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,e industry is looking for new materials which can respond to specific applications that exclusively advance materials can
provide. In this context, nanoparticles and nanocomposites opened an interesting method for designing specific properties which
can be modulated according to the requirements. ,e preparation of biomolecules supported trimetallic nanoparticles and some
other derives is a good example of the complex systems that can be designed for getting exclusive properties.,is study is based on
the preparation of new cyclodextrin supported Fe/La/Zn trimetallic nanocomposite by the microemulsion technique. Photo-
catalytic degradation of amoxicillin was performed using cyclodextrin-Fe/La/Zn. 78% of amoxicillin photodegradation along 4
hours of photoirradiation was achieved. Finally, the catalytic nature of new material was explored for oxidation and esterification
reactions. ,e present study revealed that this advanced multifunctional nanomaterial can be successfully employed for en-
vironmental remediation and catalytic activities.

1. Introduction

,euse of some nanomatrices made up of oxide andmetallic
nanoparticles have important applications in areas such as
electronics and catalysis. ,ese numerous uses can be un-
derstood because nanoparticles are the simplest form of
structures having size in the nanometer range that allows
getting multipurpose features as extensive availability, rich
functionalities, better biocompatibility, ability for controlled
release of drugs, and targeted drug delivery [1–3].

In general, nanoparticles are classified in two categories
according to their nature, that is, inorganic nanoparticles
and organic nanoparticles. ,e inorganic nanoparticles
embrace noble metal nanoparticles (such as silver and gold),
semiconductor nanoparticles (such as zinc oxide, copper
oxide, and titanium dioxide), magnetic nanoparticles, and bi
or trimetallic nanoparticles [4–7]. In contrast, organic
nanoparticles mainly contain polymeric nanoparticles and
carbon nanoparticles. ,ere are several methods for the
preparation of nanoparticles, but the microemulsion
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technique has been mainly used because of its outstanding
control on the reaction parameters, which can lead through
specific modification of materials properties [8–11].

,e nanoparticles showed potential results such as
catalysts for fuel cells and in photocatalytic devices. In
addition, some nanoparticles were also tested as catalytic
systems for producing numerous chemicals. Nowadays, the
use of platinum nanoparticles as automotive catalytic con-
verters can offer a very high surface area, which could reduce
the amount of platinum normally required. Nevertheless,
some shortcomings should be considered, such as these
could spontaneously combust if methane is mixed with the
ambient air.

Nanoparticles can open a new perspective in the field of
antimicrobials, due to pathogenic microorganisms ac-
quiring resistance to diverse antibiotics, which could derive
in a serious health issue [12–14]. Nanoparticles based on
silver exhibits excellent antibacterial activity against vari-
ous infections and can provide other kind of features such
as antiviral property and its antioxidant nature which can
be very useful against neurological diseases and cancer
[15, 16]. Furthermore, metal nanoparticles with antimi-
crobial activity can be involved in diverse applications like
waste water treatment, biomedical and surgical devices,
synthetic textiles, food packaging, and processing
[1, 3, 9, 15–20].

On the other hand, the properties of nanoparticles can be
increased or improved through the preparation of nano-
composites, which can play an important role as drug
carriers due to their improved loading capabilities, higher
stability, and great control over physicochemical properties.
In addition, these materials can provide an excellent bio-
compatibility. Biodegradability and low toxic nature, which
can be very useful for pharmaceutical applications [21, 22].
At the present time, some polymer matrix composites are
based on exfoliated clay, carbon nanofibers, nanocrystalline
metals or graphene, carbon nanotubes, and carbon nitride,
as these can provide new specific characteristics especially
important for some applications such as drug delivery,
chromatography, photocatalysis, or environmental reme-
diation [23–29].

