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J. Org. Chem., 2018, 83, 765-782.
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e Euro. J. Org. Chem., 2019, 42, 7050-7057.
e Euro. J. Org. Chem., 2019, 16, 2759-2766.
e J. Org. Chem. 2019, 84, 23, 15131-15144,
e Org. Chem. Front., 2018, 5, 1928-1932.

e Org. Biomol. Chem., 2018,16, 7050-7054.
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ARTICLE INFO ABSTRACT

Keywords:
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Miyaura borylation
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One-pot reaction

Palladium scalability.

Facile and economical method for Miyaura borylation reaction between B,pin, and aryl bromides is reported.
The catalytic system containing 2 mol% PdCl,(PPhs), and KOAc serves to enable borylations to occur under
solvent-free and atmospheric conditions. The developed protocol can be applied to synthesize symmetrical and
unsymmetrical biaryls via one-pot two-step Suzuki-Miyaura cross-coupling reaction and also offers the up-

1. Introduction

Aryl boronic acids and their derivatives have great potential in
many applications such as organic synthesis for the formation of C—C
and C—X (X=heteroatom) bonds, organic electronics, bioimaging and
pharmaceutical applications [1-4]. The traditional method for their
synthesis is the reaction of trialkyl borates with organolithium or or-
ganomagnesium [5]. However, this method is difficult to handle and
incompatible with functional groups sensitive to base, air and moisture.
Transition metal-catalyzed Miyaura reaction of boron nucleophiles is an
alternative and convenient route to such boronic ester and their deri-
vatives. Although numerous palladium-catalyzed methods have
emerged for the conversion of aryl halides to the corresponding aryl
pinacol boronated esters [6-14], the system requires an air-sensitive
technique, expensive bulky ligands, and purification of solvent and
substrates. Therefore, preparations of aryl boronic ester from aryl ha-
lides (bromide, chloride) via a mild and environmentally friendly pro-
tocol are challenging.

A list of Miyaura borylation protocols under mild conditions re-
ported in literature is shown in Table 1. A few reports involve expensive
ligands (conditions A and B) [15] and harmful solvent (condition F)
[18]. Some of them still face the difficulties of phosphorus ligands
(conditions C and D) [16]. A more environmentally friendly approach
using PEG-600 allows cross-coupling of aryl bromides, however, under
an inert atmosphere (condition E) [17].

In continuation on the development of Pd catalytic systems, we

reported a straightforward, environmentally friendly and economical
method for the synthesis of aryl boronate ester from aryl bromides and
Bopin, using simple and moisture-insensitive palladium complexes
under solvent-free and atmospheric conditions. In addition, we per-
formed one-pot two-step preparation of symmetrical and un-
symmetrical biaryls from aryl bromides by Miyaura borylation, fol-
lowed by Suzuki-Miyaura cross-coupling reaction.

2. Material and methods

All reagents were purchased from commercial sources (Aldrich,
Merck and TCI Chemicals) and used without further purification. 1,4-
Dioxane and tetrahydrofuran (THF) were distilled from sodium and
sodium benzophenone ketyl under argon. Thin-layer chromatography
(TLC) was performed with aluminum-backed silica gel 60 Fas4 analy-
tical plates from Merck. Column chromatography was performed using
Merck silica gel 60 (70-230 mesh). NMR spectra were recorded on
Bruker Ascend 400 spectrometer. Chemical shifts (8) for 'H, '3C, and
B NMR were reported in ppm relative to CDCl;. Chemical shifts for
1B were reported relative to external BF3.0Et, (§ = 0 ppm). Coupling
constants (J) were reported in Hz. Gas chromatography analysis was
performed on Agilent technologies 6890A equipped with a flame io-
nized detector and HP-1 capillary column (stationary phase: 100% di-
methylpolysiloxane, 30 m X 0.32 mm X 3.00 pum film thickness) using
helium as a carrier gas.

* Corresponding author at: Department of Chemistry and Center of Excellence for Innovation in Chemistry (PERCH-CIC), Faculty of Science, Mahidol University,
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Mixtures of cellulose acetate (M.W. ~3 x 10* g/mol) dissolved in 75% v/v acetic acid in water (17% w/w) and
ground anatase titania particles with diameters of 197 = 75nm (0%, 5% and 10% w/w) were electrospun at
17 kV with a fiber collection distance and a feed rate of 10 cm and 0.6 mL/h. Then, the fiber was treated with
0.5M potassium hydroxide in ethanol. Rough regenerated cellulose (RC)-titania separators with diameters of
~310nm and uniformly dispersed titania particles showed ~78% porosities. They decomposed at 300 °C,
higher than the decomposition temperature of polyethylene separators (220 °C). Added titania particles in-

creased the electrolyte wettability and lithium transference number (from 0.22 to 0.62). RC — 10% titania se-
parator retained the capacity with 79 mA h/g after 30 cycles and had excellent discharge capacity. These fas-
cinating properties make RC-titania separator promising for lithium ion battery.

1. Introduction

Nowadays, lithium-ion batteries (LIBs) are widely used dramatically
in mobile devices, transportation and electricity generation from en-
vironmentally—friendly sources such as sunlight and wind due to their
high energy density and relatively light weight (Kojima, Ishizu, Horiba,
& Yoshikawa, 2009; Ryou, Lee, Park, & Choi, 2011; Wei et al., 2011).
However, the safety of LIBs is still of concern. A separator in the battery
affects the safety of LIBs directly because it isolates cathode and anode
from contact, which causes internal short circuits. It also plays an im-
portant role for ionic channeling through the cell via microspores filled
with electrolytes (Jeong, Choi, Lee, & Kim, 2012). In addition, an ionic
conductivity of a separator affects the cell’s Ohmic polarization which is
important in harsh charge — discharge conditions such as high voltages
and high current densities (Kim et al., 2013).

Normally, a separator in LIBs is made from polyethylene (PE) and
polypropylene (PP) (Arora & Zhang, 2004; Zhang, 2007) because PE
and PP are inexpensive and can be produced in a large volume. How-
ever, they possess several drawbacks. They have low electrolyte wett-
ability and low porosity which makes them low in electrolyte wett-
ability and, thus, low in the ionic transport through the cell. Also, they
have high thermal shrinkage which is difficult to ensure the battery

isolation through critically electrical condition (Cao, Tan, Liu, Ma, & Li,
2014; Fu, Luan, Argue, Bureau, & Davidson, 2012; Miao, Zhu, Hou, Xia,
& Liu, 2013).

Solid electrolytes with enhanced safety were also developed. For
example, poly(propylene carbonate)-based solid polymer electrolyte
with high ionic conductivity, wide electrochemical window, and good
mechanical strength (Zhang, Zhao et al., 2015). Then, two years later,
free-standing poly(propylene carbonate)/Li¢ 75LazZr; 75Tagp 25012 com-
posite solid electrolyte with high ionic conductivity (5.2 x 10~*S/cm)
at 20 °C, wide electrochemical window (4.6 V), high ionic transference
number (0.75), satisfactory mechanical strength (6.8 MPa) and good
rate capability (5 C) at 20 °C was fabricated (Zhang et al., 2017). Also,
heat-resistant (up to 150 °C) alginate nonwoven separator for high-
voltage (5 V) lithium batteries with good mechanical property (37 MPa)
and high ionic conductivity (1.4 x 10~ 3S/cm) was also prepared (Wen
et al., 2017).

Cellulose, the most abundant natural polymer in the world, has high
decomposition temperature, and has excellent electrolyte wettability
because it is hydrophilic which could enhance ionic conductance
through the cell (Zhang et al., 2012; Zhang, Liu, Cui, & Chen, 2015). In
addition, processing cellulose in the form of nonwoven mats can solve
the problem on low porosity of commercial separators (Cho et al.,

* Corresponding author at: Materials Science and Engineering Program, Faculty of Science, Mahidol University, Rama VI Road, Ratchathewi, Bangkok, 10400, Thailand.

E-mail address: thammasit.von@mahidol.ac.th (T. Vongsetskul).

https://doi.org/10.1016/j.carbpol.2018.01.077

Received 26 August 2017; Received in revised form 22 January 2018; Accepted 23 January 2018

Available online 31 January 2018
0144-8617/ © 2018 Published by Elsevier Ltd.


http://www.sciencedirect.com/science/journal/01448617
https://www.elsevier.com/locate/carbpol
https://doi.org/10.1016/j.carbpol.2018.01.077
https://doi.org/10.1016/j.carbpol.2018.01.077
mailto:thammasit.von@mahidol.ac.th
https://doi.org/10.1016/j.carbpol.2018.01.077
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2018.01.077&domain=pdf

Published on 17 October 2017. Downloaded by Mahidol University on 7/19/2020 10:09:24 AM.

ChemComm

W) Check for updates ‘

Cite this: Chem. Commun., 2017,
53, 12108

Received 24th August 2017,
Accepted 17th October 2017

DOI: 10.1039/c7cc06647c

rsc.li/chemcomm

Pyrene functionalized silsesquioxane cages (PySQ) not only provide
significant fluorescence from pyrene—pyrene excimers with a very
large Stokes shift (AL = 143 nm, 69930 cm™) in DMSO but also
exhibit fluoride capture results coincidentally with a n—=n* fluores-
cence enhancement. On the other hand, PySQ-F~ in THF signifi-
cantly exhibits n—n* fluorescence quenching and a color change can
be observed with the naked eye from light yellow to deep orange by
forming a charge-transfer (CT) complex among the pyrenyl rings.
Moreover, PySQ selectively captures F~ with a response time
of <2 min and with a very low detection limit (1.61 ppb), while
19F NMR is used to confirm encapsulation of F~ with Aé = 19 ppm.

