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Highly sensitive detection of transcription factors (TF) is essential to proteome and genomics research as
well as clinical diagnosis. We describe herein a novel fluorescent-amplified strategy for ultrasensitive,
quantitative, and inexpensive detection of TF. The strategy consists of a hairpin DNA probe containing a
TF binding sequence for target TF, a dumbbell-shaped probe, a primer DNA probe designed partly
complementary to hairpin DNA probe, and a dumbbell probe. In the presence of target TF, the binding of
the TF with hairpin DNA probe will prohibit the hybridization of the primer DNA probe with the “stem”
and “loop” region of the hairpin DNA probe, then the unhybridized region of the primer DNA will
hybridize with dumbbell probe, subsequently promote the ligation reaction and the rolling circle
amplification (RCA), finally, the RCA products are quantified via the fluorescent intensity of SYBR Green I
(SG). Using TATA-binding protein (TBP) as a model transcription factor, the proposed assay system can
specifically detect TBP with a detection limit as low as 40.7 fM, and with a linear range from 100 fM to
1 nM. Moreover, this assay related DNA probe does not involve any modification and the whole assay
proceeds in one tube, which makes the assay simple and low cost. It is expected to become a powerful
tool for bioanalysis and clinic diagnostic application.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Transcription factors are proteins that bind to specific DNA
sequences, thereby control the transcription of genetic informa-
tion from DNA to messenger RNA (Latchman, 1997). Transcription
factors are essential for the regulation of gene expression and
confirmed to be the largest family of human proteins. There are
approximately 2600 proteins in the human genome (approxi-
mately 10% of genes in the genome) that contain DNA-binding
domains, and most of them are presumed to function as transcrip-
tion factors (Babu et al., 2004).

Transcription factors play critical roles in the regulation of a
variety of essential cellular processes, such as cell development,
differentiation, and growth (Lee and Young, 2000). Furthermore,
the changes in expression level of some transcription factors has
been confirmed to closely connect with multiple aspects of
oncogenesis (Baldwin, 2001; Libermann and Zerbini, 2006; Wolf
et al, 2005). Therefore, quantitative protein detection of
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transcription factors plays an important part in clinical diagnosis
and biomedical research. Many powerful traditional techniques
have been developed for transcription factors detection. They
include DNase footprinting assay (Galas and Schmitz, 1978),
electrophoretic mobility shift assay (EMSA) (Garner and Revzin,
1981), Western blots, and enzyme-linked immunosorbent assay
(ELISA) (Burnette, 1981; Engvall and Perlmann, 1971). However,
these methods such as DNase footprinting assay, EMSA, Western
blots are usually time-consuming and laborious with the involve-
ment of either radioisotopes or fluorescence labels and are not
adaptable to assays requiring high throughput (Zhang et al., 2012).
Furthermore, they cannot achieve quantitative analysis of protein
expression. ELISA is a widely used quantitative detection method
for protein and other analytes. While it needs expensive antibodies
against each target protein, which elevates the analysis cost.
Therefore, it is highly desirable to develop robust methods for
simple, cost-effective, and sensitive detection of transcription
factors.

Recent years, a broad class of fluorescence-based approaches
have emerged, including fluorescence polarization assays, “mole-
cular beacon” based assays, protein-DNA FRET assays (Giannetti
et al., 2006; Liu et al., 2012; Lundblad et al., 1996; Moellering et al.,
2009). In comparison to conventional methods, fluorescence
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This paper developed a novel colorimetric strategy for the detection of Hg2* based on the apical activa-
tion and passivation of unmodified triangular silver nanoprism (AgNPR). Triangular AgNPR can be rapidly
etched into round nanodiscs by thiosulfate anion (S;032~), leading to a change in colloid color from blue
to yellow. However, if Hg?* is introduced into the system together with S,032-, changes in the shape
and color of the AgNPR can be effectively prevented by the specific precipitation reaction between Hg?*
and S;032~. The shape evolution of AgNPR was clearly revealed by the TEM measurements, including

IT(:?; V{:g;‘lj; silver nanoprism apical corrosion at the three corner sites and selectively HgS deposited over the etched zones. The spec-
Hg?* troscopic changes in localized surface plasmon resonance (LSPR) wavelength of the AgNPR were used as
LSPR the analytical signal, and a novel colorimetric platform for Hg?* detection was established in a label-free
HgS fashion. It provides reliable and sensitive quantification with a detection limit as low as 0.2nM and a

dynamic range of 5.0nM to 10.0 wM. Furthermore, this method has been successfully implemented for
the determination of Hg?* in wastewater samples.

Colorimetric detection

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Mercury is a notoriously toxic environmental pollutants that
can accumulate in the human body and severely disrupt the cen-
tral nervous and endocrine systems [1,2]. Water-soluble divalent
mercuric ion (Hg2*) is the most usual and stable form of mer-
cury pollution [3]. Accordingly, designing simple method with
high selectivity and sensitivity for monitoring of HgZ* becomes an
increasing demand. Traditional techniques have been developed
for detecting Hg?* in water samples, such as atomic absorption
spectrometry [4], inductively coupled plasma mass spectroscopy
[5], atomic fluorescence spectrometry [6], high-performance lig-
uid chromatography [7], and surface-enhanced Raman scattering
[8]. Most of these techniques feature excellent performance but at
the expense of sophisticated equipment, time-consuming sample
processing protocols, or the need for well-trained operators.

Alternatively, colorimetric assays have attracted particular
interest because of their simplicity, practicality, fast response times,
and use of a relatively simple apparatus [9]. In addition, the
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obvious color change afforded by such assays can be read out by the
naked eye, which allows for the identification of Hg2* without using
special equipment [10]. In particular, gold or silver nanoparticles-
based colorimetric sensors have been extensively studied for Hg2*
detection in recent years [11,12]. Their characteristic optical prop-
erty, known as localized surface plasmon resonance (LSPR), offers
excellent platform for the development of novel sensing strategies
[13,14]. The application in Hg2* detection typically relies on the
functionalization of mercury-specific mediators or chromophoric
probes, such asoligonucleotides [15-18], oligopeptide [19,20], thiol
compounds [21,22], and other chemodosimeters [23-27]. Although
these approaches provide low detection limits and fast response
times, they still require complicated procedures for precise probe
synthesis and surface modification. In this regard, it still remains
a great challenge to realize label-free sensing in colorimetric Hg2*
detection with high selectivity and sensitivity.

Recently, anisotropic silver nanostructures with well-defined
shapes and colors have been attracted prominent attention due to
their unique optical properties [28,29]. For example, triangular sil-
ver nanoprism (AgNPR) exhibits particularly high refractive index
sensitivities due to the intensification of electromagnetic fields at
three corner sites. Their LSPR absorption peak, which is tunable
overabroad vis-NIRregion, is highly sensitive to the size, shape, and
composition as well as the surrounding medium [30]. For example,
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In this study, a combined detection assay for determination of cancer antigen 15-3 (CA15-3) and copper
level in breast cancer serum was developed by use of gold nanorod (GNR)-based plasmonic sensor. Rapid
detection of tumor marker (CA15-3) can be accomplished through a simple transduction of optical signal
induced by immune-reaction between CA15-3 and GNR@CA15-3 antibody. On the other hand, the copper-
induced change of localized surface plasmon resonance of GNRs results in a direct readout of optical signal.
Therefore, practical application for combined determination of CA15-3 and copper levels of human serum
samples of breast cancer was performed. The results are close agreement with those given by the hospital
or other standard approach, confirming this assay with high accuracy. The combined detection strategy
provides potential applications for early diagnosing and monitoring the progress of malignant tumor.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Breast cancer is a common cancer and the leading cause of
cancer related deaths in women throughout the world. In spite
of recent advanced and developed modern medicine technology,
there is not a satisfactory way to overcome by far. Early diagnosis
and treatment can effectively lower the cancer mortality rate, and
many researchers are making a considerable effort to exploit the
sophisticated diagnosis and therapeutic actions to improve treat-
ment efficacy [1-3]. Cancer-associated protein markers which are
present in the blood have significance for early diagnosis of can-
cer [4]. For example, cancer antigen 15-3 (CA15-3) is one of the
most accepted markers among the various breast cancer markers
for the diagnosis of breast cancer, which can monitor the patients’
status after surgical operation and supply the reliable assurance for
the rational use of clinical medicine [5-10]. Recently, a variety of
methods have been developed for detection of CA15-3 based on
immunoreactions, such as enzyme-linked immunosorbent assay,
radio immunoassay, enzyme immunoassay, chemiluminescence
immunoassay|[11]. However, these methods usually suffer from
problems of complicated label processing and time-consuming
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separations. To meet the increasing clinical demands for the rapid
detection of CA15-3 with high sensitivity, new methods capable of
rapid and sensitive detection of CA15-3 are required.

