tungsten
oxides include tungsten (VI) oxide (WOs;, lemon yellow
appearance) and tungsten (IV) oxide (WO,, brown and blue
appearance) [8]. Several applications such as electrochromic
[9], photochromic [10], and gas sensing [11-13] have been
developed for such oxides, and tungsten oxide is one of
the very few highly visible-light-active single-phase oxide
photocatalysts [14-17]. WO; nanoparticles or nanocrystal-
lites have been synthesized using various techniques such

as pyrolysis [11, 12], thermal decomposition [18], and wet
chemical processes such as sol-gel [19], colloidal processes
[20], and ion-exchange methods [21, 22].

Because of their band gap situated within the solar
spectrum range, tungsten oxides are one of the solar energy
transforming materials leading to applications of catalytic
activity and photoconductivity [23]. Of special interest is the
preparation of nanostructured tungsten oxide since nano-
metric structures exhibit novel properties due to large num-
ber of surface atoms and or three-dimensional confinement
of electrons. Various methods including pyrolysis, thermal
decomposition, wet chemical process such as sol gel, and
colloidal and ion exchange method have been used to prepare
WO; nanostructures [24-27]. Tree like structure has been
observed by heating a tungsten foil, partly covered by SiO,
in Ar atmosphere at 1600°C, whereas WO, nanowires have
been reported by heating tungsten wire under N, at the
same temperature [28, 29]. Tungsten hot filaments have
previously been used to prepare tungsten oxide nanostruc-
tures but studies on how to control the synthesis condi-
tions to prepare different nanostructures are not yet clear
[30].



A proper understanding of the growth mechanism of
nanostructure of WO, is essential for designing a well-
controlled synthesis method. In the past, a variety of strate-
gies have been developed to achieve growth of tungsten oxide.
Generally, there are three distinct growths in tungsten oxides,
though the mechanisms involved in each can often overlap.
It refers to those materials that have the natural tendency
towards growth due to their intrinsic highly anisotropic
crystallographic structure. Such anisotropic growth most
commonly exists in vapour deposition synthesis [31-33]. The
second growth mechanism was self-assembly, and it refers to
the fact that the nanostructures organise themselves to form
morphology based on chemical and energetic influences [34].
The third mechanism named template directed growth rep-
resents a straightforward route to nanostructures. It involves
the use of a scaffold within which a different material is
generated in situ and shaped into a nanostructure with its
morphology complementary to that of the template [35].

Ozonolysis is of great interest to synthetic organic chem-
istry because it is one of the most efficient tools for oxida-
tively cleaving carbon-carbon double bonds [36]. Ozonolysis
is generally used to prepare biologically active molecules.
Therefore, the reactions between ozone and organic com-
pounds [37] continue to be a subject of significant interest
from mechanistic, synthetic, and environmental perspectives
[38]. The importance of O, reactions with alkenes in the
troposphere and solution has led to many experimental and
theoretical studies of their kinetics and mechanism [39].

The present work addresses tungsten oxide nanoparticle
syntheses for use as a catalyst in the novel one-step syn-
thesis of malonic acid ester. Malonic acid ester is directly
synthesized and esterified via the ozonolysis of palm olein
(palm oil fraction), which comprises 10% linoleic acid as an
unsaturated fatty acid. The main advantages of using tungsten
oxide nanoparticles as the catalyst for this esterification are to
shorten the reaction time. Using tungsten oxide nanoparticles
also has minor advantages such as simple synthetic operation,
excellent yields, and recyclability. The structure and size of
the tungsten oxide nanoparticles were investigated via field
emission scanning electron microscopy (FE-SEM) and X-
ray powder diffraction (XRD). The malonic acid ester was
spectroscopically characterized via gas chromatography mass
spectroscopy (GC-MS).

