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Abstract

Columnar assembly of luminescent 3,5-dimethyl pyrazolate complexes/titanium oxide composites with
different metal ions has shown significant improvement in its photocatalytic activity for the removal and
degradation of 2, 4-dichlorophenoxyacetic acid (2,4-D). Since photocatalytic activity of semiconductor
titanium oxide (TiO2) with an anatase phase can be improved by calcination temperature, we report the
effect of heat treatments on the preparation of copper(I) 3,5-dimethyl pyrazolate complex/titanium oxide
composite ([CusPz3]/TiO2) for the removal and degradation of 2,4-D. Photocatalyst composites
[CusPz3]/TiO:2 were successfully prepared using an impregnation method with different calcination
temperature at 373, 473 and 573 K. Although, the activity of photocatalyst composites [CusPzs]/TiO2 was
significantly improved with increasing of calcination temperature on pure TiO, it was slightly reduced
with an increase of calcined temperature to 473 and 573 K. These results showed that [CusPzs]/TiO2 was
unstable at high temperature due to the decomposition of molecular structure of [CusPzs] during the
preparation of the photocatalyst. Hence, suitable calcination temperature is an important parameter to
increase photocatalytic activity of photocatalyst composites [CusPzs]/TiOx.

Luminescent composites [CusPzs]/TiO:2 enable as a [Cu,Pz;]
. . . Ly - 02
semiconductor photocatalyst with a significant 4 Ratransfer ey — f / Delay electron-hole
improvement on photocatalytic activity for removal < T .o, recombination process
. 1 ) g o e v High photocatalyti
and degradation of 2,4-D. This higher photocatalytic 2 me—gft | pransfer igh photocatalytic
3 -] ',‘,% s | along the activity
activity compared to TiO2 is due to the presence of g TR, | cotumnar
g HyC~ |
columnar assembly for delaying -electron-hole TiO, £ nct‘é""‘(: e 5
recombination between valance and conduction G T e h OH
o o v (i) & H,0 —) C0,+H,0 '
bands. Indeed, calcination temperature is important
*OH .Cl I
parameter to increase photocatalytic activity of ) : ’
hotocatalvst it [Cu,Pz,]/TiO, Removal and degradation
photocatalyst composites. of 2,4-D

Article History:
Received: 17 August 2019, Revised 21 August 2019, Accepted 22 August 2019, Available Online 31 August 2019
http://dx.doi.org/10.34311/jics.2019.02.1.54

(Mo Content from this work may be used under the terms of the Creative Commons Attribution 4.0 license

Keywords: Calcination, Copper(I) pyrazolate complex, 2,4-Dichlorophenoxyacetic acid

Acknowledgment

The authors thank Penelitian Mandiri (045/MACHUNG/LPPM-LIT-MANDIRI/IV/2018), Universitas Ma Chung, Indonesia, and
Transdisciplinary Research Grant (Q.J130000.3554.07G57), Universiti Teknologi Malaysia for financial supports. NHS acknowledges the
Ministry of Higher Education, Malaysia for the financial support through MyBrain15 Scholarship (MyPhD).

54



J. Idn. Chem. Soc. 2019, 02(1), 54-59

Introduction

Nowadays, an increasing contamination level
in water sources with colorless chlorinated
compounds is one of the greatest concern to the
human future. Since 1945, 2,4-dichlorophenoxyacetic
acid (2,4-D) has been widely used as selective
herbicides in agriculture fields for controlling the
broadleaf weeds [1,2]. In contrast, this herbicide is
relatively high soluble in water and easily flow to
water stream. In addition, the degradation rate of
2,4-D also considered slow, which takes few days,
depending on some factors such as concentration,
acidity, and temperature. Several reports showed
that 2,4-D in contaminated water source can be
removed using chemical, microbial and
photochemical process [3-5]. However, those
methods still gave low conversion percentage and
take a long time for the removal of 2,4-D. Recently,
titanium oxide (TiO2) with its semiconductor
properties has been reported as a promising
heterogeneous photocatalyst in water treatment
technology due to their high activity, large stability,
low price, and nontoxic [6-8].