Copper is an essential trace element responsible for maintaining
homeostasis in the human body. Excess copper has greater carcino-
genic potential by producing free radical that can bring about lipid
peroxidation [12]. Furthermore, previous studies demonstrated
that trace element might be relevant to malignant tumors [13-15].
Elevated copper levels have been found in sera from patients with
various malignant tumors and the variation of copper levels may
correlate to cancer progression. The determination of copper level
may help to elucidate the relation of copper to breast cancer and to
decide whether the element could be used as additional biochem-
ical marker for diagnosis or prognosis of tumour development.
Therefore, it is very significant to develop combined detection of
CA15-3 and copper level in serum sample for early diagnosing and
monitoring the progress of breast cancer. Many analytical meth-
ods were usually adopted for detection of copper. For example,
atomic absorption spectrometry [16,17], atomic emission spec-
trometry [ 18], inductively coupled plasma mass spectrometry [19],
can reliably determine the total concentration of copper including
their insoluble forms, but they are costly and time-consuming and
require expensive specialized equipment and highly qualified staff.
Other methods, such as electrochemical methods and nanosensors
[20,21], neither require sophisticated equipment nor complicated
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In the present study, a fluorescence resonance energy transfer (FRET)-mediated multifunctional sen-
sor based on fluorescent polymeric nanoparticles was synthesized via a combination of a facile one-pot
miniemulsion polymerization and subsequently by surface modification technology. Firstly, fluorescent
polymeric nanoparticles were obtained by copolymerization of styrene, vinylbenzylchloride and the flu-
orescent vinylic crosslinking monomer (fluorescein-O,0-bis-propene: FBP) in oil-in-water miniemulsion
stabilized with a cationic surfactant (dodecyltrimethyl ammonium bromide: DTAB). Then, 1,4,7,10-
Keywords: . .
Sensor tetraazacyclododecane (Cyclen) was selected as ligand to graft onto the surface of nanoparticles. Due
FRET to the specific FRET effect between FBP and the Cu?*-Cyclen complex, the as-prepared nanoparticles
display highly sensitive (detection limit: 340 nM) on-off-type fluorescence change with high selectivity
toward Cu?* among 11 metal ions (such as K*, Na*, Co?*, Ni?*, Zn?*, Hg?*, Mn?*, Ca?*, Mg?*, Fe?* and
Pb2*) in 100% aqueous solution. Moreover, it is worth to note that the in situ generated nanoparticle-Cu2*
ensemble could recover the quenched fluorescence upon addition of sulfide anion resulting in an off-on-
type sensing with a detection limit of 2.1 wM in the same medium. No obvious interference was observed
from other familiar anions such as Cl-, NO3~, SO42~, HCOs~, CO32~, Br—, F~, S;032~, Cl04~ and HPO42~.
Furthermore, the nanoparticle-based dual-ion sensor can be reversibly switched for multi-times by alter-
native addition of adequate Cu?* or S>, was also applicable in a relatively wide pH range (pH 4-10), and
exhibited excellent long-term photostability for Cu?* detection (>40 days) in aqueous media. Thus, this
approach may reveal a new pathway for selective detection of multiplex analyst in environmental and
biological applications.

Polymeric nanoparticle
Copper ion
Sulfide anion

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The development of fluorescent sensors for selective detec-
tion of a chemical and biological analyst has attained increasing
attentions because of their potential applications in chemistry, life
sciences, medicine and environmental monitoring [1-5]. As one
of the candidates, sulfide anion is widespread in the environment
via generation from industrial processes and biological metabolism
[6]. As a well-known toxic pollutant, sulfide anion can cause grad-
ual and cumulative damage to life, such as loss of consciousness
and irritation of mucous membranes [7]. Once protonated, sulfide
becomes even more toxic as it turns into HS™, and further con-
verts to H,S under acidic pH [8]. Recent studies have shown that
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protonated sulfide is linked to diseases like Alzheimer’s disease
[9], Down’s syndrome [10], diabetes [11], and liver cirrhosis [12].
Thus, developing a strategy for sulfide anion measurement is very
important for treatments and environmental requirements.
Compared with other traditional detection techniques includ-
ing titration [13], inductively coupled plasma atomic emission
spectroscopy [14], ion chromatography [15] and electrochemical
method [16] etc., usage of fluorescent sensor to detect sulfide anion
reveals a more promising strategy for its easy detection together
with high sensitivity and selectivity. To date, some of the talented
fluorescent sensors have been fabricated for sulfide anion detection
[6,14,17-42]. However, most of the sensors often involve time-
consuming organic synthesis or need harmful organic co-solvent
system, which strongly limits their commercial applications in
many fields like water quality monitoring and in vitro or in vivo
detection of sulfide anion. Nevertheless, among these sensing plat-
forms, a unique strategy like utilization of copper sulfide affinity
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ABSTRACT: Three saddle-type nonplanar zinc porphyrins strapped
by two short alkyl linkers have been synthesized. The deformation
induced by the linkers can cause a spectral red shift of >30 nm
compared with the absorption maxima of regular porphyrins and can
also regulate the electronic structure of the central zinc(II) ion. The
zinc(Il) ion then complexes and activates a free dioxygen to form a
superoxide group ligand by enlarging the splitting of energy levels of
d orbitals under strong core deformation. The fixation of dioxygen
can be reasonably explained by the Dewar—Chatt—Duncanson
model. These results indicate that this type of saddle porphyrin has

the potential to be used as a new model system of heme.

he use of dioxygen in oxidation reactions catalyzed by

transition metals is relatively rare despite its enormous
potential." Indeed, the addition and activation of dioxygen by
metallic compounds remains a largely immature field despite
extensive literature on the subject, particularly regarding
iron—""and copper—O, systems.”” Porphyrinoids play a vital
role in the oxidation processes of biological systems, e.g, the
well-known heme, a porphyrin complex containing Fe.”” Heme
is sufficiently active to weaken the O—O bond of dioxygen and
catalyze hydroxylation of inactivated C—H bonds.® The
macrocyclic distortion of porphyrin in heme has been
recognized as a conserved structural feature of particular
proteins.g’10

Nonplanarity is universal to all heme proteins that bind NO
or O,.'" Distorted heme can both stabilize the lower-valent
Fe(1I) oxidation state of the central iron species'” and generate
its higher-valent iron(IV, V)-oxo complex.'® This distortion is
energetically unfavorable, so it universality suggests that such
conformational variation is crucial to the functions of
metalloporphyrins and heme.”'* Nonplanar metalloporphyrins
show many interesting properties, including potent catalytic
ability,15 variable coordination,’ large spectral red shift,"”
tunable spin densities,'® and other unusual physical proper-
ties."”

In heme chemistry, the electronic structure of the metal ion
in a complex can undergo marked changes induced by a slight
variation of the macrocycle.’® One advantage of porphyrin
macrocycles is that they are highly flexible and can adopt a
range of nonplanar conformations that are needed for a variety
of biological functions.”’ Recently, we demonstrated that the
core contraction derived from a ruffling deformation of the
porphyrin macrocycle can induce a conversion of the electronic

-4 ACS Publications  © 2015 American Chemical Society
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structure of coordinated Fe(III).”*** Reports have also shown

that zinc(II) species can be used as a catalyst in many oxidation
reactions involving molecular oxygen® as well as in organic
reactions.” These facts indicate that the activation of a metal to
dioxygen possibly depends on its size but not necessarily on the
presence of an odd electron. We developed an interest in what
will occur in the filled d orbital of a Zn(II) ion under full
contraction (strong deformation) of a macrocycle with an N,
core. In the current report, three 5,10-15,20-distrapped zinc
porphyrins 1-Zn to 3-Zn with saddle-type distortion are
synthesized and characterized to determine the effect of this
macrocyclic deformation on the electronic structure of the
central zinc ion.

Distrapped materials 1-Zn to 3-Zn were obtained from the
condensation of dialdehyde with pyrrole with a molar ratio of
1:2 in yields of 0.8—6.0% in refluxing propionic acid (Scheme
1).”%*” The formation of this type of highly deformed
macrocycle involves tandem reactions including condensation
and oxidation and includes a pyrrole-containing intermediate
bridged by straps O(CH,),O (x = 2, 3, and 4) at the two
phenyl groups of the pyrrolyl a-positions (see Supporting
Information p S6). The model compounds were directly
characterized by X-ray diffraction, UV—vis and NMR spectral
methods, and high-resolution mass spectrometry.

Macrocyclic distortion in porphyrins results in a spectral red
shift, and the degree of distortion roughly depends on the
magnitude of the shift.*® For models 1-Zn to 3-Zn, as the
degree of distortion increased, the maxima of the Soret band
red-shifted from 429.5 to 450.0 nm (3-Zn — 1-Zn), as shown
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HIGHLIGHTS

e Monoclinic/hexagonal mixed-phase LiMnBO3/C composites were synthesized by a novel impregnation-precipitation method.
e The discharge specific capacity for LiMnBO3 has a very substantial improvement.
e The LiMnBO3/C composite shows good cyclability at the four rates of C/20, C/10, C/5 and C/2, respectively.