On the other hand, various biopolymers and gums such
as cellulose, pectin, chitin, guar gum, chitosan, and gum
arabica have been successfully used to fabricate diverse
composite [30, 31]. ,e bi or trimetallic nanocomposites can
be used for the degradation of nonbiodegradable organic
contaminants and other compounds [32–34]. ,e adsorp-
tion, photocatalysis, ion exchange, and classic homogeneous
Fenton oxidation are few of the widely used processes for the
treatment of wastewater which contains organic synthetic
dyes, pesticides, personal care products, and pharmaceuti-
cals [35–39].

,e use of cyclic oligosaccharides, such as cyclodextrins,
is extended due to its excellent properties associated with its
ability for preparing of supramolecular structures. As result,
a large number of publications are produced each year where
cyclodextrin is involved [31, 40, 41]. ,ere are three kinds of
cyclodextrins, which are known as α-cyclodextrin, β-cy-
clodextrin, and c-cyclodextrin, according to its generation.

In general, β-cyclodextrin is the most used because of its
common availability and its low price [42, 43].

,en, nanocomposites can offer multiple applications;
thus, this work is focused on the preparation of cyclo-
dextrin that supported Fe/La/Zn trimetallic nano-
composite using the microemulsion method. ,e
resulting material has been characterized by UV spec-
troscopy (UV), Fourier transformer infrared spectroscopy
(FTIR), transmission electron microscopy (TEM), X-ray
diffraction spectroscopy (XRD), and scanning electron
microscopy (SEM). Some applications as the study of the
photodegradation of antibiotic and electrocatalytic nature
of synthesized material have been explored for esterifi-
cation reactions.

2. Experimental Part

2.1. Materials. Nitrate of iron, zinc, lanthanum, sodium
borohydride, butanol, acetic acid, and isopropyl alcohol
(CDH Pvt. Ltd., India), cyclodextrin, amoxicillin, and Tween
80 (S.D. Fine Chemical Pvt. Ltd., India), and benzyl alcohol
and ethanol (Loba Chemie Pvt. Ltd., India) were used as
received.

2.2. Fabrication of β-CD-Fe/La/Zn Nanocomposite. ,e
β-CD-Fe/La/Zn nanocomposite was fabricated by the
microemulsion technique. For that purpose, three
microemulsions were prepared before getting the final
nanocomposite. First, microemulsion was made using a
ratio 3 water: 2 cyclohexane; into this 0.1M nitrates of
iron, lanthanum and zinc were mixed (volume by vol-
ume) ratio (Scheme 1). ,en, the stabilization of
microemulsion was achieved by addition of Tween 80
(3 mL) as discussed in our previous work [44]. A second
microemulsion was prepared adding 0.01M of sodium
borohydride by preserving the same conditions as in the
first microemulsion. ,en, 0.01M solution of cyclodex-
trin prepared in distilled water was added to the first
microemulsion. ,e second microemulsion was added to
above mixture dropwise with constant stirring and after
that stirred for 3 hours at room temperature. ,e
resulting nanocomposite was centrifuged, washed via
water for eradicating impurities, and dried at 50°C for 4
hours in oven.

2.3. Characterization. Diverse characterization methods
were used for the analysis of the resulting nanocomposite.
Fourier transform infrared (FTIR) spectrum was obtained in
the wave number ranged from 4000 to 400 cm−1. UV-Vis
spectrophotometer (Systronics 2202) was used for the
analysis of the band gap and degradation studies. ,e X-ray
diffraction (XRD, Panalytical’s X’Pert Pro) study was per-
formed in the reflectance mode with λ� 0.1541837 nm. ,e
SEM images (scanning electron microscope) were acquired
at different magnifications (JSM-6100 SEM-microscope) and
the TEM images (transmission electron microscope) by
Tecnai G2 20 S-TWIN at acceleration voltage 20–200 kV.
,e thermal stability of the samples was checked by
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conventional calorimetry and thermogravimetric analysis. A
calorimeter (Q200 differential scanning calorimeter) from
TA Instruments equipped with a cooling systemwas used for
that purpose. ,e weight of the nanocomposite measured
was around 50mg, and the heating rate applied was 10°C/
min under nitrogen atmosphere. ,e thermogravimetric
analysis (TGA–TA Instruments Q50) was performed using a
heating rate of 20°C/min from 50 to 800°C in a nitrogen
atmosphere.