While a lot of strategies have been developed to
improve photocatalytic activity of TiO2 [9-12],
modification using copper complexes have gained
such a tremendous attention due to the ability of the
composite in improving suppression of electron-
hole recombination process, in which the columnar
structure from a weak metal-metal interaction can
trap the transferred electron along its assembly
[13,14]. In 2016, a first modified luminescent
trinuclear copper(I) pyrazolate complex/titanium
oxide has been reported to give better activity
compared to pure TiO2 [13]. This result highlighted
that the presence of luminescent trinuclear copper(I)
pyrazolate complex ([CusPzs]) with the different
molecular structure of reduced electron-hole
recombination process and slightly increased
photocatalytic activity of TiOx In particular, the
luminescent composite of copper complex prepared
from 3,5-dimethyl pyrazole ligand with a less rigid
molecular structure showed higher photocatalytic
activity compared to that 4-(3,5-dimethoxybenzyl)-
3,5-dimethyl pyrazole ligand. Recently, we also have
reported on photocatalytic activity of modified TiO2
using 3,5-dimethyl complexes with
different group 11 metal ions [14]. Such luminescent
properties are required not only for indicating the
electron-hole recombination from its emission
spectral changes, but also for evaluating the
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possibility of the electron transfer from conduction
band to columnar assembly of the complex.

Although many studies have been done to
investigate the performance of pure and modified
TiO2 composites; however, the effect of heat
treatment on the activity of luminescent composites
has still not yet reported so far. For example, Siah
and her co-workers have reported that commercial
TiO2 having anatase phase showed an improvement
in the removal and degradation of 2,4-D with
increasing of calcination temperature [15]. In
contrast, commercial TiO2 with a combination of
anatase and rutile phase possessed different results
where the high calcination temperature might
change the active site of photocatalyst composites.
Therefore, we report on systematic study of
luminescent trinuclear copper(I) 3,5-dimethyl
pyrazolate complex/titanium oxide photocatalyst
composites for the removal and degradation of 2,4-
D. In this study, we demonstrated that suitable heat
treatment in preparation of TiO:2 composites is also
an important parameter to be considered for the
improvement of photocatalytic activity.

Experimental Section
Materials and apparatus

Hombikat UV100 TiO: (Sachtleben Chemie)
was used as a precursor of the anatase phase.
[CusPzs] was previously synthesized from 3,5-
dimethyl pyrazole ligand (Sigma-Aldrich, CsHsN: as
Pz-CH;, 99%) and a metal salt of
tetrakis(acetonitrile)copper(I) hexafluorophosphate
(Sigma-Aldrich, CsHi2CuFeNsP, 97%) [15,16]. High
purity of dry tetrahydrofuran,
dichloromethane, and methanol from Merck was
directly used to synthesize the complex under an
inert condition. Freshly distilled triethylamine was
firstly prepared in the round bottom flask
containing potassium hydroxide (Merck, KOH)
under a vacuum and an inert condition using a
distillation = technique. The freshly distilled
triethylamine was directly used for the desired
reaction. 2,4-D (Sigma-Aldrich, CsHesCl20s, 98%) was
used as a model of organic pollutant in the
photocatalytic reaction. Calcination with the
temperature of 373, 473 and 573 K and a heating rate
of 10 K min? under atmospheric conditions was
performed using a Nabertherm muffle furnace on a
model of LE6/11.

extra

The structure of the samples was characterized
using X-ray Diffractometer (XRD) on a model of
Bruker D8 with a scan speed of 0.05 °s' and Fourier
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transform infrared spectroscopy (FT-IR) on a model
of Nicolet i550 Thermo Scientific (potassium
bromide with a pellet technique). The morphology
of the composites was further studied using field-
emission scanning electron microscopy (FE-SEM,
JEOL on a model of JSM-6701F).

The photocatalytic reaction was performed on
UV light irradiation using 200 W Xe-Hg lamp with 8
mW cm? of light intensity. The photocatalytic
activity was evaluated using high-performance
liquid chromatography (HPLC) on a model of
Shimadzu Prominence LC-20A equipped with UV
detector and Hypersil GOLD PFP column (150 x 4.6
mm).

Synthesis of photocatalyst composites

[CusPz3]/TiO:2 photocatalyst composites were
prepared using an impregnation method where 0.1
weight percent of [CusPzs] in dichloromethane
solution (25 mL) was mixed with 1.0 g of TiOz. The
mixture was sonicated for 20 minutes for better
dispersion [13,16,18]. Then, the solution was stirred
until dried at room temperature and calcined at 373
K for 4 hours. The protocol was repeated at different
calcination temperatures (473 and 573 K) for both
unmodified and modified TiO:2 to study the effect of
heat treatment towards the activity.