ARTICLE INFO ABSTRACT

Article history:

Received 14 August 2014

Received in revised form

15 November 2014

Accepted 18 November 2014
Available online 20 November 2014

Monoclinic/hexagonal mixed-phase LiMnBO3/C composites have been prepared by the impregnation-
precipitation method using ketjen black (KB) with 3D conductive network as both template and
conductive framework. The synthesized products are characterized by means of X-ray diffraction (XRD),
scanning electron microscopy (SEM), nitrogen sorption and electrochemical tests. Morphology studied
by SEM and nitrogen sorption shows that LiMnBOj3 particles are embedded in the nanostructured carbon

networks. The LiMnBOs3/C electrodes deliver an initial discharge specific capacity of 150, 137, 121 and

Keywords:

LiMnBO3

Cathode material
Lithium ion batteries

four rates.

85 mAh g~! at C/20, C/10, C/5 and C/2 rate, respectively. Although the capacity for the LiMnBO3/C
electrode decreases considerably with increasing rate, stable cycling performance is obtained for all the

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Polyanion-type cathode materials for lithium ion batteries have
attracted great attention due to a lot of advantages since the first
discovery of the electrochemical properties of the olivine LiFePO4
by Padhi et al. [1]. However, polyanions also bring some inactive
mass into the polyanion-type cathode materials, which impedes
both the specific capacity and the specific energy, and it is neces-
sary to minimize this drawback. Considering this, a new family of
lithium transition metal borates, namely LiMBO3; (M = Mn, Fe or
Co), has generated recent excitement in the battery community
because the higher charge/mass ratio of the BO3~ group leads to a

* Corresponding author.
E-mail address: anpingxt@126.com (A. Tang).

http://dx.doi.org/10.1016/j.jpowsour.2014.11.087
0378-7753/© 2014 Elsevier B.V. All rights reserved.

larger theoretical specific capacity of ~220 mAh g~!, about 30%
larger than that of PO3 -based LiMPO4 [2—9].

Among the LiMBOs3 borates, LiMnBOs3 exists in two different
phases: the low-temperature monoclinic form and the high-
temperature hexagonal form. As a result of their structural differ-
ences, the two materials display different average potential (3.7 V
for monoclinic phase and 4.1 V for hexagonal phase versus Li/Li")
and different electrochemical property (e.g. the former displays
better electrochemical property than the latter [5]). Additionally,
one recent report claimed that monoclinic/hexagonal mixed
phased LiMnBOj3 displays better lithium electrochemical perfor-
mance than the pure phased LiMnBOs [10]. Like LiFePOy4, the
LiMBOs3 borates suffer from poor electronic and ionic conductivity,
although there have been considerable developments in the elec-
trochemical performance [2,11,12]. Recently, these obstacles have
been overcome for LiFeBO; by employing conductive carbon
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SIMPLE AND SENSITIVE DETECTION FOR TRACE CHROMIUM (VI) USING ALBUMIN
AS FLUORESCENCE PROBES
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ABSTRACT

We have developed a novel method for fast determination of chromium(VI) using egg albumin(EAB) as fluorescence probe. The influence factors, including
pH, reaction time, concentration of EAB, were investigated on the performance of the method and the optimum experimental conditions were determined. Under
the optimum conditions, the relative fluorescence intensity of albumin was linearly proportional to Cr(VI) over a concentration range from 1.0x107 to 6.0x10
mol L' with a correlation coefficient of 0.9936 and a detection limit of 5.2 nmol L. This is a fast, simple, high selective and environment-friendly method, which
has been employed to detect trace Cr(VI) in drinking water samples with satisfactory. The infrared spectral information indicated that the possible mechanism of
fluorescence quenched may be the change of the secondary structures of EAB in the presence of Cr(VI).

Key words: Trace chromium(VI); fast analysis; egg albumin; fluorescence probe; drinking water

1. INTRODUCTION

In recent years, significant progress has been realized on the impact of
pollution on the environment and human health. Water, food and medicine
are the possible sources of contaminants such as chromium. Chromium
exists in two oxidation states, Cr(IIl) and Cr(VI) in solution, which have
contrasting physiological effects. Cr(I1I) is known as an essential trace element
for maintaining normal physiological function. However, Cr(VI) is highly
carcinogenic and mutagenic [1-3], and can cause various of clinical problems,
such as immediate cardiovascular shock, negative effects on kidney, liver, and
other organs [4]. Hence, the research has drawn much attention in detection of
trace Cr(VI) in drinking water recently. Many new methods to detect trace Cr(VI)
have been developed, including spectrophotometric method [5,6], fluorescence
probe method[7-9], electrochemical method [10,11], ion chromatography
[12], inductively coupled plasma mass spectrometry [13], inductively coupled
plasma-optical emission spectrometry [14], atomic absorption spectrometry
[15]. These methods need either expensive instruments or long analysis time, or
consumption of a great deal of reagents [16]. Therefore, developing simple and
environment-friendly method for selective, sensitive and rapid determination
of trace chromium is still a great challenge.

Protein is a biodegradable and environment-friendly reagent and has widely
used in biochemistry and analytical chemistry [17-19]. Egg albumin (EAB)
is a cheap, environment-friendly, and egg resources are very rich (available
in abundance in egg). But the research of this reagent in analytical chemistry
was seldom reported. In this work, we find that EAB shows high selective for
Cr(VI), and then have developed a novel method for fast determination of trace
chromium(VI) based on the fluorescence quenched of EAB by Cr(VI).

2.EXPERIMENTAL

2.1 Apparatus

Fluorescence measurements were performed using Hitachi F-4500
fluorescence spectrophoto- meter (Tokyo, Japan) with a xenon discharge lamp,
lem quartz cells at room temperature. Infrared spectra and UV—visible spectra
were recorded using Spectrum One Spectrophotometer and Lamaba 35 UV—
Vis Spectrophotometer (Perkin-Elmer, American), respectively.

2.2 Reagents

Egg albumin and K,Cr,0, (Standard Reagent) were purchased from
China Pharmaceutical Group (Shanghai, China). Stock standard aqueous
solution of K ,Cr,0, was prepared at concentration of 0.0050 M, and the other
concentration of K,Cr,0, was prepared by diluting the stock standard solution
with double distilled water. All other chemicals used were of analytical grade
without further purification. Doubly distilled water was used for all chemical
procedures.

2.3 Detection of chromium(VI)

Chromium(VTI) determination was carried out by successively adding 100
ml varying concentration of Cr(VI) or sample solution into 10 ml 0.40mg EAB
KH,PO,-Na,HPO, buffer solution(PBS) solution (pH 9.18). The fluorescence

2840

intensity of the solution was recorded at the peak wavelength (about 345 nm).
All measurements were made under room temperature.

3. RESULTS AND DISCUSSION

3.1 Selection of excitation wavelength

Emission and excitation spectra of EAB (a,b) and UV-vis absorption
spectra of EAB and K Cr,0O, (c,d) are shown in figure 1, respectively. There is
continuous excitation spectrum of EAB (see Fig. 1 curve b) with a maximum
peak locates at 295 nm. When the excitation is set at 295 nm, the albumin has
a broad, strong and symmetricl emission (curve a in Fig.1) with the maximum
fluorescence at 345 nm. As known, potassium dichromate absorbs UV light,
which may cause the inner filter and can appear error. Hence, the characteristic
of UV—vis absorption spectrum of potassium dichromate was investigated. As
seen from Fig.1 (curve d), there are UV—vis absorption peaks of potassium
dichromate locating at about 255 nm and 354 nm. Fortunately, the absorption is
very weak at the wavelength range from 295 nm to 315 nm. So the fluorescence
emission at 345 nm was used for quantitative analysis, and the excitation was
set at 295 nm in the following experiments.
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Fig. 1. Emission and excitation spectra of EAB (a,b) and UV-vis absorption
spectra of EAB and K,Cr,0, (c,d).

Concentration, egg albumin: 50 mg L', potassium dichromate: 3.0 mg L.

3.2 Influence of ions on the fluorescence of the albumin

The effect of ions on the fluorescence intensity of EAB was studied and
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HIGHLIGHTS

e A unique photoluminescence carbon
dots with larger size were prepared
by microwave-assisted method.

e A highly sensitive CD-based fluores-
cence probe for label-free detection
of K™ was established.

e Physiological potassium levels of
human serum and red blood cells
may be directly and rapidly detected.
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ABSTRACT

A unique photoluminescence carbon dots (CDs) with larger size were prepared by microwave-assisted
method. Complex functional groups on the surface of the CDs facilitate the nanoparticles to form affinity
with some metal ions. Taking advantage of the effective fluorescence quenching effect of K*, a highly
sensitive CD-based fluorescence analytical system for label-free detection of K* with limit of detection
(LOD) 1.0 x 101 M was established. The concentrations of potassium ion in biological samples such as
human serum are usually found at millimolar levels or even higher. The proposed method begins with a
substantial dilution of the sample to place the K* concentration in the dynamic range for quantification,
which covers 3 orders of magnitude. This offers some advantages: the detection of K* only needs very
small quantities of biological samples, and the dilution of samples such as serum may effectively
eliminate the potential interferences that often originate from the background matrix. The determined
potassium levels were satisfactory and closely comparable with the results given by the hospital,
indicating that this fluorescent probe is applicable to detection of physiological potassium level with high
accuracy. Compared with other relative biosensors requiring modified design, bio-molecular
modification or/and sophisticated instruments, this CD-based sensor is very simple, cost-effective
and easy detection, suggesting great potential applications for successively monitoring physiological
potassium level and the change in biological system.