Silsesquioxanes (SQs) are classified as hybrid inorganic-organic
materials with the empirical formula RSiO;z,, where R is an
organic group, e.g. aryl, alkyl or vinyl. Typically, SQs can exist in
many structural forms (e.g., random, ladder, and cage-like struc-
tures). However, cage-like octameric structures (Tg) are among the
most promising starting points for further elaboration,' and are
used widely in many applications: bioconjugations,” electronics,’
catalysis, and nanocomposites.” A conventional method to pre-
pare a silsesquioxane cage is to use catalytic tetrabutylammonium
fluoride (TBAF) (<5 mol%).® For example, Laine et al. used F~ to
cleave Si-O-Si bonds that can turn polysilsesquioxanes into SQ
cages.”” They have exquisitely explained that the cage reformation
definitely involves multiple steps of complex formation and
intermediates leading to complex equilibria.”” On the other hand,
higher concentrations of F~, e.g., >50 mol%, and TBAF can lead
to SQ encapsulated F~.°

“ Department of Chemistry, Center of Excellence for Innovation in Chemistry
(PERCH-CIC), and Center of Intelligent Materials and Systems, Nanotec Center of
Excellence, Faculty of Science, Mahidol University, Rama VI road, Ratchathewi,
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Silsesquioxane cages as fluoride sensorst
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Sasikarn Hanprasit,” Manlika Masik,® Nicha Prigyai® and Suda Kiatkamjornwong®®

Considering the silsesquioxane cage as a model, molecular
modeling suggests that there is a void within the cage that may
be accessible to trap small ions.® However, until recently, there
was no experimental evidence that such trapping could occur
until Pach and Stosser demonstrated that y-irradiation patterns of
H, Ty led to hydrogen-encapsulated Ty cages.'® Then, Bassindale
and Taylor used TBAF to prepare cubic SQs,* coincidentally
discovering F~ encapsulation. Later, Bowers et al. investigated
F~ encapsulated in SQs by using mass spectrometry.®”?

As a consequence, we sought to attach fluorophores to an SQ
cage starting from octavinylsilsesquioxane (OVS) as a model
study of fluoride encapsulation. This fluorescent POSS capsule
may not only be key to solve the mystery of fluoride encapsulation,
but fluoride sensing is also obtained as a side result. The fluoride
ion is one of the typical biological anions in the human body and
most bones contain fluoride in the form of fluorapatite.'" The
consumption of only a suitable amount of fluoride is recom-
mended, and excessive fluoride intake is the main cause of several
dental and skeletal diseases.”” Traditional methods used to
investigate fluoride sensing include the electrode method, NMR
analysis, and chemosensors. However, upon comparing those
among methods, fluorometric or colorimetric methods are the
most practical, with simple preliminary screening and less instru-
mental analysis compared to others."® It is worth mentioning that
one popular type of fluoride chemosensor uses the chemical
benefits of thermodynamically stable Si-F and B-F."*

Herein, pyrene functionalized silsesquioxane cages (PySQ) were
successfully synthesized, which can provide different fluorescence
properties depending on the polarity of the solvent. For example,
PySQ in DMSO potentially generates a significant fluorescence of
the pyrene-pyrene excimer through space, while n-n* fluorescence
emission of PySQ in THF can be dominant. Upon the addition
of the fluoride ion, the highly negatively charged F~ was pulled
into the confined silsesquioxane cage through the electrostatic
interactions of electron deficient elements (ie., silicon).'®
Subsequently, the fluoride ion was centralized within a silses-
quioxane cage, which can also compress the cage.® Therefore,
fluorescence responses of PySQ to F~ in DMSO and THF can

This journal is © The Royal Society of Chemistry 2017
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Highly water-soluble material of multi-imidazolium based silsesquioxane cages (material 2) is a promising
candidate for modifying clay mineral interlayer space, which is successfully demonstrated by using montmor-
illonite. The modified montmorillonite can be easily prepared via cation exchange reaction between material 2
and sodium ions of montmorillonite, dispersed in an aqueous solution at room temperature. The modified
montmorillonite formed a precipitate within a few seconds. A single layer of material 2 found to be intercalated
in the modified montmorillonite with a maximum interlayer space (d-value) of 18 A (1.8 nm) from 13 A (1.3nm)
of the unmodified one was confirmed by transmission electron microscopy (TEM) and X-rays diffraction (XRD).

Moreover, the percentage uptake and nature of incorporation of material 2 into montmorillonite layers were
investigated by thermal gravimetric analyses (TGA), >°Si NMR and FT-IR spectroscopies.

1. Introduction

Nanocomposite material has received high attentions of many re-
searchers due to its versatile applications and outstanding properties
such as flame retardant (Beyer, 2002), conducting materials (Riaz et al.,
2015) or capacitors (Dahou et al., 2016). From all of the nanocompo-
sites, polymer clay nanocomposite is the most interesting one, since
clay mineral is consistently available at a very low price. Na-mon-
tmorillonite with easy modifiable properties become in the pool of re-
searchers interesting, there are new interesting modifications on mon-
tmorillonite, for example, bacteria deactivation (Qin et al., 2018),
corrosive protection (Contri et al., 2018) or supercapacitor (Zhang
et al., 2018). Yei et al. (2004) and Kuo and Chang (2011) successfully
prepared a modified montmorillonite using aminopropylsilsesquioxane
in acid to intercalate the clay mineral, which the XRD results confirmed
that after the modification, the interlayer space between layers of the
modified montmorillonite was increased in comparison with the pris-
tine one. This work well demonstrated that using polyhedral oligomeric
silsesquioxane (POSS) as nanofiller was a much better way than the
organic fillers such as ammonium salt of cetylpyridinium chloride
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(CPCQ). For example, POSS-ILs based SPEs (Solid Polymer Electrolytes)
would be a good candidate to replace the conventional organic liquid
electrolytes for lithium ion batteries (Shang et al., 2018) and for fuel
cells (Zhang et al., 2013). Because of its thermal stability and low vo-
latility at high temperature up to 300 °C, thanks to the POSS structure
with rigidity by the cage can improve strength of the whole structure
(DeArmitt and Wheeler, 2008).

Montmorillonite (Mt) has long been considered inexpensive and
naturally available nanomaterial, widely used in various applications as
a performance enhancer of organic materials such as adhesive (Kajtna
and Sebenik, 2009), sealant (Richardson et al., 2011), and reinforcing
filler (Spencer et al., 2010). Recently, much attention has focused on
incorporation of montmorillonite into polymer-clay nanocomposites to
improve their mechanical and physical properties yet the polymer
processing has some limitations from the aggregation of montmor-
illonite to cause low dispersion and exfoliation in polymer network
during the polymerization and melting process. Accounting for these
challenges, the imidazolium salts based-ionic liquids were firstly proved
by Kim et al. (2006) to sufficiently intercalate into the interlayer spaces
of clay mineral, hence improving dispersion, exfoliation, and
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Abstract. Tin-doped indium oxide or indium tin oxide (ITO) has many promising uses in
applications, such as, transparent conductive oxides, flat panel displays, and energy-saving
windows. In this work, nanorice particles of tin-doped indium oxide (ITO) were obtained by a
simple sol-gel method. Indium salts and stannous fluoride precursors were mixed ultrasonically in
an aqueous medium. The crystallinity and chemical bonds were studied by X-ray diffraction (XRD)
and Fourier-transform infrared spectroscopy (FTIR). FTIR spectra before calcination showed the
characteristic bonds of In-OH and Sn—OH at 1160 cm and 1380 cm’, respectively. After
calcination at 400°C for 2 h, these characteristic bonds disappeared, confirming the formation of
crystalline oxide. Moreover, scanning electron micrographs revealed well-defined structure, called
nanorice, emerging from controlled crystal growth at 85°C for 90 min. The particle size of ITO was
approximately 500 nm in length and diameter of 150 nm. The effect of crystallinity was studied by
UV absorbance and NIR reflectance. These demonstrated promising results for use as energy-
saving windows.

Introduction

Growing global warming awareness has led to a mission to reduce fossil fuel usage and
electricity, and to the design of buildings and vehicles with better energy consumption efficiency
[1]. Building energy consumption accounts for 30% of the primary energy demand in many South
East Asia countries [2]. Designing how to save energy in a building is necessary for reaching a
sustainable environment. Windows in buildings are the main reason for heat transfer between the
inside of the buildings and the surroundings. Generally, glass windows without coated films, allow
ultraviolet light (UV), visible light (Vis), and infrared radiation (IR) to be transmitted. Infrared
radiation responsible for the transfer of heat from the sun, so overheating the interior. Thus,
blocking the infrared region of the spectrum is required to decrease heat transfer into a building so
reducing energy consumption and saving money. Coating materials for energy saving windows
involve many technologies Examples are, thermochromic [3, 4], electrochromic [5, 6], suspended
particle [7], liquid crystal [8, 9], and low-emissivity (low-E) coatings [10-14].