Photocatalytic study of photocatalyst composites

[CusPz3]/TiO:2 photocatalyst composites were
tested for degradation of 2,4-D under UV light
[19,20]. Particularly, photocatalyst
composite (50 mg) was added to the solution of 2,4-
D (50 mL, 0.5 mM) and stirred in a dark condition
for 1 hour to reach the adsorption-desorption
equilibrium. Then, the mixture was further stirred
for 1 hour under the same UV light irradiation. After
the adsorption process and UV lamp exposure, the
mixture was collected and purified using a nylon
membrane filter (0.2 um). The filtered solution was
further analyzed using HPLC. The concentration of
2,4-D was examined with an eluent mixture of
acetonitrile/distilled water in 60:40 (v/v) at
wavelength of 283 nm. The and
degradation of 2,4-D were calculated from equations
(1) and (2).

irradiation

removal

R lof2,4.p = 24Dl = 24D 0, a
emoval of 2,4-D = [24D], X )

[2,4-D]; — [2,4-D]s — [2,4-DCP]
X

D i f2,4-D =
egradation of 2, [24-D],

100 (2)
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The concentration of 2,4-D before and after UV light
irradiation is denoted as [2,4-D]i and [2,4-D]t while
the concentration of its intermediate (2,4-
dichlorophenol, 2,4-DCP) is denoted as [2,4-DCP].
These equations will provide the calibration curves
for the determination of photocatalytic activity.

Results and Discussion
Structural analysis of photocatalyst composites

structure of [CusPz3] and
[CusPz3]/TiO: photocatalyst composites were firstly
confirmed by using FT-IR measurement as shown in
Figure 1 [16,21]. According to the previous report,
vibration bands at 3375 cm-! (6) and 1626 cm-! (7) are
assigned to O-H group which indicated the
presence of moisture. While the vibration band of
Ti-O group was observed at the range of 700 to 500
cm?® (8) [21]. In contrast, although [CusPzs] was
prepared as a composite with TiO:, there is no
[CusPzs] in [CusPzs]/TiO:
photocatalyst composites due to the low loading
amount of the [CusPzs].

The molecular
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Figure 1. FT-IR spectra of [CusPzs] as well as TiO:
and [CusPz3]/TiO2 at  different calcination
temperatures.

Figure 2 shows XRD pattern of TiO2 with 20 at
25.35°, 38.10°, 48.05°, 54.55° and 62.60° which is
related to a standard value of Joint Committee on
Powder Diffraction Standards (JCPDS) with the file
number of 21-1271. This XRD pattern indicates the
presence of an anatase phase for TiO: [14,20,22].
Moreover, by using Scherrer equation for the main
diffraction peak as shown in Table 1, the estimated
crystallite  sizes of TiO: and [CusPzs]/TiO:2
photocatalyst composites were calculated with
different calcination temperatures. These results
showed that heat treatment slightly affects the
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crystallite size of pure TiOz. In contrast, the addition
of [CusPz3] has not affected structural properties of
the TiO2 in its composites. Otherwise, crystallite size
of TiO2 compared to the composites can be used to
indicate both the presence of their agglomeration
and distribution.
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Figure 2. XRD patterns of TiO, and [Cu3Pz;3]/TiO, at
different calcination temperatures.

Table 1. Analyses crystallite size of TiO: and
[CusPz3]/TiO: at different calcination temperatures.

Photocatalyst Crystallite size!

composites (nm)
TiO2-373 9.5
TiO2-473 12.3
TiO2-573 14.8
[CusPz3]/TiO2-373 9.6
[CusPz3]/TiO2-473 9.8
[CusPz3]/TiO2-573 9.7

1 Calculated using the Scherrer equation.

The morphology of TiO: and [CusPzs]/TiO:
was studied using FE-SEM measurement. Based on
FE-SEM images in Figure 3, the surface morphology
of modified [CusPz3]/TiO2 photocatalyst composites
showed almost similar properties to that of TiOx.
These results showed that [CusPzs] was dispersed
well at the surface of the TiO2 composites where it
was supported by its crystallite size of the
composites as shown in Table 1. Moreover, such a
small amount of complex will not affect the
morphology of the TiOz in their composites.