© 2015 Elsevier B.V. All rights reserved.

* Corresponding author. Tel.: +86 731 58290045.
E-mail address: hhwn09@163.com (H. Huang).
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1. Introduction

Carbon-based nonmaterials have attracted much attention due
to their unique properties. Owing to the robust chemical inertness,
size dependent photoluminescence, high photostability against
photo bleaching and blinking, low cytotoxicity and excellent


http://crossmark.crossref.org/dialog/?doi=10.1016/j.aca.2015.04.057&domain=pdf
mailto:hhwn09@163.com
http://dx.doi.org/10.1016/j.aca.2015.04.057
http://dx.doi.org/10.1016/j.aca.2015.04.057
http://www.sciencedirect.com/science/journal/00032670
www.elsevier.com/locate/aca

Chem Biol Drug Des 2015; 86: 1087-1092

Research Article

DESIGH

Synthesis and Biological Evaluation of Kojic Acid
Derivatives Containing 1,2,4-triazole as Potent

Tyrosinase Inhibitors

Wenlin Xie'?3*, Jingai Zhang'??, Xiaojing
Ma'%2, Wengian Yang'?%, Ying Zhou'??,
Xufu Tang"??, Yan Zou"??, Hui Li'"?3, Jingjing
He'-%®, Shimin Xie*, Yunhui Zhao'?® and
Fengping Liu'?3

"School of Chemistry and Chemical Engineering, Hunan
University of Science and Technology, Xiangtan 411201,
China

2Key Laboratory of Theoretical Chemistry and Molecular
Simulation of Ministry of Education, Hunan University of
Science and Technology, Xiangtan 411201, China
SHunan Provincial University Key Laboratory of QSAR/
QSPR, Xiangtan, 411201, China

“Hunan University of Humanities, Science and Technology,
Loudi 417000, China

*Corresponding author: Wenlin Xie, xwl99zsu@163.com

A series of 5-substituted-3-[5-hydroxy-4-pyrone-2-yl-
methymercapto]-4-amino-1,2,4-triazole derivatives were
synthesized by nucleophilic substitution reaction of 5-
hydroxy-2-chloromethyl -4H-pyran-4-one with 5-substi-
tuted-3-mercapto-4-amino-1,2,4-triazole, and their
inhibitory effects on mushroom tyrosinase were evalu-
ated. The results indicated that most of the synthesized
compounds exhibited significant inhibitory activity.
Specifically, 5-(4-chlorophenyl)-3-[5-hydroxy-4-pyrone-
2-yl-methymercapto]-4-amino-1,2,4-triazole (6j) exhib-
ited the most potent tyrosinase inhibitory activity with
IC5o value of 4.50 + 0.34 um. The kinetic studies of the
compound (6j) demonstrated that the inhibitory effects
of the compound on the tyrosinase were belonging to
competitive inhibitors. Meanwhile, the structure—-activity
relationship was also discussed.

Key words: 1,2,4-triazole, kojic acid derivatives, mushroom
tyrosinase, tyrosinase inhibitors
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Melanogenesis is a physiological process resulting in the
production of melanin pigment, which plays an important
role in the prevention of sun-induced skin injury (1). Although
the melanin production in human skin is a major defense
mechanism against UV light, excessive accumulations of

© 2015 John Wiley & Sons A/S. doi: 10.1111/cbdd.12577

epidermal pigmentation can cause various hyperpigmenta-
tion disorders, such as freckle, senile lentigines, and
melasma. Tyrosinase (polyphenol oxidase, EC 1.14.18.1) is
a multifunctional copper-containing enzyme that is widely
distributed in micro-organisms, animals, and plants (2). It
can catalyze two distinct reactions during the biosynthesis
of melanin, involving the hydroxylation of L-tyrosine to
L-dopa and the oxidation of L-dopa to dopaquinone, which
is highly reactive and can polymerize spontaneously to form
melanin (3). Therefore, the regulation of melanin synthesis
via the inhibition of tyrosinase is an important research topic
(4). In clinical usage, tyrosinase inhibitors are used for
treatments of dermatological disorders related to melanin
hyperaccumulation and are essential in cosmetics for depig-
mentation (5,6), such as age spots and freckle, caused by
the accumulation of an excessive level of epidermal pigmen-
tation (7). Inhibition of tyrosinase is equally important com-
mercially. In most fruits and vegetables, the enzyme is
responsible for undesired browning that takes place during
senescence or damage during postharvest handling, lead-
ing to faster degradation and shorter shelf life (8). Therefore,
inhibition of tyrosinase is desirable to control browning and
reduce economic losses. Accordingly, the development of
safe and effective tyrosinase inhibitors is of great concern in
clinical medicine and cosmetic industries.

Kojic acid (1) is produced by various bacteria and fungi,
such as Penicillium and Aspergillus, and is widely used as a
skin-whitening agent because it can inhibit tyrosinase (9).
However, its inhibiting effect and storage properties are
inadequate for use in cosmetics. Thus, many Kkojic acid
derivatives have been synthesized, usually by modifying the
C-7 hydroxyl group to form a variety of new derivatives.
Triazole is the core structural motif in a variety of different
compounds in medicinal chemistry and has been reported
to exhibit a broad range of biological properties, including
enzyme inhibition (10,11), antimicrobial (12), antinociceptive
(13), and anti-inflammatory activities (14). Studies by Usman
Ghani et al. (15) have demonstrated that 5-substituted-3-
mercapto-4-amino-1,2,4-triazole  (4) derivatives  have
promising inhibitory activities of tyrosinase. Therefore, in
view of exploring new, potent, and safer inhibitors of tyrosi-
nase, we designed a novel compounds by combining
structures of two putative tyrosinase inhibitors, kojic acid (1)
and 5-substituted-3-mercapto-4-amino-1,2,4-triazole (4), to
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Towards Norcorrin: Hydrogenation Chemistry and the
Heterodimerization of Nickel(ll) Norcorrole
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Abstract: 5,14-Dimesitylnorcorrolatonickel(ll) was hydrogen-
ated under mild conditions (room temperature, 1atm H,,
THF solution, 5 min.) in the presence of Raney nickel to yield
nonaromatic derivatives that were isolated and characterized
by NMR spectroscopy, UV/Vis spectrophotometry, HRMS,
cyclic voltammetry, and X-ray diffraction analysis. The major

hydrogenation product, 1,2,3,7,8,9-hexahydronorcorrolato-
nickel(ll), underwent dimerization in the presence of p-chlor-
anil to give a nonsymmetrically linked 2,3'-bis(norcorrole)
system that can adopt eight different oxidation states over
a redox potential window of 3V and has a HOMO-LUMO
gap of 0.92 V.

Introduction

Macrocyclic tetrapyrroles are widespread in nature, occurring
mostly in the forms of porphyrin- or corrole-type rings
(Scheme 1). Although these macrocycles can be aromatic, for
example, porphine in haem-containing proteins, chlorin in
chlorophyll, or bacteriochlorin in bacteriochlorophyll, it ap-
pears that aromaticity is not a prerequisite for their hydrolytic
or redox stability, particularly when they contain a metal ion

porphine corrole norcorrole

corphin corrin norcorrin

Scheme 1. Schematic structures of selected cyclic tetrapyrroles.
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within the coordination core. For example, the nickel-contain-
ing coenzyme F430 of methanogenic bacteria consists of the
corphin ring in which there are only five double bonds within
the macrocycle and the system is capable of the stabilization
of three different metal oxidation states."*! Vitamin B, (cobal-
amin) comprises the corrin ligand, which is formally an octahy-
drogenated corrole.*”’ In fact, contracted porphyrins, that is,
tetrapyrroles of reduced macrocyclic ring size, are represented
in nature solely by this nonaromatic porphyrinoid.

Hydrogenated porphyrinoids are typically obtained by the
condensation of saturated oligopyrrole precursors or by the
direct reduction of aromatic macrocycles either by catalytic hy-
drogenation or by the use of chemical reductants. Such reduc-
tions usually result in mixtures of differently hydrogenated
products and show low regio- and stereoselectivity.” In addi-
tion, no direct hydrogenation of corroles has been reported to
date.

The addition of hydrogen to the meso positions'®' or to
a bridging carbon of the bipyrrole moiety of porphyrinoids
leads to a disruption of the m-electron delocalization path, in-
variably producing nonaromatic macrocycles.