Low-E coating is one process for energy saving windows. The requirement is to prevent IR
radiation from the sun entering the building without losing the visible transmittance, i.e., still being
able to use the natural light. The key to a low-E coating is to reduce the heat transfer from thermal
radiation [15]. Low-E coating can be classified into two categories: high solar gain low-E and low
solar gain low-E. The high solar gain low-E coating is good for cold weather countries since it
allows both visible and near-infrared (NIR) transmission into the building and reduces heat loss
from the interior. On the other hand, low solar gain low-E coating is suitable for hot weather
countries as the NIR is reflected to the surroundings and keeps the building cool. Multilayer

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#524571966, UCONN Homer Babbidge Library, Storrs, USA-04/01/20,21:23:45)
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Influence of catalyst nuclearity on copper-
catalyzed aerobic alcohol oxidation+

Nuttaporn Krittametaporn,® Teera Chantarojsiri, & Arnut Virachotikul,”
Khamphee Phomphrai, ©° Naoto Kuwamura, & € Tatsuhiro Kojima,®
Takumi Konno 2 € and Preeyanuch Sangtrirutnugul (2 *@

Reactions of CuX with the bis(triazolyl) ligand Hbtm [bis(1-benzyl-1H-1,2,3-triazol-4-yl)phenylmethanol]
in CH,Cl, afforded trinuclear copper(i) complexes with a core structure (p-X)CU3(p-K3-N,O,N-btm)3(|_)2+
[X=Cl L=CHzOH (1); X = Br, L = H,O (2)], while a similar reaction of [Cu(CH3zCN)4](PFg) with the mono
(triazolyl) ligand HPhtm [(1-benzyl-1H-1,2,3-triazol-4-yl)diphenylmethanol] resulted in the mononuclear
complex [Cu(k®-N,O-Phtm)(x2-N,O-HPhtm)(k*-N-HPhtm)][PF¢] (3). The structural characterization of
these complexes was made by single-crystal X-ray crystallography in combination with elemental and ESI
mass analyses. Catalytic studies toward aerobic oxidation of benzyl alcohol to benzaldehyde revealed that
the trinuclear 1 and 2 exhibited higher activities than the mononuclear 3 in both CHzCN and EtOH/H,O

rsc.li/dalton solvent systems.

Introduction

Copper-containing metalloproteins including binuclear copper
enzymes (i.e., tyrosinase and catechol oxidase) and multinuc-
lear copper enzymes (i.e., laccase and ascorbate oxidase) are
known to be involved in O, activation and catalytic oxidation
reactions.' In particular, it has recently been proposed that
multiple copper active sites efficiently facilitate multi-electron
transfer involved in a number of catalytic redox reactions. For
example, the active site of the enzyme laccase features a type 2/
type 3 trinuclear copper cluster that catalyzes 4-electron
reduction of O, to H,0.> Given their prominent roles in bio-
logical catalysis, polynuclear copper complexes that mimic the
active sites of these oxidase enzymes represent promising
targets for the design of novel copper catalysts. However,
despite the extensive study of various copper-containing
oxidases, only limited examples of multinuclear Cu catalysts

“Center of Excellence for Innovation in Chemistry (PERCH-CIC), Department of
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for alcohol oxidation reactions have been reported. In 2010,
Zhang and co-workers showed that a mixture of CuCl,-Cs,CO;
in toluene and 1,2-dichloroethane produced the trinuclear
intermediate [Cuj;(us-OH)(5-C1)]**, which was catalytically
active toward aerobic alcohol oxidation of benzyl alcohol
derivatives to the corresponding aldehydes.® More recently,
Zhang’s research group has isolated a tetranuclear copper(u)
cluster featuring a Cuy(p,-O)Clg core with four 4-dimethyl-
aminopyridine (DMAP) ligands binding to each Cu center
from a mixture of CuCl,/TEMPO/DMAP (TEMPO = 2,2,6,6-tetra-
methylpiperidinyl-1-oxyl) and benzyl alcohol in a CH,Cl,~
MeOH solution. This tetranuclear Cu cluster exhibited catalytic
activities toward aerobic oxidation of benzyl alcohol in water
in the presence of TEMPO/DMAP." The same research group
has also reported the synthesis of chiral tetranuclear and
dinuclear copper(n) complexes with core structures of
{Cuy(p-0),(p5-0),N,0,} and {Cu,(p-O),N,0,}, respectively.
Catalytic studies toward alcohol oxidation revealed that the
tetranuclear complexes are better than the dinuclear analogues
in terms of yields and turnover numbers (TONs). However, it
remains inconclusive whether the difference in the activities
stems from the difference in coordination environments
around each copper(u) center or core nuclearities.”

Meanwhile, the catalyst systems of Cu' or Cu"/bpy/TEMPO/
base (bpy = 2,2"-bipyridine) for alcohol oxidation have pre-
viously been investigated in detail.*” In accordance with
kinetic and DFT studies, both mononuclear and dinuclear
copper intermediates have been proposed as active species in
the catalytic oxidation reactions.®® Previously, our group has
reported several copper(n) catalyst systems supported by tri-

This journal is © The Royal Society of Chemistry 2020
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Polyhedral oligomeric silsesquioxane (POSS) was ultilized as a core and functionalized with the
rhodamine hydrazide receptors for incresing the sensitivity of Hg?* sensing. The POSS sensor (T;oRh) was
synthesised, and its sensing behaviors toward metal ions were investigated by UV/Vis and fluorescence
spectroscopy. The sensor provided chromogenic and fluorogenic changes upon Hg?* detection as well as
served as a “naked-eye” indicator by a noticeable color change of the aqueous solutions (from colorless to
pink-red color). The selective binding resulted in the change in the structures from the spirolactams (non-
fluorescent forms) to the non-cyclic forms (fluorescent forms) of T;oRh as indicated by the OFF-ON
fluorescence signal upon Hg?* binding and was shown to discriminate Cu?*, Ag*, Pb%*, AI3*, Cd?*, Mg?*,

Keywords:
Colorimetric sensor
Fluorescence sensor

l’yg’;;ury Ni2*, Fe?*, Co?*, Mn?*, Zn?*, Li*, Na*, Ba%*, Ca?* and K*, with ultra detection limit of 0.63 ppb which was
Silica lower than drinking water permission concentrations by the United States Environmental Protection

Agency (U.S. EPA) and World Health Organization (WHO).

Silsesquioxane

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Over the past decades, toxic heavy metal ion contamination has
an enormous influence on the environment, human health and
other living species upon exposure even at low concentrations.
Mercury has been considered as one of the most hazardous heavy
metal [1-3]. The accumulation of mercury in humans can lead to
the permanent damage of tissues, DNA, and central nervous
system as well as Minamata disease [3]. Accordingly, monitoring of
Hg?* concentrations in biological and environmental samples is a
field of prime importance.

Fluorescence chemosensors can provide rapid and prompt
detections as well as real time tracking of several analytes
including cations [4-6], anions [7,8], and small molecules
[9-11]. Rhodamine B fluorophore have been intensively used as
fluorescence chemosensors for mercury ions detections. However,
many of them have drawbacks in terms of selectivity, sensitivity,
high detection limits or they could not operate in aqueous
solutions due to high hydrophobicity of the rhodamine [12-14].
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Nevertheless, the utilization of the configurational change from
rhodamine B spirolactam (non-fluorescence) to the ring opened
amide (fluorescence) process upon ion binding could provide
valuable information, and could be observed as both “turn-on”
fluorescence emission and visually colorimetric change.
Recently, organic-inorganic hybrid materials can be used as a
colorimetric sensor for Hg?* preliminary screening in aqueous
samples such as organosilicate and nanoparticles [15-19].
However, incorporation of the sensing molecules, which contained
rhodamine B hydrazide, on the surface of silica support, resulted
in limited sensitivity due to the surface area dependent effect for
metal ion detection. Alternatively, immobilization of the
rhodamine-based receptor (RB-Si) on the high surface area and
large open pores of flexible fibrous silica spheres could significant-
ly improve the Hg?* detection sensitivity [20]. Potentially, these
types of chemical sensors may allow a real-time measurement of
metal ion in various applications (e.g. medicine and environment).
Meanwhile, polyhedral oligomeric silsesquioxanes (POSS) or
cage-like silsesquioxanes (SQ) are well known as the smallest
nanosilica in a cage-like hybrid framework, consisting of inorganic
(Si-O) core and reactive organic functional groups [21-24].
Moreover, their organic substituents on POSS can be further
modified by conventional organic reactions [25-27]. The formation
of POSS can be directly prepared through the hydrolytic
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One-step Preparation of Carbon-based Solid Acid Catalyst from
Water Hyacinth Leaves for Esterification of Oleic Acid and

Dehydration of Xylose
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/Abstract: Carbon-based solid acid catalysts were successfully
obtained via one-step hydrothermal carbonization (HTC) of
water hyacinth (WH) in the presence of p-toluenesulfonic
acid (PTSA). Increasing the HTC temperature from 180 to
240°C resulted in carbonaceous materials with increased
sulfur content and less adsorbed water. The material ob-
tained at 220 °C (WH-PTSA-220) contains the highest amount
of acid sites and promotes the highest initial rate of two
transformations, that is, methanolysis of oleic acid and dehy-
dration of xylose to furfural. While all PSTA-treated WH cata-

lysts gave comparable fatty acid conversions (=97 %) and\
furfural yields (~60%) after prolonged reaction times, the
WH-PTSA-240 system bearing a relatively low acid density
maintains the most favorable reusability profile. Higher HTC
temperatures (220-240°C) improved the catalyst reusability
profiles due to graphitization and hydrophobicity of the
carbon surface. The catalyst systems derived herein from
biomass may have potential applications in biorefining plat-
forms, utilizing the conversion of waste biomass to chemi-

cals.
)

Introduction

The shift from petroleum (e.g. crude oil and natural gas) to
sustainably produced liquid fuels and fine chemicals from re-
newable carbon resources (i.e. biomass) requires new conver-
sion technologies. In the case of biorefining, these technolo-
gies should be environmentally benign, and if possible utilize
feedstock components to enhance sustainability metrics. Plant
derived biomass typically requires depolymerization of cellulo-
sic/lignocellulosic components into sugar monomers (e.g. glu-
cose and xylose) which can be fermented to produce bio-alco-
hols, or catalytically converted into various carbon-based fuels
and chemicals through intermediates (e.g. furfural, 5-hydroxy-
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methylfurfural (HMF), and levulinic acid) by acid-catalyzed de-
hydration." Acid catalyst systems are also important for the
production of oleochemicals from free fatty acids (FFAs), in-
cluding the esterification of FFA in low-quality triglyceride
feedstocks (e.g. waste cooking oils) for biodiesel production
prior to transesterification.”