2.4. Remediation ofAmoxicillin. ,e photocatalytic activity of
β-CD-Fe/La/Zn nanocomposite was tested for amoxicillin
degradation. Solution of amoxicillin was prepared, and 0.1 g of
β-CD-Fe/La/Zn was added. ,en, photocatalytic experiments
were performed using two kind of conditions: (a) adsorption-
desorption equilibrium was achieved in the dark followed by
photocatalysis in sunlight and (b) simultaneous adsorption/
photocatalysis was performed under sunlight.,e total volume
of the reaction mixture was kept at 200mL. At precise time
breaks, aliquot of 3mL was withdrawn from test sets for
analysis.,e concentration of amoxicillin was logged using the
UV-vis spectrophotometer at 248nm. ,e percentage degra-
dation was considered by employing following equation [45]:

%degradation �
C0 − Ct

C0
× 100, (1)

where Co is the primary absorbance of amoxicillin and Ct is
the absorbance of amoxicillin after time t (min).

Photocatalytic degradation rate for amoxicillin was
considered using pseudo-first-order kinetic as follows:

r � −
dc

dt

� kappt,

In
C0

Ct

� kappt,

(2)

where k is the apparent rate constant, Co is the concentration
of amoxicillin afore illumination, and Ct is the concentration
of amoxicillin at time t.

,e effect of radical scavengers, silver nitrate (AgNO3),
ethylenediaminetetraacetic acid (EDTA), 4-hydroxy-2,2,
6,6-tetramethylpiperidinyloxy (TEMPOL) and tert-butanol
on photodegradation was also studied. Chemical oxygen
demand (COD) was assessed by Chemetrics low range
(10–150mg/L) COD vials.

2.5. β-CD-Fe/La/Zn as Catalyst for Esterification.
Esterification reactions were performed using acetic acid and
alcohol (ratio 2 :1) along with β-CD-Fe/La/Zn as catalyst. To
the above reaction mixture, 10–15mL of appropriate solvent
such as toluene or cyclohexane was added and refluxed for
2.5 hours at 110°C. ,e reaction yield was considered by
formula as

%yield �
WR − WP

WR

× 100, (3)

where WR is the initial weight of reactant and WP is the
weight of products formed.
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Scheme 1: Synthesis of Fe/La/Zn@β-CD trimetallic nanocomposite.
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3. Results and Discussion

3.1. Characterization. ,e FTIR spectrum of β-CD-Fe/La/
Zn is displayed in Figure 1(a) and shows the characteristic
peak at 3398 cm−1 associated with the O-H stretching
mode of the –OH group [46, 47]. ,e peak present at
2923 cm−1 is induced by asymmetric stretching of the
–CH2 group [48]. ,e peak obtained at 1636 cm−1 cor-
responds to H-O-H bonding of absorbed water. Atmo-
spheric –CO2 groups present in the β-CD-Fe/La/Zn are
located at 1384 cm−1.

,e peak present at 1735 cm−1 is due to the presence of
the C�O group, which clearly indicates the binding of cy-
clodextrin with Fe/La/Zn and confirms the formation of
β-CD-Fe/La/Zn [49]. Peak at 1484 cm−1 relates to C-H

bending, and the peaks existing at 1251 cm−1, 1029 cm−1, and
1080 cm−1 are associated with C–O–C, C-O, and O-H bond
stretching. ,e intensity of peaks for Fe-O, Zn-O, and La-O
was found at 531 cm−1, 695 cm−1, and 760 cm−1 due to
binding of β-CD to Fe/La/Zn [50].