Norcorrole, a contracted tetrapyrrolic porphyrin macrocycle
that comprises two meso bridges was first synthesized in the
form of an iron(lll) complex, as reported by Broring etal. in
2008." The alternative synthetic approach of Kobayashi and
Shinokubo and their co-workers allowed the efficient prepara-
tion of the stable diamagnetic norcorrole-nickel(ll) complex
1 (see Scheme 2), which has been shown to be antiaromatic,
in line with the presence of a 16m-electron conjugation in its
structure.™ ' Compound 1 is readily obtainable, and its sym-
metric structure makes it an attractive object for studying par-
atropic ring-current effects as well as the spectroscopic and
redox properties of antiaromatic complexes. Because of the
structural rigidity of this norcorrole complex, its magnetic
properties are affected only by the oxidation state and not by
conformational changes, in contrast to several antiaromatic ex-
panded porphyrins."” The purpose of this study was to ex-

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Abstract Gelatin/hyaluronic acid (Gel/HA) microspheres were prepared by
emulsion—coagulation method using glutaraldehyde as cross-linker. The influence of
treatment methods, including removing water by different concentrations of ace-
tone/water solution and freeze drying, on surface morphology was also investigated.
The in vitro release behaviors of icariin from smooth Gel/HA microspheres were
also studied. The results indicated that the smooth and wrinkled Gel/HA micro-
spheres were obtained when treated by pure acetone/water solution (volume ratio of
3:1) and pure acetone, respectively. More wrinkled microcracks could be observed
when the Gel/HA microspheres were washed by pure acetone for longer time. The
microspheres with porous structure were prepared when the obtained smooth Gel/
HA microspheres were treated by freeze-drying method at —45 °C. The size of Gel/
HA microspheres increased with increasing immersion time in distilled water and
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poly(p,L-lactide-co-glycolide) by direct melt
copolymerization

Zhihua Zhou"*? - Huihua Huang' - Tianlong Huang® -

Cheng Peng® - Hu Zhou' * Qingquan Liu’ -

Wennan Zeng' - Lihua Liu' - Dafu Cao' -

Siliang He' - Liujiao Xiang' - Hua Yan'

Received: 12 November 2014 /Revised: 5 March 2015/ Accepted: 10 March 2015/

Published online: 17 March 2015
© Springer-Verlag Berlin Heidelberg 2015

Abstract Novel maleated poly(p,L-lactide-co-glycolide) (MPLGA) was melt
copolymerized directly from maleic anhydride, p,L-lactide and glycolide monomers
with stannous octoate as catalyst and benzoyl peroxide as initiator. FTIR, '"H NMR,
GPC and maleation content were employed to qualitatively characterize the syn-
thesized MPLGA. The effects of the catalyst dosage, reaction time and reaction
temperature on weight average molecular mass, polydispersity index and maleation
content of MPLGA were also investigated. The results indicated that the novel
MPLGA was successfully obtained using melting-copolymerization method.
MPLGA, with a weight average molecular mass of about 5.39 x 10* Da, a poly-
dispersity index of 1.51 and a maleation content of 7.1 wt%, was obtained when
polymerization was conducted with catalyst dosage of 0.03 wt% for 36 h at 140 °C.
The results indicated that the introduction of maleic anhydride into PLGA may offer
new and important options for biomaterial applications.

Keywords p,L-Lactide - Glycolide - Maleic anhydride - Poly(p,L-lactide-co-
glycolide) - Modification
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Effect of Substituents on the NMR and UV Spectra of N-(4-substituted
benzylidene) Anilines and N-(4-substituted benzylidene)
Cyclohexylamines

CAO Chao-Tun WEI Bai-Ying CAO Chen-Zhong"
(Hunan Provincial University Key Laboratory of OQSAR/QSPR, Key Laboratory of Theoretical Organic Chemistry and
Function Molecule of Ministry of Education, School of Chemistry and Chemical Engineering, Hunan University of Science and
Technology, Xiangtan 411201, Hunan Province, P. R. China)

Abstract: Two series of compounds: N-(4-substituted benzylidene) anilines (1) and N-(4-substituted
benzylidene) cyclohexylamines (2) were synthesized. Their *C NMR and 'H NMR chemical shifts and their UV
absorption spectra were obtained. Compounds (1) and (2) were compared quantitatively to determine the effect
of the substituents on the *C NMR chemical shifts d¢c-v and the 'H NMR chemical shifts 64 of the CH=N bond,
and the UV absorption maximum wavelength energies va. Our results show that the substituents affect
compounds (1) and (2) differently despite them having a similar molecular skeleton. These effects are: (i) a
substituent specific cross-interaction effect (Ac?) that significantly affects the dcc-n), 01, and Ve of compounds
(1) while its effect on the corresponding properties of compounds (2) is limited, (ii) for compounds (1) and
compounds (2) the field/induced effect o and the conjugation effect or of the substituents negatively affect
Occ-n. However, they positively influence 6. and thus both - and or show opposite behavior toward -y compared
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A new photocatalyst, Hgl,, was successfully developed. The Hgl, sample was characterized by scanning
electron microscopy (SEM), X-ray diffraction (XRD), ultraviolet—visible diffuse reflectance spectrum (UV
—vis DRS) and photoluminescence (PL) techniques. Its activity is as high as that of the highly efficient
photocatalyst AgsPO4 in degradation of rhodamine B (RhB) dyes under irradiation of visible light. It can
be reused for at least three cycles without obvious loss of its activity in the degradation experiments. The
main active species of Hgl, for the RhB degradation are superoxide anion radicals. The high photo-
catalytic activity of Hgl, may be attributed to its low recombination rate of the photogenerated carriers.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In the past decades, semiconductor photocatalysis was widely
studied due to its application in environmental pollution treatment
[1—8]. The key issue to utilize solar energy through photocatalysis is
the utilization of visible light in the process. Thus, many efforts have
been dedicated to develop visible-light-responsive photocatalysts
to deal with the problem of environmental pollution [9]. A general
problem with photocatalysis is the rapid recombination rate of
photogenerated carriers of photocatalysts, which leads to low
photocatalytic activity [9]. Therefore, it is still desirable but difficult
to prepare visible-light-responsive photocatalysts, especially with
high performance, to fully utilize solar energy in photocatalysis.

AgsP04, as a highly efficient visible-light-responsive photo-
catalyst, is already an important research topic because of its higher
photocatalytic activity than the currently known photocatalysts
including BiVO4, N-doped TiO», etc., in water oxidation and degra-
dation of organic compounds [10,11]. We successfully prepared
some new semiconductors Ag@(Ag,S/AgsP04) [12], AgzAsO4 [13]
and AglO4 [14], which achieved higher photodegradation activity
than that of AgzPO4 photocatalyst. Very recently, we developed a
new Feyl30,4H15 semiconductor with activity close to that of

* Corresponding author.
** Corresponding author.
E-mail addresses: jttang1103@126.com (J. Tang), dtlhx@163.com (D. Li).

http://dx.doi.org/10.1016/j.jallcom.2015.09.025
0925-8388/© 2015 Elsevier B.V. All rights reserved.

Ag3P04 in photodegradation of RhB under visible light irradiation,
and it can be reused for at least five times without obvious loss of
activity [15]. In this study, we report another new visible-light-
responsive photocatalyst, Hgl,. Its photocatalytic activity is as
high as that of AgzP0O4, and is much higher than that of Agl [16]. The
factors accounting for the excellent photocatalytic performance of
Hgl, was also proposed.

2. Experimental
2.1. Preparation

At room temperature, 1 mmol of Hg(NO3),-2H,0, 2 mmol of KI
and 0.2 mL of NH3-H,0 (10 mol Lfl) were mixed with 100 mL of
deionized water in the dark. The brown red precipitate was sepa-
rated by centrifuging, washing with deionized water for several
times, and drying at 60 °C. Thus, the Hgl, sample was obtained. The
Ag3P04 and Agl samples were prepared according to the previously
reported procedure [9,13].

2.2. Characterization

SEM experiment was undertaken on a FEI Quanta-200 micro-
scope at an accelerating voltage of 20 kV. XRD patterns were
recorded on a D/MAX-2500/PC powder diffractometer under Cu-Kj,
radiation at a scanning rate of 20 min~! = 4° min~. The acceler-
ating voltage and applied current were 40 kV and 250 maA,
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Abstract—Three techniques of controlled radical polymerization, namely nitroxide-mediated radical
polymerization (NMRP), atom transfer radical polymerization (ATRP), and reversible addition-frag-
mentation chain transfer (RAFT) polymerization in combination with ring opening polymerization
(ROP) were employed to prepare functional block-copolymers with controllable molecular weight and
narrow molecular weight distribution. The structure, molecular weight, and PDI of block-copolymers
were characterized by various techniques. The synthesis routes of NMRP-ROP, ROP-ATRP, and ROP-
RAFT exhibited excellent controllable features in the preparation of functional block-copolymers.

DOI: 10.1134/51560090415050097

INTRODUCTION

Recent development of controlled radical poly-
merization resulted in the preparation of a great deal
of well-defined polymers with predictable molecular
weights [1, 2]. The most important methods
reported include nitroxide-mediated polymeriza-
tion (NMP), atom transfer radical polymerization
(ATRP), and reversible addition-fragmentation
chain transfer (RAFT) polymerization. In general,
controlled radical polymerization in combination
with ring opening polymerization (ROP) has been
employed to synthesize numerous functional block
copolymers [3—5].