Although liquid mineral acids (e.g. HCl, H,SO,, and H;PO,)
are cheap and often effective for catalyzing the above process-
es, storage, use and transportation of these reagents is a con-
cern due to their corrosive nature. Recovery, and re-use from
homogeneous systems is difficult, and safe disposal is also a
major concern impacting the environmental footprint of chem-
ical industries. These factors give credence to the use of solid,
easily separable and re-usable heterogeneous acids for the sus-
tainable production of biofuels and chemicals.”

Carbon is an attractive support material for solid acid cata-
lyst systems due to its stability, availability, and ease of func-
tionalization.™ Its derivation from biomass such as forest resi-
dues, weeds, and agricultural waste, allows for the catalyst
preparation step to be integrated into biorefinery systems. As
an example, carbon bearing strong Brgnsted acid (-SO;H) sites
can be prepared in two steps through substrate (sugars,
starch, cellulose, or lignocellulosic biomass) carbonization fol-
lowed by sulfonation.”’ Solid acid catalysts prepared by this
method exhibit high catalytic performance and good stability
in cellulose hydrolysis,”® dehydration of pentoses or hexoses,”
and esterification of FFAs.® However, the high-temperature (>
400°C) thermal treatment required is energy intensive, with
sulfonation requiring very corrosive reagents and generating a
noxious waste stream.

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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ABSTRACT: Nanoscience and nanotechnology are the study and application
of materials on a nanometer scale. These fields of study aid the developments of
innovative technologies that play an important role in our everyday lives.
Enabling students to learn these topics makes learning more meaningful and
helps prepare them for future technologies. This study aimed to investigate the
effects of learning activities about nanoscience and nanotechnology on students’
motivation. The designed activities were based on guided-inquiry learning using
silica aerogel as the nanomaterial. This material has many interesting properties
such as high thermal insulation, low acoustic velocity, very low density, very high
specific surface area, etc., which are influenced by structures on the nanometer
scale. A variety of teaching methods, including learning with models,
multimedia, hands-on activities, and guided-inquiry learning, were implemented
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to promote the students’ motivation. There were 28 grade 12 science students

sampled for this purpose. Three actual methods were adopted to determine the effectiveness of the learning activities, including
questionnaires implemented before and after the activities, students’ self-assessments, and semistructured interviews at the end
of the activities. The results from the questionnaires showed that the students were highly motivated by the nanoscience and
nanotechnology learning activities. The students’ self-assessment and interviews revealed that the learning activities encouraged
the students to learn by allowing them to experience various teaching materials. The students became more interested in finding
more information about silica aerogel and other nanomaterials used in daily life.

KEYWORDS: Colloids, Industrial Chemistry, Materials Science, Nanotechnology, Surface Science, Demonstrations,
Inquiry-Based/Discovery Learning, Hands-On Learning/Manipulatives, High School/Introductory Chemistry

B INTRODUCTION

An important goal of teaching science is making sure that the
students have scientific knowledge from science-based
concepts.”” To address this goal, cognitive components are
usually not enough to encourage students to gain knowledge
effectively. Affective components are also needed. Motivation
is one of the affective components that is a natural response
behavior to learning tasks and opportunities. It plays an
important role in the students’ processes of conceptual change
and learning achievement”* and is an important factor for the
students’ learning success.” The motivation to learn science is
beneficial for students because it supports cognitive
components by engaging in behaviors such as being curious,
questioning, seeking advice, drawing evidence-based conclu-
sions, and making decisions.® Therefore, to achieve the goal of
learning science effectively, the learning activities should
involve both cognitive and affective components.

Learning topics and activities are factors that influence
students’ attention, curiosity, and engagement.7 Providing
learning activities to the students with a challenging and

interesting topic and relating it to their daily lives can promote
the students’ motivation and enhance their conceptual
understanding of and attitude toward learning science.”” "’

In recent years, silica aerogels have drawn much interest in
both science and technology because of their extraordinary
properties and their existing and potential applications in a
wide variety of technological areas. Silica aerogel is a
nanostructured material with promising properties such as
very good thermal insulation, high specific surface area, high
porosity, low bulk density, low dielectric constant, super-
hydrophobicity, and optical transparency.'"”'> With its many
extraordinary properties and their existing and potential
applications in a wide variety of technological areas, these
properties of silica aerogel will be used as a tool in motivating
students in learning science, catching their attention by
curiosity. The properties of this material are influenced by
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Abstract

A chiral pyrrolidine bridged polyhedral oligomeric silsesquioxane (SQ) was synthesized, characterized, and used as an
effective heterogeneous catalyst. The synthesis involves two simple steps: nucleophilic substitution between benzylchloride
functionalized SQ and imidazoyl pyrrolidine carboxylate and subsequent deprotection. The catalyst was isolated by simple
filtration. The SQ-supported chiral pyrrolidine catalyst was used as a heterogeneous catalyst in an asymmetric Michael addi-
tion into nitrostyrenes under room temperature and neat condition, giving the product in excellent yields (85-91%), diaste-
reoselectivities (up to 99:1) and enantioselectivities (95-98%). The catalyst can be recycled by a simple filtration without a
significant loss in its reactivity and selectivity.
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supplementary material, which is available to authorized users. Development of efficient catalysis for organic transforma-
tions has been among major challenges in chemistry [1].
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Abstract: This study presents a simple flow-based system for the determination of the preservative
agent sulfite in food and beverages. The standard method of conversion of sulfite ions into SO, gas by
acidification is employed to separate the sulfite from sample matrices. The sample is aspirated into a
donor stream of sulfuricacid. A membrane gas-liquid separation unit, also called a ‘gas-diffusion (GD)’
unit, incorporating a polytetrafluoroethylene (PTFE) hydrophobic membrane allows the generated
gas to diffuse into a stream of deionized water in the acceptor line. The dissolution of the SO, gas
leads to a change in the conductivity of water which is monitored by an in-line capacitively coupled
contactless conductivity detector (C4D). The conductivity change is proportional to the concentration
of sulfite in the sample. In this work, both clear (wine) and turbid (fruit juice and extracts of dried
fruit) were selected to demonstrate the versatility of the developed method. The method can tolerate
turbidity up to 60 Nephelometric Turbidity Units (NTUs). The linear range is 5-25 mg L™ SO32~
with precision <2% RSD. The flow system employs a peristaltic pump for propelling all liquid lines.
Quantitative results of sulfite were statistically comparable to those obtained from iodimetric titration
for the wine samples.

Keywords: sulfite; turbid sample; turbidity; contactless conductivity; gas diffusion

1. Introduction

Sulfite is usually added in various forms to preserve food and beverages. Sulfite has the ability to
inhibit bacterial growth and chemical processes by either enzymatic or non-enzymatic reaction [1,2].
The active species is free sulfite. However, it is difficult to determine free sulfite due to its low stability.
The determination of total sulfite, which is the sum of free sulfite and bound sulfite, is more reliable
than only the free sulfite. Release of bound sulfite from other molecules can be carried out by heating
or adding alkaline media [3]. Sulfite can cause adverse symptoms such as asthmatic, gastrointestinal
distress, diarrhea and hives for certain people [4,5]. According to Joint FAO/WHO Expert Committee
on Food Additives (JECFA), the acceptable daily intake of sulfite is 0.7 mg kg™ body weight per day [6].
The United States Food and Drug Administration (FDA) has announced that all food and beverage
products containing sulfite must be labelled on the package as “contains sulfites”, if sulfite content is

Membranes 2020, 10, 104; doi:10.3390/membranes10050104 www.mdpi.com/journal/membranes
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Disodium Terephthalate Ultrafine Fibers as High Performance
Anode Material for Sodium-Ion Batteries under High Current

Density Conditions
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An aqueous mixture of poly(vinyl alcohol) (M.W. ~ 8.9 x 10*-9.8 x 10* g mol~!, 14% w/v) and disodium terephthalate (Na, TP)
powders (6% w/v) was electrospun at 14 kV with a fiber collection distance and a feed rate of 12 cm and 0.5 mL h™!. Then, the
obtained fibers were calcined at 350°C with a heating rate of 1°C min~! under air for 7 h. Diameters of hollow Na, TP fibers,
composed of grains with sizes of 76 £ 27 nm, are 189 &+ 32 nm. Na, TP fibers are composed of ~16% w/w Nap;CO3. Na, TP structure
is orthorhombic and can be indexed in a space group of Pbc2;. Degree of crystallinity of Nay TP fibers is less than that of Na, TP
powders. Galvanostatic curves display stable reversible capacities of Nay TP powders and fibers at ~140 mA h g~! and ~110 mA
h g~!, respectively, after 50 cycles at 25.5 mA g~!. On the other hand, at 255 mA g~' and after 100 cycles, those of the powders
and the fibers are ~48 mA h g~! and ~70 mA h g~', respectively. Thus, the eco-friendly Na, TP fibers are potentially used as anode

materials of sodium-ion batteries under high current density.

© 2018 The Electrochemical Society. [DOI: 10.1149/2.0821805jes]
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Fossil fuels have been important as energy sources for several hun-
dred years. Unfortunately, a demand on energy still increases, and fos-
sil fuels are non-renewable resources. This causes an interest in energy
from renewable sources such as sunlight, wind, biomass, tidal waves,
and geothermal power, which is normally fluctuated in a day. Thus,
batteries are important in electricity generation from eco—friendly
sources. Among several types of batteries, rechargeable lithium ion
batteries (LIBs) with high energy density are widely used to store
electricity.! A cost of LIBs is ~250 USD kW~! h~!. However, a price
of energy suitable to be used in electric grids is 100 USD kW~! h~!
only.? Therefore, inexpensive and powerful energy storage devices for
electric grids must be developed.