2. Experimental Section

2.1. Materials. The palm olein (fractionated palm oil) starting
material was purchased from the Lam Soon Company. All
chemicals were purchased from Sigma Aldrich. The com-
pound purities were checked via thin-layer chromatography
(TLC) on silica gel G plates using benzene-ethyl acetate-
methanol 40:30:30 (v/v) or toluene-acetone 75:25 (v/v) as
the mobile phase; the spots were visualized under UV light
at 254 and 365nm. The GC/MS analyses were performed
using an Agilent 7890A gas chromatograph (GC) directly
coupled to an Agilent 5975C inert MSD mass spectrometer
(MS) system with a triple-axis detector. The column was a
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DB-5 MS UI model with a 5% phenyl methyl polysiloxane
stationary phase.

2.2. Methods. Oxygen gas was fed into the electric ozone
generator at a flow rate of 1L/min and pressure of 0.03 MPa
to generate the ozone gas that was directed into the reactor
containing palm olein as fine bubbles. The reaction temper-
ature was maintained at 150°C for 2 h with vigorous stirring.
The unreacted ozone was decomposed before mixing with the
atmosphere. The ozonation products were further oxidized
for 30 min using hydrogen peroxide using a 10:90 (w/w)
ratio of hydrogen peroxide to ozonolysis products as shown
in Scheme 1. The products were subsequently subjected to a
liquid-liquid extraction using hexane.

Tungsten trioxide NPs are commercially available and
can be synthesized via an acid precipitation according to
[40]. This precipitation technique was used to synthesize
the WO; nanoparticles from aqueous ammonium tungstate
para pentahydrate (NH,),,W;,0,,-5H,0) and nitric acid
(HNO;) solutions. A predetermined amount of the tungstate
salt was dissolved in deionized water, and the resulting
solution was heated to 80°C. After vigorous stirring, a warm,
concentrated nitric acid was added dropwise. The amount
of tungstate salt and nitric acid used was fixed so that the
final concentration for both reactants ranged from 5.3 to
16.0 mM. The mixture was kept at 80°C for 60 min with
continuous stirring before the precipitates were allowed to
settle for 1 day at room temperature. The precipitate was
washed by the addition of a large amount of deionized
water, stirring for approximately 10 min, and allowing the
precipitates to settle overnight before decanting the liquid.
This washing procedure was performed twice. Finally, the
precipitates were separated via ultrafiltration using a polymer
membrane (pore size = 0.47 mm). After drying overnight at
100°C, the precipitates were calcined in air at temperatures
ranging from 150 to 800 C for 2 h. The size, content, and shape
of the tungsten oxide were confirmed using X-ray diffraction
(XRD) and field emission scanning electron microscopy (FE-
SEM). The product was purified, separated, and characterized
via gas chromatography-mass spectrometry (GC-MS).

3. Results and Discussion

3.1. Chemical Analysis of Malonic Acid Ester and Nanopar-
ticles. Malonic acid ester was synthesized via high pressure
ozonolysis using tungsten oxide nanoparticles as the cat-
alyst in ethanol. The synthetic reaction sequence for the
malonic acid ester is outlined in Scheme 2. The starting
material was palm oil, which is commercially available. Palm
oil is composed of fatty acids, namely, myristic (saturated
Cl4), palmitic (saturated C16), stearic (saturated Cl18), oleic
(monounsaturated CI8), and linoleic (polyunsaturated C18)
acids. The two unsaturated long chain carboxylic acids in
palm oil are oxidized via high pressure ozonolysis. The
oxidation of linoleic acid yields azelaic acid, malonic acid, and
hexanoic acid. The mass spectrum provides good evidence
for the malonic acid formation. The ozonolysis mechanism
suggested by Criegee cleaves alkene double bonds via their
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FIGURE 1: Mass spectrum fragmentations of malonic acid ethyl ester.

reaction with ozone [41]. The highly exothermic 1,3-dipolar
cycloaddition of ozone to linoleic acid forms the Criegee
intermediate called trioxolane, which decomposes into a
carbonyl oxide and carbonyl compound (Scheme 2). The
oxide and carbonyl react again via a 1,3-dipolar cycloaddition
to produce a relatively stable ozonide intermediate.