Functional block copolymers including
amphiphilic one have huge application prospects
due to their special properties. For example, poly-
styrene-b-polylactide (PS-b-PLA) had been exten-
sively used in the field of optical active materials [6],
ordered nanoporous membrane [7], polymer mono-
lilths with ordered nanoporous channels [8], tem-
plate materials for nanomaterials growth [9], etc. In
the application of ordered nanoporous monoliths,
PS-b-PLA forms ordered microstructure by solution
casting and anneal inducing microphase separation,
and ordered porous monoliths will be generated with
etching process of PLA block [8]. The molecular
weight of the blocks and their molar ratio are the key
factors for governing the pore size of monoliths.
Poor control over the molecular weight and the
blcok ratio of the copolymers will result in defects of

! The article is published in the original.

pore structure [8, 9]. Therefore, the precise control
over molecular weight of each block is significantly
important for the application of PS-6-PLA copoly-
mers.

In order to synthesize PS-b-PLA with well-
defined architectures, we have combined controlled
radical polymerization with ROP applying two syn-
thetic strategies. In the first case, PS macroinitiator
was used for PS-H-PLA synthesis. In the second
one, PLA macroinitiator was generated by ROP, and
then PLA-b-PS was synthesized by controlled radi-
cal polymerization. In the present study controlla-
bility, experimental feasibility and convenience of
these strategies are analyzed.

EXPERIMENTAL
Materials

2,2'-Azo-bis-isobutyronitrile (AIBN) was pur-
chased from Linfeng Chem Co. Ltd, China; it was re-
crystallized from methanol before use. Styrene was
purified from inhibitor, dried over anhydrous magne-
sium sulfate, and distilled under vacuum. 4-Hydroxy-
2,2,6,6-tetramethyl  piperidinyloxy (HTEMPO),
stannous octoate (Sn(Oct),), 2-bromoisobutyrate
bromide, CuBr, N,N,N',N",N"-pentamethyldiethyle-
netriamine (PMDETA), dicyclohexylcarbodiimide
(DCCD), 4-dimethylaminopyridine (DMAP) and
D, L-lactide were purchased from the Aldrich Chemi-
cals and used without further purification. S-1-Dode-
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Effect of Substituents on Reduction Potential of Para-disubstituted
N-Benzylidenebenzenamine Derivatives

Cao, Chenzhong* Bi, Yakun Cao, Chaotun
(Key Laboratory of Theoretical Organic Chemistry and Function Molecule, Ministry of Education, Hunan Provincial
University Key Laboratory of QSAR/QSPR, School of Chemistry and Chemical Engineering, Hunan University of
Science and Technology, Xiangtan 411201)

Abstract 52 samples of 4,4'-disubstituted N-benzylidenebenzenamine (p-XPhCH=NCsH,Y-p) derivatives were synthe-
sized, the effect of substituents on the reduction potential Er.q of these compounds was systematically investigated. The result
shows that there is not linear relation between their Fgqq and the chemical shift 6.(C=N) of the >C NMR of C=N bridge
bond in the molecules. The factors affecting Er.q are obvious different from that affecting on do(C=N), and the change regu-
larity of Ereq can not be expressed well by only employing Hammett substituent constant. The main factors affecting the Egeq
are the field/inductive effect of substituent X, the conjugative effects of substituents X and Y, and the excited-state substituent
constant of substituent X plays an important role of influence on Eg.q. Above four parameters have good correlations with the
EReq of the 52 samples of compounds, the correlation coefficient of the correlation equation is 0.9756, and the standard deriva-
tion is 0.052 V. Among the four factors, the contributions of the field/inductive effect, the conjugative effect and the excit-
ed-state substituent constant of group X to the changes of Er.q are relative large, while the contribution of the conjugative ef-
fect of group Y is relative small, and can not be ignored.

Keywords substituented N-benzylidenebenzenamine; reduction potential; substituent effect; excited-state substituent param-
eter; chemical shift
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Synthesis of Tetrahydrothiophene and Thiophene-fused Porphyrin
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and Chemical Engineering, Hunan University of Science and Technology, Xiangtan, Hunan 411201, P. R. China
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The sulfa-Michael/aldol cascade reaction of 1.4-dithiane-
2,5-diol to 2-NO,-porphyrin has been developed, and this
method provides a new facile approach to tetrahydrothiophene-
fused porphyrin. Thermal methodologies drive dehydration and
aromatization of tetrahydrothiophene-fused porphyrin to form
thiophene-fused porphyrin in high yield. The peripheric fused-
thiophene did not change the coordination properties of the
porphyrin to Zn(1l) and Ni(Il).

Porphyrins have attracted considerable attention in recent
years because of their potential applications in catalysts,
molecular sensing, artificial photosynthesis, nonlinear optical
materials, molecular wires, photodynamic therapy, and so on.!
Chemical functionalization of porphyrins has attracted increas-
ing interest because it is not only helpful for understanding
the intriguing properties of porphyrins but also of practical
significance for potential applications. To date, many methods
have been developed to modify porphyrin, and they are mainly
focus on two aspects, the macrocycle and peripheral substitu-
ents.”* Among these studies, the introduction of fused 7-
conjugated segments to the macrocycle is both an important and
interesting, which is due to only a small extension of the
porphyrin 7 system maybe leading to largely altered properties.’

n-Extended porphyrins are well-known for their unusual
properties such as strong absorption in the far-red region of the
electromagnetic spectrum, which offers opportunities for tech-
nology and medicine that arise from their linear and nonlinear
optical properties.®” In addition, the introduction of fused
m-conjugated segments for porphyrins will give these new
compounds a significant modification of their optical features,
redox characteristics, and the HOMO-LUMO energy gap, which
are expected to have applications in various types of functional
materials.® Until now, various methods have been utilized to
synthesize m-extended porphyrins and a variety m-extended
porphyrins have been synthesized by fusing benzene.” corannu-
lene,'? naphthale‘ne,” anthracene, '? py'rene,I3 and azulene™®
through the meso- and B-positions of porphyrins. Thiophene,
as an important heterocyclic compound, was also introduced
to porphyrin and the 2,3-thieno-bridged porphyrin showed a
larger antiaromatic contribution than did the 3,4-thieno-bridged
porphyrin.'4

In the present work, for the first time we report a high
selectivity synthetic strategy to synthesis tetrahydrothiophene-
fused porphyrin across the P-position of porphyrin by sulfa-
Michael /aldol-type reaction between 2-NO,-porphyrin and 1.4-
dithiane-2,5-diol. And then, tetrahydrothiophene-fused porphy-
rin can transform to thiophene-fused porphyrin conveniently
though a dehydration and aromatization reaction (Scheme 1).

1,4-Dithiane-2,5-diol,"> the mercaptoacetaldehyde dimer,
is a convenient and efficient synthon which can react with

Ph H5—
V!
'OH
‘N,
Ph Pn
Ph Ph s
—NO; )
Ph
a) D)
Ph— Ph—— | 2 Ph Ph
PhoH s
“OH
Ph iND: Fh

1 Ph Ph 3M=H
<)
M= zn-:-l d)
5: M= Ni

Ph
F)

Scheme 1. Synthesis of tetrahydrothiophene-fused porphyrin and
thiophene-fused porphyrin. Reaction conditions: a) 1,4-dithiane-2,5-
diol (2equiv), base, dichloromethane, rt; b) dimethyl sulfoxide
(DMSO0), 190°C, 5min; ¢) Zn(OAc), (10equiv), ethanol /chloroform,
50°C, 3h; d) Ni(OAc), (10equiv), ethanol/chloroform, 50 °C, 12h.