Sodium ion batteries (SIBs) are very interesting due to natural
abundance, non-toxicity, and low cost of sodium for large-scale elec-
tric energy storage.* Both sodium and lithium are alkali metals.* How-
ever, a radius of a sodium ion (0.102 nm) is larger than that of a
lithium ion (0.076 nm), a major obstacle to develop high performance
SIBs. Several organic materials are investigated to be used as SIB
anodes such as tetrasodium salt of 2,5-dihydroxyterephthalic acid,’
2,5-dimethoxyl-1 ,4-benzoquinone,(’ 2,5-dihydroxy-1,4-benzouinone
disodium salt,” disodium rhodizonate,® poly(diphenylaminesulfonic
acid sodium),’ and disodium terephthalate.>!® Among them, low-
toxic disodium terephthalate (Na,TP) is interesting because its two
carboxylic groups can reversibly either insert or desert two sodium
ions per molecule,!! leading to high sodium ions capacity, good cy-
cling performance, and rate capability.'? It is prepared by a simple wet
chemistry. Furthermore, Na, TP is produced from either an oxidation
of p-xylene or recycling commonly used poly(ethylene terephthalate)
(PET) waste. Its theoretical capacity is 255 mA h g~! correspond-
ing to two Na-ion insertion — extraction.!” There are reports on the
use of Na,TP as anodes of SIBs. For example, Na, TP nanosheets
(248 mA h g~!) exhibit improved electrochemical properties in com-
parison with bulk Na, TP (199 mA h g~!) due to its size.> Also, Na, TP
is co-precipitated with reduced graphene oxide (rGO) by an ultrasonic-
assisted co-precipitation, a complicated fabrication method. Its capac-
ity decreases continuously and, after 20 cycles, its capacity becomes
constant at 341 mA gh~'."3

Even though the capacities of both Na,TP nanosheets and
Na, TP-rGO composite are high, their material preparation methods
are complicated, and they can form agglomerate. Thus, in this work,

“E-mail: thammasit.von@mahidol.ac.th

these problems are solved by developing the method for fabricating
Na, TP fibers with high surface area. Electrospinning, a simple and
low-cost technique to prepare continuous fibers by an electrostatic
force,'* is chosen. Morphologies and electrochemical performances
of both Na, TP fibers and Na, TP powders are studied comparatively as
anodes of SIBs. It is expected that, when these problems are solved,
Na, TP fibers with large surface area increase a rate of sodium ion
diffusion and free space for volume expansion.'> As a result, kinetics
of Na-ion exchange, capacity, rate capability, and cycle stability of
SIB anodes made from these fibers increase.'*!®

Experimental

Materials.—Absolute ethanol (AR Grade, RCI Labscan, Thai-
land), carbon black (TIMCAL SUPER C45, MTI Cooperation, USA),
copper foil (thickness of 11 wm, MTI cooperation, USA), diethyl car-
bonate (DEC, 99%, Sigma-Aldrich, Hungary), ethylene carbonate
(EC, 99%, Sigma-Aldrich, USA), 1-methyl-2-pyrrolidinone (NMP,
99.5%, Sigma-Aldrich, Netherlands), polyethylene (PE) battery sep-
arator (Xiamen Tob New Energy Technology, China), poly(vinyl al-
cohol) (PVA, M.W. = 8.9 x 10*-9.8 x 10* g mol~', Sigma-Aldrich,
USA), polyvinylidene fluoride (PVDF, M.W. = 6 x 10° g mol~!,
MTI cooperation, USA), sodium hydroxide (NaOH, 99% w/w, AR
Grade, RCI Labscan, Thailand), sodium metal (ACS reagent, Sigma-
Aldrich, USA), sodium perchlorate (NaClOy, 98%, Alfa Aesar, USA),
and terephthalic acid (TPA, 98%, Sigma-Aldrich, USA) were used
without further purification.

Fabrication of Na,TP powders and Na, TP fibers.—TPA (3 g) and
NaOH (1.52 g) were dissolved together in ethanol (60 mL) at room
temperature for 1 day. Then, the reaction mixture was centrifuged, and
the supernatant solution was decanted. The sediment was redispersed
in ethanol and centrifuged again for three times to yield white Na, TP
powders. Sediment was dried in vacuum oven at 150°C for 2 h. Then,
PVA (1.4 g) was dissolved and stirred in deionized water (10 mL)
at 80°C for 30 min and at 60°C for 1 h. Na,TP powders (0.6 g)
was then added into the PVA solution. The mixture was vigorously
stirred at 60°C for 1 h. The final PVA and Na, TP concentrations are
14% w/v and 6% w/v, respectively. The viscosity of spinning solutions
was also measured at room temperature by a rotational viscometer
(VT-04F, Rion, Japan) with a rotor speed of 62.5 rpm and an aid of an
adaptor for liquids with low viscosities. The mixture was transferred
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The aims of this paper are three-fold. The first is to determine the reinforcement of high performance
short aramid fiber in two representative rubber matrices, namely natural rubber and acrylonitrile rubber.
The second is to ascertain the effect of rubber polarity on the reinforcement. The third is to establish a
pattern of reinforcement for use with less studied fibers. The rubbers were reinforced either with only
aramid fiber or with a hybrid of aramid fiber and carbon black. The fiber contents were varied at 0, 2, 5
and 10 parts (by weight) per hundred rubber (phr) while those of carbon black were 0, 10, 20 and 30 phr.
Conventional sulfur vulcanization was used. It was found that aramid fiber can reinforce both rubbers in
the low strain region effectively, although to a significantly different degree. The hybrid carbon black
provides additional reinforcement at low to medium strains and allows high strain stress upturn to occur
in both rubber matrices. The findings enable the preparation of rubber composites having a wide,
controllable range of mechanical behavior for specific high-performance engineering applications.
Significantly, they also serve as a benchmark for developing reinforced systems from alternative fibers,

particularly those from natural sources.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Short fiber is used in the rubber industry to improve green
strength, to provide dimensional stability prior to cure, and also to
improve the mechanical properties of the vulcanizate [1]. With
proper fiber alignment, short fibers change the general nature of
the stress-strain curve of the rubber considerably. They provide the
unique characteristic of a very sharp rise in stress at low elongation,
which is unattainable with particulate fillers. This property is very
useful in applications where large deformation is undesirable [2].
Many types of fiber both synthetic [1,3—5] and natural [2,3,6—13]
have been studied. In some cases, hybrid systems of fiber and

* Corresponding author. Polymer Science and Technology Program, Department
of Chemistry, Faculty of Science, Mahidol University, Phuttamonthon 4 Road, Salaya,
Phuttamonthon District, Nakhon Pathom 73170, Thailand.
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particulate filler have been studied and shown to be more effective
than just fiber alone [14,15].

When the mechanical performance of a rubber composite is of
primary concern, it is logical to consider fiber with excellent me-
chanical properties, hence aramid fiber. Indeed, Kevlar, one type of
aramid fiber, has been studied most as the fiber of choice [3,16—22].
However, comparing the mechanical properties of the fiber and
rubbers, it is obvious that the limiting factors should be either the
mechanical properties of the rubber or the interface. Both are much
weaker than the fiber itself. Consequently, it is possible that aramid
fiber is unnecessarily (and expensively) strong for many rubber
reinforcement applications. Although there are short fiber com-
posite models for the prediction of mechanical properties, they are
generally applicable only at very small strains, and not for a highly
extended rubber matrix.

Since aramid fiber has been well developed and used in com-
mercial products, it is already well characterized and can serve as a
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Abstract. Silica aerogel is a nanostructured porous solid material. It has a low bulk density, low
thermal conductivity, and can be hydrophobic. In this work, hydrophobic silica gel, a material used to
form aerogel, is used instead of its powder form to avoid air pollution by ultrafine particles. It is used
to make surface modified materials superhydrophobic and still withstand physical abrasion that an
ordinary aerogel would not able to do. The superhydrophobic silica acrogel coating was designed by
mixing the hydrophobic gel with DOW CORNING® 2405 resin as binder and varying DOWSIL™
7-6137 silane and tetraethyl orthosilicate (TEOS). The coating was characterized by the static contact
angles (CA) and abrasion testing. Scanning electron micrographs of different coating compositions
were investigated. Results show that the hydrophobic gels mixed with resin and Z-6137 silane have a
contact angle >179°. Superhydrophobic silica aerogel coatings can be applied to glass, fiber, polymer,
etc.

Introduction

Silica aerogel is the most widely studied of aerogels. It has many attractive physical properties,
such as, extremely low thermal conductivity, ranging from 0.004 to 0.03 W/m.K, low values of
dielectric constant (1.1-2.2) [1,2], low bulk density (3-350 mg/cm?) [3], and very high specific
surface area (500—1500 m?/g) [4]. The structure of silica aerogel has a nanoporosity and consists of up
to 90% air by volume. Most aerogel as-produced is extremely brittle and fragile because of its nano-
and micro-structure. Additionally, subjecting the nano- and micro-structure to surface treatment, it
can be made superhydrophobic. Suh silica aerogels have the potential to be used in various
applications, such as, energy, environment, and health. Therefore, there has been a continuous
research effort creating new industrial and academic dynamics.