Photocatalytic activity of photocatalyst composites

The performance of TiO: and [CusPzs]/TiO:
photocatalyst composites was tested at ambient
temperature in 1 hour under UV light irradiation.
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Based on stability test under UV light irradiation
with [CusPz3] only and without photocatalyst,
degradation of 2,4-D was not occurred due to lack of
hydroxyl radical (*OH-). By using the equations 1
and 2 for the calibration curve, the performance of
photocatalyst composites can be evaluated for
percentages of degradation (conversion of 2,4-D to
other compounds, except 2,4-DCP) and removal
(decreasing of concentration of 2,4-D). the removal
can be used for determination of decreasing of
concentration of 2,4-D. The photocatalytic testing
results of the [CusPzs]/TiO2-373 photocatalyst
composite (Figure 4) showed that addition of
[CusPzs] was found to give significant highest
removal in 96% and degradation in 30% compared
to pure TiOz2 (49% and 10%, respectively). Moreover,
the photocatalytic activity of pure TiO2 also showed
an improvement with an increase of calcination
temperature due to the formation of more anatase
phase. This result indicated that the resulting
photocatalyst composites might have higher
crystallinity of TiO2due to the effect of calcination
temperature [15].

Figure 3. FE-SEM image for the morphology of a)
TiO2 and b-d) [CusPz3]/TiO: at different calcination
temperatures of b) 373, c) 473 and d) 573 K.

Based on photocatalytic of TiO2, it was
expected that the composites gave high activity due
to the effect of calcination temperature on the
crystallinity of TiO2 Surprisingly, [CusPzs]/TiO2
composites showed opposite results where the
activity slightly decreased after calcined at 473 and
573 K. These results might be due to the
decomposition of [CusPz3] at high temperature [17].
Hence, presence of [CusPzs] for delaying electron-
hole recombination by trapping the transferred

electrons with its columnar assembly [13,14] and
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suitable calcination temperature [15]

of pure TiOx.
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Figure 4. a) Removal and b) degradation percentage
of TiO2 and [CusPz3]/TiO: at different calcination

temperatures.
Conclusions

In conclusion, TiO2 and [CusPz3]/TiO:
photocatalyst ~ composites  were  successfully

prepared at different calcination temperature (373,
473, and 573 K) by using simple an impregnation
method. High calcination temperature slightly
affects the crystallite size of pure TiO2. In contrast,
the morphology and crystallite size of [CusPzs]/TiO:
photocatalyst composites were not much affected.
Both removal and degradation percentage of 2,4-D
for pure TiO:z increased from 49% to 86% and 10% to

24% when the calcination temperatures
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play an
important role for improving photocatalytic activity

were
increased from 373 to 473 K and 373 to 573 K.
[CusPz3]/TiO: photocatalyst composite calcined at
373 K showed the highest removal and degradation
of 2,4-D compared to other photocatalyst composites
with 96% and 30%. In contrast, as the calcination
temperature increased, the activity of [CusPzs]/TiO:
photocatalyst composites decreased. This work
demonstrated that modification of TiO2 with metal

Sabran et al., 2019

complex and suitable calcination temperature might
play an important role to enhance the degradation
of organic pollutants.
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entitled “Systematic Study of Calcination Temperature on
Photocatalytic Activity of Luminescent Copper(l) Pyrazolate
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In this report, luminescent composites [Cu;Pz;]/TiO, enable as a
semiconductor photocatalyst with a significant improvement on
photocatalytic activity for removal and degradation of 2,4-D. This higher
photocatalytic activity compared to TiO, is due to the presence of
columnar assembly for delaying electron-hole recombination between
valance and conduction bands. Indeed, calcination temperature is
important parameter to increase photocatalytic activity of photocatalyst
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EDITORIAL https://journal.hki.or.id/JICS

Indonesian Chemical Society (ICS) of Himpunan Kimia Indonesia (HKI) has decided to
start again its flagship publication through Journal of the Indonesian Chemical Society (J. Idn.
Chem. Soc. or JICS) and Proceeding of the Indonesian Chemical Society (Proc. Idn. Chem. Soc.
or PICS). Since the first volume and issue of JICS on April 2006 for the printed version, other
volumes have not yet been published again so far. Hence, JICS and PICS have been decided to
be published again through the electronic version with the web address of https://journal.hki.or.id.