Table 1. Optimization of the reaction conditions

Ph Ph HS— PhHS—
—no, o o x o
3 oo o o
Ph Ph & 5\() E Ph + Ph
o
h Pn n
1 2 2
Yield/%
Entry* Base Solvent T/°C t/h ——m—
2a 2b
1 Et;N toluene it 12 55 20
2 EtN toluene 100 12 56 22
3 Et:N THF it 12 28 10
4 EtN THF/CH;OH" It 12 45 20
5 Et:N THF/CH:;OH® 70 12 46 24
6 EtN DMF t 12 35 18
7 EtN DCM it 12 60 25
8 K,COy DCM t 12 32 16
9 Cs,CO; DCM t 12 48 12
10 DBU DCM it 10min  trace 40
11 Et;N°¢ DCM it 2 70 trace

4Unless otherwise specified, the reactions were carried out with 1
(0.015mmol), 1,4-dithiane-2,5-diol (0.03 mmol), base (0.03 mmol), in
the solvent (5mL). Ve Vion = 5:1. *EtN (0.15 mmol) was used.

nitroalkenes and provide nitrotetrahydrothiophene derivatives.
So we tested the sulfa-Michael/aldol cascade reaction of 1,4-
dithiane-2,5-diol to 2-NO,-porphyrin 1. In an initial study, we
investigated a series of organic solvents and bases for the sulfa-
Michael/aldol cascade reaction between 2-NO,-porphyrin 1 and
1.4-dithiane-2.5-diol (Table 1). First, we picked several solvents
to test the influence of solvent in the sulfa-Michael/aldol
cascade reaction. In each case the experiment was conducted for
12h. The reaction was indicated by the change in the solution
color from green to red-brown, and its progress was monitored

Chem. Lett. 2015, 44, 1515-1517 | doi:10.1246/cl.150711
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ABSTRACT: Fluorescent nanoparticles with multiplex distinct emission signatures and high brightness by a single wavelength excitation
are substantially needed in multiplex bioassays and imaging. In this study, we synthesized fluorescent polymeric nanoparticles incor-
porated with three polymerizable organic dyes via a one-pot miniemulsion. By altering the doping ratio of three tandem dyes, the
nanoparticles display abundant multiple fluorescence such as blue, cyan, green, orange, pink, red etc., together with distinguishable
emission signatures under a single wavelength excitation, which were arising from the effective fluorescence resonance energy transfer
(FRET) between the three energy-matched dyes. Meanwhile, a large Stokes shift (up to 250 nm) can be generated by taking place
multiple FRET cascade mechanism between donor and acceptor fluorophores in nanoparticles, which also suggests broad applications
in biological labeling and imaging. Moreover, these nanoparticles are uniform in size, highly bright, excellently photostable, and
shown prominent longterm stability. Overall, the novel multicolor fluorescent polymeric nanoparticles augur well for their potential

applications in multiplexed bioanalysis and emitting displays. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41492.

KEYWORDS: colloids; dyes/pigments; nanoparticles; nanowires and nanocrystals; optical properties
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INTRODUCTION

Recently, elaboration of nanomaterials which emit multi distin-
guishable fluorescence signals under a single wavelength excita-
tion have attracted considerable attention in many fields
including multiplexed bioassay,' cell labelling,? detection of can-
cer cells,” monitoring of bacteria,® ratiometric sensor,” and
emitting displays® etc. Generally, the known pathways toward
fabrication of multicolor fluorescent system mainly concern
quantum dots (QDs), which possess tunable emission wave-
length and wide absorption bands.”® Ideally, by using QDs with
six colours in 10 different intensities, a library of approximately
one million optically encoded polymer microspheres were gen-
erated for parallel and high throughput analysis." Moreover,
QDs as multiplexed imaging probes have also revealed signifi-
cant potential for in vivo applications. For example, QDs were
evaluated for in vivo multiplex imaging of mouse embryonic
stem cells and lymphatic basins,”'® However, application of
QDs as probes is often hindered by their sporadic blink, unsure
long-term cytotoxicity and tedious surface functionalization.'""?

Nowadays, other fascinating routes involve multicolor fluores-
cent nanoparticles (MFNs) assembled from materials like poly-
mer, gold, silica and other inorganic materials have also been
investigated.”®'*~> Most of these nanoparticles were designed
with the encapsulation of three or more tandem organic/inor-
ganic fluorophores, to construct a cascade fluorescence reso-
nance energy transfer (FRET) system upon excitation.” ®'?72¢
By varying the choice, the amount and the ratio of incorporated
dyes, the MFN could reveal desired multicolor as well as fine-
tuned emission spectra under a single wavelength excitation.
For example, Tan et al."> synthesized novel FRET-mediated mul-
ticolor silica nanoparticles, which exhibit tunable multi emis-
sions by combination of three tandem fluorescent dyes, and
further used them for simultaneous multiplexed monitoring of
cancer cells and bacterial pathogens with the desired degree of
sensitivity and selectivity.>* Law et al.'* prepared a series of bio-
compatible fluorescent polymer nanoparticles with multi dis-
tinct emission signatures by doping with combinations of four
carbocyanine-based fluorophores, and used them for multi-
plexed imaging. Liu et al.'” reported the fabrication of

Additional Supporting Information may be found in the online version of this article.

© 2014 Wiley Periodicals, Inc.
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Abstract The conjugate addition of bromoform with 2-aryliene-2,3-dihydro-1H-
pyrrolizin-1-ones in the presence of magnesium afforded novel 2,2-dibromo-3-a-
rylspiro[cyclopropane-1,2’-pyrrolizin]-1'(3’H)-ones in moderate yield. The struc-
tures of all the products were characterized thoroughly by 'H NMR, '>C NMR,
infrared spectroscopy, and mass spectrum.

Keywords Spiroheterocycle - Conjugate addition - Cyclopropane -
Pyrrolizin

Introduction

Pyrrolizinone is an important example of the heterocyclic compounds which contain
a nitrogen atom [1, 2]. At the same time, pyrrolizinone is also a key building block
of some natural pharmacologically relevant alkaloids [3]. Some compounds which
have the structure of pyrrolizinone have aroused great interest because of their broad
spectrum of biological activities, such as anti-inflammatory [4], analgesic [5],
antidiabetic [6], psychostimulant [7], antitubulin [8], photosensitizing [9], and
neurokinin-1 (NK1) antagonists [10].

On the other hand, the cyclopropane ring also has a significant part in a wide
variety of natural products and drug molecules (Fig. 1) [11-13]. In the past years, a
lot of chemists have examined methods of how to synthesis and separate them.
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ABSTRACT: Photoswitchable fluorescent polymeric nanoparticles (PFPNs) with
controllable molecular weight, high contrast, biocompatibility, and prominent
photostability are highly desirable but still scarce for rewritable printing, super-
resolution bioimaging, and rewritable data storage. In this study, novel amphiphilic
BODIPY-based PFPNs with considerable merits are first synthesized by a facile one-
pot RAFT-mediated miniemulsion polymerization method. The polymerization is
performed by adopting polymerizable BODIPY and spiropyran derivatives, together
with MMA as monomer, and mediated by utilizing biocompatible PEO macro-RAFT
agent as both control agent and reactive stabilizer. The amphiphilic BODIPY-based
PFPNs not only exhibit reversibly photoswitchable fluorescence properties under the
alternative UV and visible light illumination through induced intraparticle fluorescence
resonance energy transfer (FRET) but also display controllable molecular weight with
narrow polydispersity index (PDI), high contrast of fluorescence, tunable energy
transfer efficiency, good biocompatibility, excellent photostability, favorable photo-

(SP) (MC)

= PEO shell =PMMAcore & = FRET

reversibility, etc. The as-prepared PFPNs are successfully demonstrated for rewritable fluorescence patterning and high-contrast
dual-color fluorescence imaging of living cells, implying its potential for rewritable data storage and broad biological applications

in cell biology and diagnostics.

B INTRODUCTION

The successful preparation of photoswitchable fluorescent
nanoparticles (PFNs) has been extensively studied for their
potential applications as chemical sensing, rewritable data
storage, and ultrahigh-resolution biological imaging.1 In general,
PFNs often utilize photochromic compounds, such as
spiropyrans,” diarylethenes,” and spirooxazines,* to bring
photoswitchable fluorescence property. In a popular fluores-
cence resonance energy transfer (FRET) strategy, these
photochromes, like spiropyrans,” usually act as switchable
energy acceptors under the irradiation of UV or visible light to
quench or recover the fluorescence of another nearby energy-
matched fluorophores (energy donor). Obviously, these are the
desired features which help to overcome the autofluorescence
interference of cells in bioimaging or surpass the limitation of
spatial resolution of ~250 nm for routine fluorescence
microscopy.' >

To date, various strategies such as surface modification,® self-
assembly method,” and microemulsion®® or miniemulsion
polymerization,® etc., have been employed to prepare various
PENs. However, it is noteworthy that the surface modification
of fluorescent nanoparticles like quantum dots has potential
defects such as blinking and cytotoxicity,” and the self-assembly
strategy often involves a complicated synthesis,” while the
adoption of microemulsion polymerization is hard to modulate
the amount of embedded dyes,za’b which is ascribed to the

-4 ACS Publications  © 2015 American Chemical Society

3500

different diffusion coeflicients between the selected dyes with
monomer or matrix in water (or another media). In addition,
many reported PFNs often introduced fluorescent dyes via
doping or physical adsorption, which implies potential dye
leakage and aggregation, significantly limiting their advanced
biological applications.** Notably, although traditional
miniemulsion polymerization has displayed some advantages
for preparing PFNs, such as facile and versatile preparation
route, improved photostability, and tunable amount of
incorporated dyes,® there are still some problems like surfactant
migration or desorption need to be resolved, when adopting
general ionic surfactant like sodium dodecyl sulfate (SDS).’° In
addition, the radical polymerization process in conventional
miniemulsion strategy also cannot control the polymerization
rate and the polydispersity index (PDI) of formed polymer,
which will be bring undesirable effects on the architecture of
prepared polymers or the morphology of particles.'"’ To
overcome these drawbacks, a facile and elegant way is to
adopt reversible addition—fragmentation chain transfer
(RAFT)-mediated miniemulsion polymerization strategy and
use amphiphilic macromolecular (macro-) RAFT agents as
both stabilizer and control agent.'" These macro-RAFT agents
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carbon-modified BiVO4 composites with enhanced
photocatalytic activity
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ARTICLE INFO ABSTRACT