,e XRD-diffraction spectrum of the synthesized
β-CD-Fe/La/Zn nanocomposite is shown in Figure 1(b),
where the characteristic peaks displayed at 57.1° and 62.8°
can be associated with (511) and (440) diffraction planes
and are in accordance with the standard JCPDS file no.
65–3107 for iron [51]. ,e characteristics peaks at 27.40°
and 30.26° corresponding to (002) and (111) diffraction
planes of lanthanum associated with JCPDS card no. 02-
0607 [52]. ,e presence of zinc displays important dif-
fractions at 39°, 54°, and 70° corresponding to the next
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Figure 1: (a) FTIR spectrum, (b) XRD spectrum, (c) calorimetric analysis, (d) and thermal stability for β-CD-Fe/La/Zn nanocomposite.
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planes (100), (102), and (103) corresponding to JCPDS file
no. 036–1451 [53]. Finally, the presence of cyclodextrin is
confirmed by the characteristic peak displayed at 12.62°,
18°, and 22.54°. ,e thermal stability of β-CD-Fe/La/Zn
nanocomposite was also analyzed using conventional ca-
lorimetric and thermogravimetric analysis. First, the ca-
lorimetric curve is displayed in Figure 1(c) where two
transitions are detected. ,e main endothermic process
exhibits a broad phase over 120°C and can be correlated to
the release of water. On the other hand, a small phase takes
place around 300°C which can be associated with the de-
composition of β-CD.

,e thermogravimetric analysis of the β-CD-Fe/La/Zn
nanocomposite is shown in Figure 1(d). ,e curve depicts a
first deep drop around 100°C, which is clearly related with
the release of water molecules, where the physical adsorbed
water reaches the 15wt.% of the total amount of the sample.
,is first deep broad transition leads to the overlapping with
a second transition which takes place around 300°C. ,e
curve follows the same transitions observed in the calo-
rimetry, and consequently, this second transition can be
linked with the decomposition of β-CD. In this context,
metallic Fe/La/Zn nanoparticles can be considered more
stable as total weight loss observed is not too high, i.e., the
degradation of the sample must be exclusively related to the
organic part β-CD.

,e surface morphology of synthesized β-CD-Fe/La/
Zn was analyzed using scanning electron microscopy. ,e

images of β-CD-Fe/La/Zn (Figures 2(a)–2(d)) show fi-
brous morphology due to presence of cyclodextrin, and
the highly agglomerated nanoparticles are clearly visible.
In addition, transmission electron microscope provided
the information of the particle size of the material. ,e
β-CD-Fe/La/Zn (Figures 3(a)–3(d)) is nearly spherical
and average size is about 20–50 nm. β-CD-Fe/La/Zn
shows metallic particle agglomeration, and the images
suggest that the particles well disperse in the matrix of
β-CD and mostly spherical in shape. ,e Figure 4(a) il-
lustrates the absorption spectrum of β-CD-Fe/La/Zn, and
Figure 4(b) shows the band gap of the material. ,e band
gap of the β-CD-Fe/La/Zn nanocomposite is 2.67 eV, and
therefore, this befalls in a semiconductor material band
gap range. ,us, β-CD-Fe/La/Zn has potential to be ex-
plored as photocatalyst.

3.2. Heterostructure of β-CD-Fe/La/Zn. ,e band gap for
Fe3O4, La2O3, and ZnO were found to be 2.24 eV, 2.93, and
3.23. Whereas, their valance band and conduction values
were found to be for Fe3O4 VB 2.40 eV and CB 0.16 eV, for
La2O3 VB 2.24 eV and CB-0.69 eV, and for ZnO VB 2.93 eV
and CB −0.30 eV as presented in inset Scheme 2. ,e charge
transfer mechanism in the synthesized Fe3O4/La2O3/ZnO@
cyclodextrin heterojunction was found to follow the dual
Z-scheme. Under the light illumination, the electrons from
the valance band of the metal oxides get shifted to their

Figure 2: SEM images (a)–(d) for β-CD-Fe/La/Zn nanocomposite at different scales.