JICS with web address of https://journal.hki.or.id/JICS is the flagship international e-
journal for publication of any scientific articles as recent research progress, review, mini
review, full paper and communication, consisting all aspects of chemistry fields or chemical
sciences with high originality and impact through out a double-blind peer-review process. JICS
will publish three issues annually in April, August and December with a free "Article
Processing Charge". In order to enhance publication, JICS involve editorial teams consisting of
editor-in-chief, vice editor-in-chief, journal manager, managing editors, section editors, national
and international advisory editors, copyeditors, layout editors, and administration support. It is
expected that JICS will be a good journal in chemistry fields or chemical sciences.

The second volume and first issue in August 2019 provides 7 articles consisting of 1
recent research progress, 1 review, 1 mini review, 3 full papers and 1 communication. It
involves authorships from 6 countries such as Indonesia, Malaysia, Japan, India, Taiwan
and Nigeria. All peer-reviews are performed in double blind process that used 2 reviewers from
different institutions for evaluation of each manuscript after completed the first assessment by
the Editor-in-Chief or Vice Editor-in-Chief in the plagiarism check (similarity index using
Turnitin). Upon accepted, the manuscript will follow the copyedited by copyeditors and then
layout edited by layout editors for the production process. Moreover, each published article will
be indexed in Google Scholar and it will have DOI number with specific prefix.

With this JICS publication, it will contribute to the advancement of chemical sciences in
Indonesia and in the region.

Malang, 31 August 2019
Hendrik Oktendy Lintang

JICS Editor-in-Chief

Published by Indonesian Chemical Society
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Recent Research Progress
Recent Advances in Injectable Hydrogels for Biomedical Applications 1-6

Eko Adi Prasetyanto*
Department of Pharmacy, Faculty of Medicine and Health Sciences,
Atma Jaya Catholic University of Indonesia, Indonesia

J. Idn. Chem. Soc. 2019, 02(1), 1-6 , DOI: 10.34311/jics.2019.02.1.1

A’ monomer 1 { 7 ) Hydrogel is one of the best 3D scaffold materials
7~ monomer 2 / \ \ s and become a trending research field in the area
@ nanoparticles | f N of regenerative medicine and tissue/bone
@ active agents 1 ’ ® e engineering. In this manuscript, author
:Ztri';‘sce"s BN Y describes recent development in the area of

’ NN Injectable Hydrogels. Compared to other

' =/ = reports, this article distinctively focuses on the

general requirements to synthesize an ideal

. . '\ i X injectable hydrogel for biomedical applications.
Injectable Liquid —~ = Insitu gelation

Review

Microfluidics Era in Chemistry Field: A Review 7-23
Yehezkiel Steven Kurniawan®, Arif Cahyo Imawan, Sathuluri Ramachandra

Rao, Keisuke Ohto, Wataru Iwasaki, Masaya Miyazaki, and Jumina

Ma Chung Research Center for Photosynthetic Pigments,
Universitas Ma Chung, Indonesia

J. Idn. Chem. Soc. 2019, 02(1), 7-23 , DOI: 10.34311/jics.2019.02.1.7

DNA pmedical Applicatio A Microfluidic  field has been thoroughly

raiiication Eahrication investigated and applied for chemistry field,
> el P’ especially for separation, purification,
! & qualitative and quantitative analysis, and
Photocatalvst 3 = > ar il . . .
4 & Separation biomedical field.
4 c' mtinuous-Flow Microfluidic  Droplet-Based Microflwidic | 0
\/! — i
- "' H Continunus-Flow Microlaidic Digital Micraflwidic
Single Molecule Drug Screcning

Published by Indonesian Chemical Society 1
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Mini-Review
On the Renewable Polymers from Agro-industrial Biomass: A Mini-Review 24-41
Roswanira Abdul Wahab*, Jacob Adikwu Gowon, and Nursyafiqah Elias

Department of Chemistry, Faculty of Science,
Universiti Teknologi Malaysia, Malaysia

J. Idn. Chem. Soc. 2019, 02(1), 24-41 , DOI: 10.34311/jics.2019.02.1.24

e This mini review highlights the potential use of
renewable polymers obtained from agro-
industrial biomass. Three major natural
polymers are discussed, namely the organic-
based biomass cellulose and chitin/chitosan, as
well as the inorganic, silica (SiO2). This is
followed by discussions on sources of these
natural polymers, including techniques of their
o isolation and purification, as well as the current
applications of the cellulosic, chitin and biogenic
silica-based composites.