3.1.1. Mass Spectroscopy of Malonic Acid Ethyl Ester. The spec-
trum of the investigated malonic acid ethyl ester exhibited
molecular ion peaks (with m/z values corresponding to the
molecular weight) for malonic acid ethyl ester. The abundant
malonic acid ethyl ester fragment (base peak) was at (m/z
160). According to the fragmentation peak at (m/z 145), the
fragments formed from the breaking of the bond between the
carbon-carbon atoms in the ethyl group. The fragmentation
peak at (rm/z 115) was from the bond between the oxygen and
carbon in the methylene group cleavaging. The fragmentation
peaks at (m/z 115, m/z 88, and m/z 60) were due to the
loss of oxygen and carbon mono oxide, respectively. The
fragmentation peak at (1m/z 60) was due to the cleavage of the
hydroxyl group, and finally, the fragmentation peak 7 at (m/z
45) was due to the cleavage of the methyl group, (Figure 1).

3.1.2. FESEM Morphologies of the Synthesized Nanoparticles.
Field Emission Scanning Electron Microscopy (FE-SEM). The
morphology of tungsten trioxide (WO;) was examined via
FE-SEM. Figure 2 shows the SEM images for WO; with the
nanostructures clearly visible. The SEM images confirmed
that the WO, was nearly spherical in shape with an average
grain size of approximately 20-30 nm.

Figure 2 shows various types of tungsten trioxide
nanostructures obtained by reaction of tungsten salt
(NH,),0W;,0,,-5H,0 with aqueous ammonia at 80°C for
1 hour. Figure 2(a) shows the morphology of nanoparticles.
The nanoparticles are entirely spherical in shape and have
diameters varying between 23 and 25nm, with an average
diameter of 24 nm as can be seen from figure. Figure 2(b)
shows nanoparticles prepared at the resolution of 50.00 KX.
Figure 2(c) shows nanoparticles prepared at the resolution
of 25.00 KX and Figure 2(d) shows nanoparticles prepared
at the resolution of 10.00 KX. The nanoparticles of tungsten
trioxide are having average dimension of 24 nm diameter.

These nanoparticles are less than those reported in the
references [42, 43] and are also similar to those reported
in references [44-47]. The effect of reaction time plays a
marvelous role in the morphology of nanoparticles. The
influence of reaction conditions on physical properties of
synthesized nanoparticles as well as mechanism is yet to be
investigated.

3.1.3. Structural Investigation of Tungsten Oxide Nanoparticles
by XRD. The particle size was calculated using the Scherrer
equation based on the XRD data as

KA

- Bcos6’ M

where D: particle size, K: a dimensionless shape factor, with
a value close to unity, A: the X-ray wavelength, f3: the line
broadening at half the maximum intensity (FWHM), 0: the
Bragg angle, K = 0.89 for the spherical shape, A = 0.97 nm,
B: FWHM (30) = 0.234, and 6 = 30. So D = 23.97 nm particle
size, where the ISCD/JCPDS card number for the synthesized
oxide particles is 00-041-0371.

The XRD pattern for the tungsten trioxide nanoparticles
is shown in Figure 3(a) and indicates a single-phase with
a monoclinic structure. The peak intensities and positions
agree well with the library data clarified in Figure 3(b).

4. Conclusions

This study used a new approach to synthesize malonic acid
ester via the direct ozonolysis of palm olein, where the fine
bubbles of ozone played an active role to cleave the double
bonds. This method was used for the first time with a tungsten
trioxide catalyst for the esterification of malonic acid and had
the advantages of synthetic simplicity, an excellent 10% yield,
short 2 h reaction time, and recyclability. Malonic acid ester
was characterized using mass spectroscopy. The prepared
nanoparticles have a spherical shape and diameter of 24 nm
have been investigated by the FESEM & XRD, respectively.
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