The fabrication and use of solid surfaces with superhydrophobic properties such as non-wettability
and high water contact angles (WCAs) facilitating the sliding of drops have been intensively studied
in recent years. This is because of their potential applications, such as, self-cleaning, antifouling,
anti-fogging, antibacterial, and optical applications [5-10]. In this work, an artificial
superhydrophobic surface was made from the hydrophobic silica gel and tested for its adhesion as a
coating. The technique consists of spin-coating of the hydrophobic silica gel (used instead of its
aerogel powder form to avoid ultrafine particle air pollution) with binders. The hydrophobicity of
these coatings can be enhanced by increasing the amount of hydrophobic silica gel, resulting in an
enhanced roughness and a change in its contact state. Thus, this is a simple and cheap method with
wide applicability, such as a self-cleaning coating on many materials.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#523790272, UCONN Homer Babbidge Library, Storrs, USA-04/01/20,12:57:04)
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ABSTRACT: A coordination complex, lithium hepta(i- Greater Bonding
butyl)silsesquioxane trisilanolate (1; Li-T,), a stable inter- Ts ‘
mediate in silsesquioxane (SQ) syntheses, was successfully &‘A ,’*;;:} ;‘”73::'
isolated in 65% yield and found to be highly soluble in DCM . REIEN
nonpolar solvents such as hexane. The structure of Li-T, was Sy 5*-1-} e “r”rl**

firmed b ixassisted | G Ge@-R
confirmed by NMR, IR spectroscopy, matrix-assisted laser /4 /%% R R
desorption ionization time-of-flight mass spectrometry, BF 1 S
electrospray ionization mass spectrometry, and computational "7 . NEs Li-T, HCl ﬁ
simulation, providing detailed elucidation of the intermolec- /7 /"* o e

L. . . TR TN TN

ular self-association of the SQ cage with a box-shaped LisOg - : - H-T,

polyhedron through strong coordination bonds. After acid  Be#ter Packing

treatment, Li-T, undergoes lithium—proton cationic ex-

change, yielding hepta(i-butyl)silsesquioxane trisilanol (2;

H-T,) quantitatively. The high yield of H-T, seems to be influenced by Li—O bonding in the Li-T, complex that affects the
selective formation of hepta(i-butyl)silsesquioxane trisilanolate and the bulky i-butyl groups which may prevent decomposition
or SQ cage-rearrangement even at reflux under alkaline conditions. Single-crystal X-ray crystallography confirms the presence of
the dumbbell-shaped SQ partial cages through strong intermolecular hydrogen bonds. Interestingly, lowering the polarity of the
reaction solution by adding dichloromethane results in formation of the cubic octa(i-butyl)silsesquioxane (3; T;) cage in a good
yield (47%), which is isolated by crystallization from the reaction solution.

B INTRODUCTION quioxane is the common name for organic—inorganic hybrid
molecules with an empirical formula of RSiO,5, where R

Silica is widely used in a range of applications from making "
represents a peripheral organic group. ~ Silsesquioxanes have

glass," ™ to moisture absorbants,” to industrial-scale catalysts
that polymerize olefins” and as a support for metal catalysts.””
Although there are many practical applications for silica, the
role of silica in these systems is still unclear because of the

many structural types, including ladder, random, cage, and
incompletely or partially condensed cages. With these
structures, silsesquioxanes have been adapted for use in

inorganic structure of pure silica that makes it completely many research fields such as polymers,'’™"* clay minerals,"”
insoluble in most solvents.® To understand what is really catalytic supports, and biocompatible materials."* Recently,
happening at the molecular scale we need appropriate models funtionalized silsesquioxanes have also been shown to act as
for mechanistic investigations. Silsesquioxanes have proven to sensors.'™'® Moreover, polyhedral oligomeric silsesquioxanes
be key in answering some of the questions concerning silica.
For example, silsesquioxanes have been used to model silica Received: June 20, 2019
surfaces”™'? and silica-based heterogeneous catalysis.11 Silses- Published: October 30, 2019
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Abstract. A novel, simple and environmental friendly approach to fabricate silver nanoparticles
(AgNPs) on mesoporous silica nanoparticles (MSNs) using tyrosine (Tyr) as biological reducing
agent was developed. The functionalization of Tyr with MSNs (Tyr-MSNs) (150 nm in length) by the
sol-gel process was confirmed by the characteristic peaks of amino, carboxyl and silanol groups
appeared in FTIR spectrum and the change of the zeta potential from 0 mV at pH 2 to -60 mV at pH
12. Then, AgNPs were formed on the surface of Tyr-MSNs (Tyr-MSN@AgNPs) via only
reducibility from phenolic group of Tyr and catalytic activity from base at room temperature. TEM
images and UV-Visible absorption band at 420 nm supported the obtained AgNPs (18 nm at pH 11)
were tightly bound to Tyr-MSNs even after centrifugation at high speed. These Tyr-MSN@AgNPs
would be potentially used as drug carrier in biomedical applications.

Introduction

Silver nanoparticles (AgNPs) are very useful in various fields, e.g., catalysis and sensors [ 1, 2], but
the most important one is in biomedical field due to their unique features, e.g., antibacterial and
photothermic activities. Coating AgNPs on the surface of medical devices, e.g., wound dressings,
bone implants and central venous catheters, is aimed for enhancing antibacterial property [3, 4]. Their
Surface-Plasmon resonance in infrared light is used for diseases diagnosis when incorporated with
drug carriers, e.g., mesoporous silica nanoparticles (MSNs) [5]. AgNPs capped on stimuli-responsive
linkers based MSNs act as a gatekeeper to control drug releasing rate during transportation by
applying specific stimuli, e.g., light and thermal [6].

In general, AgNPs are prepared by chemical and photochemical methods [7, 8]. These methods are
complex and employ high thermal energy and hazardous chemicals, both reducing and stabilising
agents, which might be harmful to environment and human health and limits the application of
AgNPs in the medical field [9, 10]. Therefore, biological molecules are searched for using as
non-toxic reducing agents. It was reported that tyrosine (Tyr), an amino acid containing phenolic
group, has strong reducibility in reduction of Ag" ions to AgNPs under alkali condition [11]. Based
on our knowledge, Tyr has never been used to incorporate with MSNs to produce AgNPs.

In this work, we proposed the simple method to fabricate large amount of AgNPs on the surface of
MSNss by using Tyr. Tyr was functionalized on MSNs (Tyr-MSNs) via the sol-gel process, confirmed
by Fourier-transform infrared spectroscopy (FTIR) spectrum, before taking the advantage from Tyr
to grow AgNPs (Tyr-MSN@AgNPs). Effect of Tyr and reaction pHs on AgNPs formation were
studied by transmission electron microscope (TEM) and UV-Visible spectrophotometer.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.scientific.net. (#110402197, Alderman Library / Uni of Virginia, Charlottesville, USA-05/11/18,04:59:46)
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ARTICLE INFO ABSTRACT

Keywords:
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In order to avoid cumulative toxicity of the remained mesoporous silica nanoparticles (MSNs) in biological
systems, three amino acids (aas), i.e., glycine (Gly), aspartic acid (Asp) and cysteine (Cys), were incorporated
into MSNs for accelerating their biodegradation. A4 was conjugated with 3-isocyanatopropyl triethoxysilane
(ICPTES) before reacting with tetraethyl orthosilicate to form ad-MSNs via the sol-gel process based co-con-
densation. FTIR spectra confirmed the urea bond formation in ad-ICPTES, whereas silicon resonances of T? and
T3 in 2°Si NMR spectrum indicated the incorporation of aa in MSNs. Spherical bare-MSNs (112 nm) were ob-
tained while the rod-like particles were formed in the case of Gly-MSNs (73 nm in length), Asp-MSNs (90 nm in
length), and Cys-MSNs (163 nm in length). The trend of %Si dissolution rate analyzed from microwave plasma-
atomic emission spectrometer (MP-AES) of ad-MSNs in phosphate buffer saline (PBS)/trypsin enzyme (pH 7.4)
was 3-5 times higher than in PBS (pH 7.4) and 7-8 times higher than in acetate buffer (pH 5.2), respectively. The
Asp-MSNs having two carboxylic groups showed the highest degradability, followed by Cys-MSNs, Gly-MSNs,
and bare-MSNs in all three media. By capability of ai as a dissolution promoter, the ad-MSNs would be an

effective and alternative material used as drug carrier in biomedical applications.

1. Introduction

Mesoporous silica nanoparticles (MSNs) combine the advantages of
silica, i.e., biocompatible and easy to be functionalized, and porous
materials, i.e., high specific surface area, large pore volume, and tun-
able pore size [1]. Therefore, MSNs are suitable for support, loading,
and sensing, which enable them good candidate for various applications
including in biomedical fields as drug carrier [2-6]. MSNs loaded with
doxorubicin (DOX) or curcumin showed high anti-tumor efficacy
against liver and skin cancer cells, respectively [7,8]. Anticancer me-
tallodrugs, e.g., cisplatin, titanocene, triphenyltin (IV), and ruthenium
(II) complexes, also exhibited good results in cancer treatment after
loading in functionalized MSNs [9-11]. In vivo studies showed that
triphenyltin (IV)-loaded SBA-15 suppressed the growth of tumor, while
in vitro data further confirmed that triphenyltin (IV)-loaded SBA-15 did
not damage cellular organelle [11]. However, most MSNs reported are
~50-150 nm [5,12,13], which are too large to be eliminated from the
body through renal clearance [14], unless they can completely dissolve

* Corresponding author.
E-mail address: teeraporn.su@kmitl.ac.th (T. Suteewong).
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or degrade into much smaller form (< 7 nm). In vivo studies showed
that majority of MSNs administrated was accumulated in organs
(> 80%) and 15-45% of total injected MSNs and poly(ethylene glycol)-
coated MSNs were detected in urine and feces in degraded form [15].
Similar to other silica, the insoluble portions of MSNs remained in the
body might need surgical removal. From the biosafety aspect of view,
MSNs should have a relatively fast degradation rate to avoid cumulative
toxicity. However, their dissolution mechanism is still inconclusive
because of the variation in investigating conditions, synthesis condi-
tions, and materials characteristics, e.g., particle shape, surface area,
pore size, functional group, as well as degree of condensation
[13,16-18].