Journal of Chemistry 5



respective conduction band by creating holes there. Since the
excitation denotes the unstable state, the electrons from CB
of Fe3O4 and ZnO recombine with the holes of La2O3. As a
result, the electrons of La2O3 with high potential (-0.69 eV)
were available for the formation of superoxide radicals. In
the same way, the holes of Fe3O4 (2.40 eV) and ZnO
(2.93 eV) with high potential were free for the generation of
hydroxyl radicals (Scheme 2). ,e simultaneous transfer of
the photogenerated charges helped in promoting the sep-
aration of charge pairs and thus increased the production
and lifetimes of the charge pairs [54].

4. Applications

4.1.RemediationofAntibiotics (Amoxicillin). ,e removal of
amoxicillin was studied using the β-CD-Fe/La/Zn under

two conditions: (i) equilibrium adsorption (dark) followed
by photocatalysis and (ii) simultaneously adsorption/
photocatalysis under sunlight irradiation. ,e decline in
absorption band intensities for the amoxicillin with irra-
diation time is shown in Figures 5(a)–5(b). It can be clearly
seen that decrease in absorbance is more under condition
simultaneously adsorption/photocatalysis. Under the first
condition, adsorption followed by photocatalysis, only 52%
amoxicillin was adsorbed by β-CD-Fe/La/Zn as Figure 6(a)
displays. ,e complete remediation using the same set of
condition indicated a removal of 71% amoxicillin, which
was recorded after 4 h of remediation. ,e slight change in
the results indicated that β-CD-Fe/La/Zn is a good ad-
sorbent and photocatalytic agent with good removal per-
centage. Whereas, electrolytic combustion efficiencies of
the PbO2 electrode and Cu-PbO2 electrode for the

Figure 3: TEM images (a)–(d) for β-CD-Fe/La/Zn nanocomposite at different scales.
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degradation reaction of amoxicillin were 65.6% and 98.4%
[55]. Adsorption and biodegradation in the A/O-MBR
system represented the 68% removal of amoxicillin anti-
biotic [56]. ,e natural montmorillonite clay pillared with
titanium oxide depicted adsorptive removal of 4.26mg/g
for amoxicillin [57]. ,e over photodegrading method has
advantages as it is greener using sunlight, and there are no
secondary contaminates.

,e photodegradation mechanism of amoxicillin under
equilibrium adsorption (dark) followed by photocatalysis is
the following:

β-CD-Fe/La/Zn + amoxicillin ⟶ β-CD-Fe/La/
Zn–amoxicillin absorbed (in dark)
β-CD-Fe/La/Zn–amoxicillin absorbed + hv⟶ β-CD-
Fe/La/Zn (e−+ h+)–amoxicillin (sunlight)
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Figure 4: (a) UV-Vis spectra and (b) Tauc plot of β-CD-Fe/La/Zn.
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•OH+amoxicillin–β-CD-Fe/La/Zn⟶ degraded and
intermediate product

•O2
- + amoxicillin–β-CD-Fe/La/Zn⟶ degraded and

intermediate product

,e second set of conditions lead to 78% of degradation
along 4 hours of photoirradiation, as shown in Figure 6(b).
Hence, β-CD-Fe/La/Zn seems a good photocatalytic agent.
On the other hand, kinetics for amoxicillin degradation
express a linear correlation as it can be observed in
Figure 6(c) [17]. ,e value of rate constant (k) was
0.00156min−1 and with a correlation coefficient (R2) of
0.99769.

,e simultaneous adsorption/photocatalysis of amoxi-
cillin onto β-CD-Fe/La/Zn comprises the adsorption of
amoxicillin onto it and the generation of electron-hole pair
from β-CD-Fe/La/Zn on the absorption of visible light.
Excited particle generates hydroxyl and superoxide radicals.
,en, these free radicals upset the conjugation in the
adsorbed amoxicillin molecules and consequently destroy
the amoxicillin molecules. ,e degraded amoxicillin prod-
ucts left the surface of β-CD-Fe/La/Zn free for additional
photocatalysis. ,e mechanism of amoxicillin photo-
degradation in simultaneous adsorption/photocatalysis was
the following:

β-CD-Fe/La/Zn + amoxicillin ⟶ amoxicillin adsor-
bed (in sunlight) + hv
β-CD-Fe/La/Zn (h+)‒amoxicillin +H2O⟶ β-CD-Fe/
La/Zn (•OH)‒amoxicillin +H+

β-CD-Fe/La/Zn (h+)‒amoxicillin absorbed +OH
β-CD-Fe/La/Zn/(•OH)‒amoxicillin
β-CD-Fe/La/Zn (e−)‒amoxicillin absorbed +O2 ⟶
β-CD-Fe/La/Zn (•O2

-)‒amoxicillin

•OH+amoxicillin‒β-CD-Fe/La/Zn ⟶ intermediate
product⟶ degrade product + free β-CD-Fe/La/Zn for
reuse
•O2

- + amoxicillin‒β-CD-Fe/La/Zn ⟶ intermediate
product⟶ degraded product + free β-CD-Fe/La/Zn
for reuse

,e amoxicillin degradation kinetics show a linear
correlation in Figure 6(d), which was fitted through pseudo-
first-order kinetics [17]. ,e value of rate constant (k) was
0.00284 and 0.99098 was the correlation coefficient (R2).

,e photocatalytic study of amoxicillin degradation in
presence of β-CD-Fe/La/Zn displays that the trimetallic
nanocomposite is a better agent for the amoxicillin photo-
remediation. ,e results can be supported with band gap
studies as its band gap value is 2.67 eV. ,is low band gap
value of β-CD-Fe/La/Zn helps to generate an electron-hole
pair, leading to a higher photocatalytic degradation. In ad-
dition, the great number of –OH groups in β-CD is the re-
sponsible of the adsorption of amoxicillin onto the surface.
,is adsorbed amoxicillin is further effectively prone to
radicals’ attack than the suspended one. ,e transferred
electron leads to the formation of adsorbed amoxicillin radical
cation, which further yields oxygen radical anion and brings
the degradation of amoxicillin by interruption of the con-
jugation. In Figure 7(a), the scavengers effect, it is clearly
detected that addition of TEMPOL and tert-butanol inhibits
the degradation rate abruptly, from 78% to 26 and 14%,
respectively, which indicate that •O2− and •OH are the main
active species participating in photodegradation. ,e degra-
dation rate inhibition follows the order:
AgNO3>EDTA>TEMPOL> tert-butanol. ,e analysis of
chemical oxygen demand depicts (Figure 7(b)) gradual fall to
21% in 240 minutes and hence confirms the degradation of
amoxicillin.
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,e adsorption of pollutants onto the catalyst surface can
enhance the photodegradation [58–60]. ,e hydroxyl
groups and primary amino groups on the surface of
amoxicillin provide a large number of adsorption sites for
interactions. Reusability studies show that β-CD-Fe/La/Zn
was more efficient in simultaneous adsorption/photo-
catalysis under sunlight as after five cycles of removal, it still
retains 61% removal efficiency, whereas in equilibrium
adsorption (dark) followed by photocatalysis condition,
there was appreciable loss, and only it showed removal
efficiency of 41% after 5 cycles (Figure 8). ,is may be as the
adsorption of amoxicillin under dark conditions degrades
the photoactive sites responsible for degradation.

4.2. Exploring Electrocatalytic Nature of Fe/La/Zn@β-CD for
Esterification Reactions. ,e esterification reactions are

reasonably slow and require activation through high tem-
perature or using a catalyst for reaching the equilibrium
conversion in a practical amount. In addition, esterification
is reversible and possesses low equilibrium constants.

,e reaction requisites to be enforced by confiscating
water produced or working with an excess of one of the two
reactants (acid or alcohol) for getting higher yields of the
esters. In this context, the existence of water during the
esterification could reduce the product yield. ,e effect of
adding a cosolvent raises the reaction rate and product
yield. Consequently, solvents such as toluene was used for
reaction, so the water formed during the reaction could be
removed. Furthermore, some reactions were optimized
using ethyl acetate.