Si0, Lo

Full Papers
Antibacterial and Biofilm Degradation Activity of Extract from Steam 42-47

Distillation Residue of Zingiberaceae Leaves Against Streptococcus mutans
Irmanida Batubara®*, Dian Yunita, and Irma Herawati Suparto

Department of Chemistry, Faculty of Mathematic and Natural Sciences,
IPB University, Indonesia

J. Idn. Chem. Soc. 2019, 02(1), 42-47 , DOI: 10.34311/jics.2019.02.1.42

Extract from the steam distillation residue of

Five distillation

ality analysis o . .
residue of Arkd o TV moisture e ash Zingiberaceae leaves was used as antibacterial
Zingiberaceae PoCes content < o . .
SRR e and biofilm degradation agent against
e Soxhletation . . P
= ‘ Streptococcus ~ mutans using  microdilution
$i= e ¢ ckiexine extract * Total phenoic content technique. The methanol extract of C. zeodoaria
A »  EtOAc extract * = Antibacterial activity 1 . . . P
) eaves shows the highest antibacterial activi
e + MeOH extract * Biofilm degradation activity i & ty
- with MIC and MIB vaues of 15.63 ppm and the
—

best to degrade the biofilm with inhibitory
concentration 50% (ICso0) of 15.33 ppm.

Curcurna domesticn  Carcs Curcuma aeruginesa  Zingily

The best extracts: C, zadaaria MeOH extract with
* MIC = MBC = 1563 pg/mL against 5. mutans
* [Cap of S. mectans biofilm degradation - 15,33 pg'mlL (-}~ zingiberene

Published by Indonesian Chemical Society 2
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Synthesis and Characterization of Activated Carbon from Sago Waste
(Metroxylon sagu) with ZnClz Activation and HNOs Modification
Yanti Kiding Allo, Sudarmono, and Octolia Togibasa*

Department of Physics, Faculty of Mathematics and Natural Sciences,
Universitas Cenderawasih Jayapura, Indonesia

J. Idn. Chem. Soc. 2019, 02(1), 48-53 , DOI: 10.34311/jics.2019.02.1.48
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From the series of processes of carbonization,
activation with  ZnCl;, and
modification using 1.5 mL of HNOs of
lignocellulose contained in sago waste, it
provides the modified-activated carbon samples
with XRD pattern (left) for exfoliated graphite
crystals. Moreover, SEM image (right) for this
sample

extraction,

shows nanoporous particles with
regular homogeneous shapes in the range of 200

nm in size.

Systematic Study of Calcination Temperature on Photocatalytic Activity of

Luminescent Copper(I) Pyrazolate Complex/Titanium Oxide Composites
Nurul Husna Sabran, Leny Yuliati, Siew Ling Lee, and Hendrik O. Lintang*
Department of Chemistry, Faculty of Science and Technology,

Universitas Ma Chung, Indonesia

J. Idn. Chem. Soc. 2019, 02(1), 54-59 , DOI: 10.34311/jics.2019.02.1.54
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Luminescent composites [CusPzs]/TiO2 enable
as a semiconductor photocatalyst with a
significant improvement on photocatalytic
activity for removal and degradation of 2,4-D.
This higher photocatalytic activity compared to
TiO:2 is due to the presence of columnar
delaying electron-hole
recombination between valance and conduction
bands. Indeed, temperature is
important parameter to increase photocatalytic
activity of photocatalyst composites.
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Application of Lecithin-templated Mesoporous Silica Microparticles for
the Specific and Selective Removal of Phospholipids
David Marikah, Lee Wah Lim*, and Toyohide Takeuchi

J. Idn. Chem. Soc. 2019, 02(1), 60-65 , DOI: 10.34311/jics.2019.02.1.60

OR

CTAB Lecithin ‘Mini Column_

; -

UV/Vis Analysis

Published by Indonesian Chemical Society

Calcination
550°C,8h

Lecithin was wused as the template, in
comparison to the conventional
cetyltriammonium salts (CTAB was used in this
study), in synthesizing mesoporous silica
microparticles for the selective adsorption of
phospholipids. The synthesized materials
revealed good textural and porosity properties,
which found to be effective in dictating the
phospholipids quantities adsorbed during the
column breakthrough studies.
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