It is believed that high surface area and large pore size are key
factors affecting fast dissolution [3,19]. The proposed three-stages de-
gradation behavior of surfactant-extracted MCM-41-type MSNs in si-
mulated body fluid (SBF) involved one fast bulk degradation (hour-
scale) and two slow degradation stages (day-scale) blocked by the
formation of calcium/magnesium silicate layer. Hexagonally ordered
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ARTICLE INFO ABSTRACT

Keywords: Four dual optical signalings of fluorescent hydrazone Schiff bases were synthesized from 1,8-naphthalimide
Furan hydrazide and substituted furan and thiophene rings, employing ethanol as green solvent. All synthesized mo-

Hydrazone lecules can detect F~ and CN~ with fast response with naked eye color change and quenching of fluorescence.
Fluoride Most common competitive anions have paltry interferences during the optical sensing of F~, while only nitro
%?;’;‘;Zne and methyl furan substituted provided good selectivity to CN~ in THF. Substituents on heterocyclic directly
Chemosensor affect fluoride capturing sensitivity, namely, electron donating group provides more sensitivity than with
Schiff base electron withdrawing groups. '"H NMR confirms the H-bonding between sensor molecule and F~/CN~. The

detection limits of the four-sensor molecules were found below 0.3 ppm for F~ and CN~ detection. The mag-
nitude of fluorescence quenching was estimated through Stern-Volmer plots. Test strips experimentation re-
vealed the on-site solid-state detection efficacy of the sensors. Addition of Cu(Il) ions to nitro and methyl furan
substituted, resulted in selective discrimination between F~ and CN~ in THF. Computational studies prove the
agreement of reactivity for four optical molecules interaction with F~ and show that substituent at furan/
thiophene does not affect the sensitivity, this is contrary to traditional school of thoughts.

1. Introduction outcomes related with fluoride ions deficiency. Contrarily, over ex-

posure accounts for fluorosis and osteosarcoma [6]. Moreover, vul-

In recent years, the sensing technology has been primarily focused
on development of simple, cost-efficient and highly selective recogni-
tions. For example, anions can constitute an integral component of
various physiological, chemical and industrial processes [1]. Modern
anion recognition would play the important role in the future, it is
accounted as smart material which can communicate through the user
by changing the optical properties such as fluorescence or UV-vis ab-
sorption expressing which can detect or even concentration and iden-
tification [2,3]. Fluoride and cyanide ions have gained prime concern
nowadays, as elicited concentration above permissible limits results in
adverse effect on the living species [4,5]. This apparently necessitate
their incessant on-site and off-site recognition and monitoring their
environmental levels. Fluoride ions are generally employed as additive
in toothpaste and drinking water. Dental caries and osteoporosis are the

nerability to cyanide ions leads to deadly impact on the human beings
[7]. Nevertheless, cyanide salts are extensively employed in different
commercial processes such as metal extraction, gold plating, me-
tallurgy, etc [8,9]. Thus, in order to keep a check on ions concentration
in the ecosystem, different detection techniques have been developed so
far [10-15]. But majority of them are quite expensive with delayed
responses and even suffer from interference from other ions [16]. Dif-
ferent fluoride induced desilylation reaction based sensors have been
reported but suffer from delayed responses [17]. Beside immense se-
lectivity, such molecular receptors have negative aspects such as com-
plicated synthetic procedures and use of hazardous chemicals such as
pyridine [18]. Most of the previous reports involve reactions based
cyanide receptors but mechanistic basis has not been fully established
till date. Other obstacles encountered are irreversibility, sensor stability
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Abstract. Silica aerogel-based thermal insulation coating-(®Ating) was prepared from a
commercial acrylic binder. The purpose of this stigation is to determine the effectiveness of
SA-coating with the application in energy-efficiembme design for temperature insulation
purposes. The weather acceleration test and thansalation property of SA-coating were
investigated and compared to the original commEkkirader. The weather acceleration test of
SA-coating showed equivalent weathering stabilitgl aobustness compared to the original
binder. The thermal insulation property was perfdrfrom an in-lab setup, called temperature
difference (TD) measurement. In a closed chambethowt air circulation, the surface
temperature with SA-coating was reduced by as rasc26 degrees from 90 to ~64C. More

so, if TD measurement was performed in a ventilared, the temperature can be reduced from
50°C to 36'C (room temperature was ¥1). The thermal conductivity of the coating at elint
temperatures was also measured. The water contgi¢ aneasurements and the scanning
electron micrographs showed that SA-coating camdge hydrophilic to hydrophobic by simple
abrasion.

1. Introduction

Thermal insulation materials for energy-efficieonstruction design have been widely discussed and
commercialized for applications to lower energyszanption [1-3]. Materials such as, glass fibersgla
wool, or mineral wool, insulation blankets instdliender the roof of buildings for cooling purpofés
Heat reflective thermal paints and cool-roof sthieddle a few examples of commercialized products
available in the market. The key to these thermallation systems is to fill them with porous core
material or material with low thermal conductiv{i80-80 mW/(m K)) [5-8].

Silica aerogel (SA) is a promising material fonitaion applications because of its very low thdrma
conductivity [9]. The thermal conductivity of sificaerogels is lower than that of still air. Besides
low thermal conductivity, the silica aerogel isrextely lightweight, hydrophobic, and has good fire
and acoustic resistances [9-11]. These charaatsrisbike silica aerogel a premier additive matéoial
energy efficiency and protection in building maaésiand industrial coating.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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An insoluble solid support of N—heterocyclic imidazolium-
functionalized cage-like silsesquioxane (SQ); Bim-SQ, was
synthesized by nucleophilic substitution of octakis(3-chloro-
propyl)octasilsesquioxane with an excess bis-(imidazol-1-yl)
methane and investigated as a new organic-inorganic hybrid
support. In the presence of Bim-SQ, Pd(ll) from [PdCl,]*~ can be
stabilized via both electrostatic interactions and imidazole-N-
coordination, giving an amorphous material of Pd(l)@Bim-SQ.
Subsequent in situ reduction of Pd(I)(@Bim-SQ during Suzuki —
Miyaura cross-coupling reactions afforded monodispersed Pd

Introduction

Palladium — catalyzed carbon — carbon cross-coupling reactions
(e.g. Suzuki — Miyaura,"’ Heck,”” and Sonogashira reaction)® are
the most popular reactions and have been widely used for
building up a complex structure in both organic and material
syntheses” Based on their importance, the design of Pd
catalysts for C—C coupling reactions, especially the preparation
of highly active catalysts with low Pd loadings, represents a key
aspect of research.” In particular, convenient catalyst prepara-
tion, catalyst's recyclability, and environmental friendly catalytic
conditions constitute important catalyst features.”! Heteroge-
neous Pd catalysts stabilized on supporting materials (e.g.
graphene,”’ chitosan,® and silica)” have been developed in
order to improve the catalytic activities. For example, Grutta-
dauria et al. successfully prepared the palladium nanoparticles
supported on silica-based materials,"® while Veisi etal. also
found that catalytic activities of Pd can be enhanced by highly
porous (mesoporous) silica."™
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nanoparticles (2.33 + 1.50 nm) stablized on Bim-SQ support,
PdNp@Bim-SQ with Pd loading up to 14% w/w. Catalytic
studies revealed that the pre-catalyst Pd(I)@Bim-SQ was active
heterogeneous catalyst for Suzuki—Miyaura cross-coupling
reactions, having the maximum TOFs of 5400 h~' under mild
conditions and in aqueous ethanol medium. Furthermore,
PdNp@Bim-SQ was also shown to be an efficient catalyst for
Heck reactions. Simple catalyst recovery and reusability of
PdNp@Bim-SQ for at least 5 catalytic cycles without loss of
activity were also demonstrated.

Along the same line, organic-inorganic hybrid materials of
polyhedral oligomeric silsesquioxanes (POSS) or cage-like
silsesquioxanes (SQ) have been investigated as supports for
metal catalysts,"? as a result of their exceptional thermal
stability™ and ease of surface functional group modification."”
Not only the SQ cages contain the smallest inorganic silica
core, but their molecular structures were also decorated with a
wide variety of functional organic groups (e.g. alkyl," aryl,"®
vinyl,"” acrylate,"® and hydroxyl groups)."” Owing to their
tunable organic-inorganic structure/property relationships,*”
SQ have been incorporated in a number of novel complex
structures for a wide range of applications (e.g. sensors,™
electronic devices,”" and catalysts).”? For catalytic applications,
palladium nanoparticles supported on porous cross-linked
silsesquioxanes catalyzed aerobic alcohol oxidation in water.*¥
Zhang et al. also reported the synthesis of Pd(ll) supported on
SQ functionalized with Schiff base ligands for Suzuki — Miyaura
cross-coupling reaction.” Our group has recently shown that
Pd(ll) complexes supported by pyridine — triazole-functionalized
SQ were highly active homogeneous and heterogeneous
catalysts, depending on the amount of pyridine-triazole ligands
on SQ.[28]

N — Heterocyclic carbene (NHC) ligands are known as highly
effective stabilizing ligands®® due to their strong m-electron-
donating nitrogen atoms.”” Furthermore, the N — heterocyclic
ligands are also able to activate Pd catalysts for C—C coupling
reactions.””” For example, Pd(ll) supported on NHC-functional-
ized SQ can be simply prepared via solid-state annealing.” To
further broaden aspects of the SQ application in catalysis, it is
very important to design a new type of support materials
possessing a good stabilizing ligand, which produces efficient
catalysts and works under an environmentally benign medium.
In this work, the insoluble imidazolium/imidazole ligands
derived from SQ can be freshly prepared as a novel support

753 © 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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ABSTRACT