,e reactions of esterification using different alcohols are
displayed in Scheme 3.,e conditions were selected in order
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to obtain the maximum yield of ester, and these were using
20mg of β-CD-Fe/La/Zn as catalyst, a mole ratio 2 :1 (acid:
alcohol), and a time of 2.5 hours. Table 1 provides the yields
of the diverse esters obtained in this study. First, the higher
yield obtained are when ethanol and isopropyl alcohol are
involved.

In literature, H2SO4 was used as the catalyst during
the procedure, which requires 5 mL of acid as the catalyst
for preparing the esters. ,e acid will be diluted by
eliminated water produced during the conversion, and
therefore, the catalytic effect will be reduced. Hence, a
higher amount of acid will be required for getting a high
yield.

,e data show that a maximum of yield, 92%, is reached
for the isopropyl acetate using 20mg of β-CD-Fe/La/Zn
catalyst. On the other hand, the maximum yield for butyl
acetate was 80% and 88% for ethyl acetate using the same
amount of β-CD-Fe/La/Zn catalyst. ,us, these results show
that β-CD-Fe/La/Zn material is potentially useful for es-
terification reactions.

5. Conclusions

,e β-CD-Fe/La/Zn TNCs composite was fabricated using
the microemulsion technique, and the structure was
confirmed by scanning electron microscopy (SEM), X-ray

diffractometer (XRD), Fourier transform infrared spec-
troscopy (FTIR), and transmission electron microscopy
(TEM). ,e new composite exhibits good properties as
photocatalyst for photodegradation of amoxicillin under
the diverse conditions studied. ,e adsorption/photo-
catalysis lead to 78% of degradation of amoxicillin. Re-
usability studies display that β-CD-Fe/La/Zn was more
effective in simultaneous adsorption/photocatalysis; even
as after five cycles of exclusion, it still retains 61% removal
efficacy. Hence, this new material seems an excellent agent
for removal some antibiotics such as amoxicillin. β-CD-
Fe/La/Zn TNCs is also a promising catalyst for esterifi-
cation reactions, such as the higher reaction yields in-
dicated. In this context, the esterification of acetic acid
with ethyl, isopropyl, and butyl alcohol showed that ethyl,
isopropyl, and butyl alcohol reached a maximum yield of
88%, 80%, and 92%. ,us, a high number of applications
can be attained using this promising β-CD-Fe/La/Zn
material.

Data Availability

No data were used to support this study.

Conflicts of Interest

,e authors declare that they have no conflicts of interest.

C4H9OH C4H9CH3
H2O, 110 °C

CH3

CH3

CH3 CH3

CH3

CH2 OH

OH

OH

O

C

OH

O

C

O

C

O

OC

CH2

O

OC

CH3CH3CH3CH(OH)CH3 CH3 CH CH3

O

OC

β-CD-Fe/La/Zn

H2O, 110 °C
β-CD-Fe/La/Zn

H2O, 110 °C

β-CD-Fe/La/Zn

Butanol Acetic acid

Acetic acid

Acetic acid

Butyl acetate

Ethyl acetateEthyl alcohol

Iso-propyl alcohol Iso-propyl acetate

+

+

+

Scheme 3: Esterification of acetic acid with butanol, ethyl alcohol, and iso propyl alcohol using β-CD-Fe/La/Zn as the catalyst.

Table 1: Percentage of yield for the different esters.

Case −OH :CH3COOH, T Ester formed Amount of catalyst % yield
1 Ethanol, 110°C Ethyl acetate 10mg 84
2 Ethanol, 110°C Ethyl acetate 20mg 88
3 Isopropyl alcohol, 110°C Isopropyl acetate 10mg 80
4 Isopropyl alcohol, 110°C Isopropyl acetate 20mg 92
5 Butanol 110°C Butyl acetate 10mg 80
6 Butanol 110°C Butyl acetate 20mg 80
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