Natural rubber (NR) films from various mixing ratios of large- (LRP) and small rubber particles (SRP) were prepared
through latex and solution casting methods. Film-forming behaviours of the resulting films were investigated by
monitoring their surface characteristics using atomic force microscopy (AFM). When the SRP portion was higher, the
surface of the latex-cast films was found to be smoother as smaller particles protruded out of the surface less than larger
ones did. AFM phase micrographs revealed a hexagonal shape of packed rubber particles (RPs) of the LRP film, while
the RPs in the other samples were sphere-like. After aging under ambient conditions, the packed RPs were flattened
while retaining their RP boundaries, creating a supporting framework within the rubber matrix. On the contrary, when
the rubber film was cast from a toluene solution, the characteristic of RP boundaries disappeared and became ag-
gregates of the membrane components on the film surface. The latex-cast films performed much better in mechanical
strength than the solution-cast films did due to the destruction of the supporting framework arisen from the non-rubber
components at the RP boundaries of the solution-cast film. An inhomogeneous density distribution produced by the
non-rubber aggregates in the latex-cast films was observed in small angle X-ray scattering measurements.
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Abstract This work aims to reuse bromelain, a
cysteine protease isolated from stems of pineapples,
and to improve its thermal stability by immobilization
onto gauze-reinforced regenerated cellulose (RC)
fibers. To obtain RC fibers (358 £ 53 nm), cellulose
acetate (CA, MW. ~3x 10* g/mol) fibers
(307 £ 59 nm) were electrospun from 17% w/w CA
mixed with 5% w/w Tween 80 in acetic acid: water of
3:1 by weight at an applied voltage of 17.5 kV and a
fiber collection distance of 10 cm. The fiber surface
was treated with 0.5 M potassium hydroxide in
ethanol, functionalized by coupling with 12% w/v
glutaraldehyde using aluminium sulfate as a catalyst,
and immobilized with bromelain. Effects of temper-
ature and pH on an enzyme activity of bromelain-
immobilized fibers (bromelain-RC) were investigated
by a casein assay with a spectrophotometer at 275 nm.
Results show that bromelain-RC functioned at 70, 80
and 90 °C at pH 8 better than bromelain did. However,
there was no difference in the activities of bromelain
and bromelain-RC with the pH change. Bromelain-RC
could be reused at least 9 times with >60% of the
original activity and had a heat resistance higher than
bromelain had. The tensile strength of bromelain-RC
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W. Panatdasirisuk - P. Tangboriboonrat

Department of Chemistry, Faculty of Science, Mahidol
University, Rama VI Road, Ratchathewi, Bangkok 10400,
Thailand

e-mail: thammasit.von@mahidol.ac.th

(14.2 &= 2.5 MPa) was higher than that of the RC
fibers (6.9 £+ 1.4 MPa). Therefore, bromelain-RC are
potentially used as a heterogeneous catalyst under the
conditions that bromelain cannot endure.

Keywords Bromelain - Cellulose - Electrospinning -
Enzyme immobilization - Ultrafine fiber

Introduction

Stem bromelain (EC. 3.4.22.32) is a cysteine protease
obtained from stems of pineapples (Ananas comosus)
with a molecular mass of 23.8 kilodaltons (kD)
(Devakate et al. 2009; Gupta and Saleemuddin
20006). This protease is widely used in food industries
such as beer clarification, meat tenderization and
baking industries (Arshad et al. 2014; Ilaria et al.
2012). In medicine, bromelain is used as an anti-
inflammatory drug, which prevents a platelet aggre-
gation and reduces a level of fibrinogen in blood
(Maure 2001). Similar to other enzymes, bromelain is
employed as a homogeneous environmentally-
friendly catalyst with a high specificity and a good
selectivity. In practical applications, the use of enzyme
is limited by its difficulty to be reused and its ease to be
denatured when the reaction conditions such as pH and
temperature are changed (Huang et al. 2011). To solve
these problems, enzymes are normally immobilized
onto a solid support. Besides its ease to be handled and
separated from a reaction mixture, an immobilization

@ Springer
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Abstract. In luxurious glass buildings and constructions,ttgezdn (or heat loss) mostly comes
through the windows. Infrared (IR) radiation isiamportant factor that causes the entry of heat
into the buildings. To save energy consumptiorimf@nditioners, low-emissivity (Low-E) glass
coating applications are focused. In the energyrgdiield, transparent conductive oxide (TCOSs)
are used as coatings to minimized IR entry. In thisk, copper-doped zinc oxide (CZO) is
synthesized for thermal reflective material. Cuidhs are doped to ZnO by a sol-gel method to
obtain CZO nanoparticles and is coated on a glabstsate. The morphology of CZO is
investigated with scanning electron microscopy ($E5Nase crystallinity is determined by X-
ray diffraction (XRD); and UV-Vis-NIR spectroscofyy used to characterize UV/IR-shielding
and also the optical transparency. IR camerasrafabithermal insulation setup are used to test
the heat insulation properties. The result shows 18% copper-doped zinc oxide has the best
insulation from IR rays with the lowest temperaturéhe interior (T3) of 50.8C while the outer
temperature (T2) was at 85 the lowering of the temperature by 34£9(cooler by 59%).
CZ0O synthesized from the sol-gel method has promigiroperties for Low-E glass coating
applications.

1. Introduction

It is undeniable that glass buildings look attnaetiand luxurious. However, glass in building
constructions is a poor thermal insulator andritegas an opening entry to solar radiation. Smlargy
distribution comprises of 5% from UV (295 - 400 n®)% from visible (400 - 700 nm) and 45% from
IR region (700 - 2500 nm). The majority of the & from 700 — 1100 nm radiates heat into the

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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ABSTRACT

A rhodol-based fluorescent probe has been developed as a selective hydrazine chemosensor using levulinate as a
recognition site. The rhodol levulinate probe (RL) demonstrated high selectivity and sensitivity toward hydrazine
among other molecules. The chromogenic response of RL solution to hydrazine from colorless to pink could be
readily observed by the naked eye, while strong fluorescence emission could be monitored upon excitation at
525 nm. The detection process occurred via a ring-opening process of the spirolactone initiated by hydrazinolysis,
triggering the fluorescence emission with a 53-fold enhancement. The probe rapidly reacted with hydrazine in
aqueous medium with the detection limit of 26 nM (0.83 ppb), lower than the threshold limit value (TLV) of
10 ppb suggested by the U.S. Environmental Protection Agency. Furthermore, RL-impregnated paper strips
could detect hydrazine vapor. For biological applicability of RL, its membrane-permeable property led to
bioimaging of hydrazine in live HepG2 cells by confocal fluorescence microscopy.

Bioimaging

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Hydrazine (N,H,4) is a highly reactive base and a reducing agent es-
sential in agricultural, pharmaceutical, and chemical industries [1-3]. It
has also been used in missile propulsion systems as high energy fuel and
as well as a starting material of many products such as foaming agents
for plastics, antioxidants and polymers [4-6]. However, hydrazine has
been categorized as a probable human carcinogen by the U.S. Environ-
mental Protection Agency (EPA) with a threshold limit value (TLV) of
10 ppb. It causes neurotoxicity and mutagenic effects to kidney, liver,
and lung [7-9]. Thus, various detection techniques for hydrazine have
been developed in recent years. Analytical instruments such as GC-MS,
LC-MS, and capillary electrophoresis were employed to detect hydra-
zine [10-12]. Nevertheless, these methods are time consuming, and re-
quire complicated sample preparation and specific equipment but
incapable for real-time and on-site detection. The use of nanocomposite
materials as hydrazine probes are mainly based on electrochemical
sensing [13-18] which are not applicable for intracellular hydrazine de-
tection because of their biological incompatibility. Fluorescence-based
chemosensors provide sensitive, less expensive, and capable for real

¥ In remembrance of His Majesty King Bhumibol Adulyadej (1927-2016).
* Corresponding author.
E-mail address: palangpon.kon@mahidol.ac.th (P. Kongsaeree).

https://doi.org/10.1016/j.saa.2018.01.033
1386-1425/© 2018 Elsevier B.V. All rights reserved.

time and on-site detection as well as biocompatibility [19-21]. Hence,
development of fluorescent chemosensors for selective detection of hy-
drazine is of scientific interest in recent years [22-28]. Several chromo-
genic and fluorescent chemosensors for hydrazine were lately reported
with various dyes including spirobenzopyran [23], benzothiazole [24],
naphthaldehyde [25], tricyanofuran [26], dicyanomethylene-4H-pyran
[27], and naphthalimide [28]. Various prosthetic groups were applied
as recognition sites for hydrazine including formyl phenol [23],
malononitrile [24], benzothiazole acetonitrile [25], acetyl [26,27],
bromobutylate [28], and levulinate [29-31]. Rhodol, a rhodamine-
fluorescein hybrid molecule, is a functional fluorescent probe with ad-
vantageous properties such as high extinction coefficient, high quantum
yield, and photostability [32,33]. It has been used in development of
chemosensors for various analytes [34-42]. However, rhodol-based
chemosensor for hydrazine was reported with only cinnamate pros-
thetic group [43], but not for other recognition elements. Levulinate, a
hydrazine specific cleavable protecting group [44,45], was used in de-
velopment of a few hydrazine-selective chemosensors [29-31].

Herein, we report a rhodol-levulinate probe (RL) as a highly selec-
tive and sensitive “off-on” fluorescent chemosensor for hydrazine
with a low limit of detection value and a short detection time. We
envisioned that hydrazine would react with RL with a release of the
fluorescent rhodol unit upon hydrazinolysis of the levulinate moiety,
leading to the chromogenic and fluorescence changes.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.saa.2018.01.033&domain=pdf
https://doi.org/10.1016/j.saa.2018.01.033
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