Available online 20 March 2015 In this study, a series of carbon-modified BiVO, composites were prepared by hydrothermal-
carbonization method using glucose as carbonaceous resource. The composites were
characterized by X-ray diffraction (XRD), ultraviolet-visible diffuse reflectance spectrum
(UV-vis DRS), scanning electron microscopy (SEM), transmission electron microscopy (TEM)
and photoluminescence (PL) techniques. The photocatalytic activity of the composites was
evaluated in degradation of methylene blue (MB) dye under irradiation of visible light. It was
found that the carbon content of the composites plays an important role in the photocatalytic
degradation, and the photocatalytic activity of carbon-modified BiVO, composites is higher
than that of pure BiVO4 The higher photocatalytic activity of the composites can be
attributed to their higher adsorption capacity and higher separation efficiency of photo-

Keywords:
Photocatalysis
Carbon-materials
Semiconductor
Composite materials

generated carriers.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, semiconductor photocatalysts are increasingly
important due to their application in treatment of environ-
mental pollution with sustainable solar energy [1-5]. The
key issue to utilize solar energy in photocatalysis is the use
of visible-light-responsive photocatalysts. Therefore, many
efforts have been made to design novel materials as visible-
light-responsive photocatalysts to deal with the environ-
mental problems [6-9]. Bismuth vanadate (BiVO,), with a
band gap of 2.4 eV that allows direct photo-activation under
visible light, has been widely used in photocatalytic evolu-
tion of O, and degradation of organic pollutants [10-12]. As
a photocatalyst, BiVO, is attractive because of its low
toxicity, low cost and high stability [10-12]. However, it

* Corresponding author. Tel./fax: +86 73158290045.
E-mail address: jttang1103@126.com (J. Tang).
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1369-8001/© 2015 Elsevier Ltd. All rights reserved.

suffers from serious issue of low activity due to the rapid
recombination of photogenerated electrons and holes in
photocatalytic process [13,14], which is the main hindrance
to its practical application in photocatalysis. Therefore, the
BiVO, materials doped with other components have rece-
ived increasing attention due to their improved photocata-
lytic activity as a result of the increased separation effic-
iency of photogenerated electron-hole pairs as well as the
extended photo-responsive range, etc. [15-18].

The preparation of functional materials starting from
cheap natural precursors through environmentally frien-
dly processes is a highly interesting subject in material
science today [19-21]. Much attention has been focused on
hydrothermal-carbonization process with the use of plant
biomass to produce functional carbonaceous materials
because the process is facile and well-controlled. Various
cheap and sustainable carbonaceous materials with desirable
nanostructure were prepared by this method under mild
conditions for a wide range of applications [19-21]. Recently,


www.sciencedirect.com/science/journal/13698001
www.elsevier.com/locate/mssp
http://dx.doi.org/10.1016/j.mssp.2015.01.053
http://dx.doi.org/10.1016/j.mssp.2015.01.053
http://dx.doi.org/10.1016/j.mssp.2015.01.053
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mssp.2015.01.053&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mssp.2015.01.053&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mssp.2015.01.053&domain=pdf
mailto:jttang1103@126.com
http://dx.doi.org/10.1016/j.mssp.2015.01.053

Joumal of Physical
Organic Chemistry

Research article

Received: 17 November 2014, Revised: 17 January 2015, Accepted: 23 March 2015, Published online in Wiley Online Library: 25 May 2015

(wileyonlinelibrary.com) DOI: 10.1002/poc.3450

Comparison of the 13C (C=N) chemical shifts of
substituted N-(phenyl-ethylene)-anilines and
substituted N-(benzylidene)-anilines

Zhongzhong Cao™®, Chaotun Cao™® and Chenzhong Cao™"*

Comparison of "*C NMR of C=N bond chemical shifts 6.(C=N) in substituted N-(phenyl-ethylene)-anilines XArC(Me) = NArY
(XPEAYs) with that in substituted N-(benzylidene)-anilines XArCH = NArY (XBAYs) was carried out. The 6.(C=N) of 61 samples
of XPEAYs were measured, and the substituent effect on their d-(C=N) were investigated. The results show the factors affecting
the 6c(C=N) of XPEAYs are quite different from that of XBAYs. A penta-parameter correlation equation was obtained for the 61
compounds, which has correlation coefficient 0.9922 and standard error 0.12 ppm. The result indicates that, in XPEAYs, the
inductive effects of substituents X and Y are major factors affecting the dc(C= N), while the conjugative effect of them have very
little effect on the Jc(C=N) and can be ignored. The substituent-specific cross-interaction effects between X and Y and between
Me of C=N bond and substituent Y are important factors affecting the dc(C=N). Also, the excited-state substituent parameter of
substitute Y has certain contribution to the d-(C=N). Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: '*C NMR chemical shifts; excited-state substituent parameter; inductive effect of substituent; N-(phenyl-ethylene)-anilines;
substituent specific cross-interaction effect
]

INTRODUCTION

The substituted anilines XArCR = NArY have been attracted wide-
spread attention because of its special nonlinear optical proper-
ties." ' Their molecules have a m-electron conjugate system
carrying a group at one end and another group at the opposite
end, so their optical and electrical properties are more suscep-
tible to subtle changes of the molecular structures. Therefore, it
is a meaningful work to probe the substituent effect on its regu-
larity of molecular internal charge distribution for understanding
and predicting the physicochemical property of this kind of com-
pounds.l'®'1 The NMR spectra are often used for investiga-
ting® " the substituent effect on its regularity of molecular
internal charge distribution by measuring the chemical shifts of
the atom in molecular specific position.

Neuvonen®~'? has investigated the substituent effects on the
electronic characteristic of the C=N bridging group in
substituted N-(benzylidene)-anilines XArCH =NArY (abbreviated
XBAYs) with the '*C NMR chemical shifts (C=N) of C=N bond
and obtained the valuable results: (1) for the X-substituents:
electron-withdrawing group (EWG) cause shielding, while
electron-donating group (EDG) behave oppositely; (2) in con-
trast, for the Y-substituents: EWG cause deshielding, while EDG
cause shielding of the C=N bond. Neuvonen®'® pointed out:
‘the presence of the specific cross-interaction between X and Y
could be verified’, but this specific cross-interaction effect was
not be quantified at that time. Recently, Cao®2” et al. deve-
loped Neuvonen’s research by exploring the other properties
of XBAYs and proposed the parameter Ac® to measure the
substituent-specific cross-interaction effect between substitu-
ents X and Y. Here, Ac” =0, — 0,1>={[0£(X) + arXN]-[o6(Y) + oz
N They combined the electronic effects of substituents X
and Y with the substituent specific cross-interaction between X

and Y to quantify the 6-(C=N). The obtained equation has good
predictability. Basing on the previous research, we come up with
another series of compounds, substituted N-(phenyl-ethylene)-
anilines XArC(Me)=NArY (abbreviated XPEAYs), whose mole-
cular structure is similar to the XBAYs. In XPEAYs, a group Me
replaces the atom H in CH=N of XBAYs, and results in more
complicated cross-interactions of the substituted groups. For
the compounds XBAYs, there are four situations'® of interac-
tions among the substituents X and Y, while in the XPEAYs, Me
is an EDG and will act with X and Y through the conjugate chain,
respectively. It is a very attractive topic whether the change reg-
ularity of the dc(C=N) in XPEAYs is as the same as that in XBAYs
or not. Therefore, we investigated the aforementioned topic and
obtained meaningful results in this work.

EXPERIMENTAL SECTIONS

Materials prepared

The target compounds were synthesized by heating reflux method.?'~24

The substituted actophenone (10 mmol) and the substituted aniline
(11 mmol) were mixed in a 50 ml round-bottom flask with 5 ml toluene

|

* Correspondence to: C. Cao, School of Chemistry and Chemical Engineering,
Hunan University of Science and Technology, Xiangtan, 411201, China.
E-mail: czcao@hnust.edu.cn

a Z Cao, C. Cao, C. Cao
School of Chemistry and Chemical Engineering, Hunan University of Science
and Technology, Xiangtan, 411201, China

b Z Cao, C. Cao, C. Cao
Key Laboratory of Theoretical Organic Chemistry and Function Molecule,
Ministry of Education, Hunan University of Science and Technology, Xiangtan,
411201, China

J. Phys. Org. Chem. 2015, 28 564-569

Copyright © 2015 John Wiley & Sons, Ltd.



Joumal of Physical
Organic Chemistry

Research article

Received: 8 February 2015, Revised: 6 April 2015, Accepted: 24 April 2015, Published online in Wiley Online Library: 20 May 2015

(wileyonlinelibrary.com) DOI: 10.1002/poc.3459

Group effect on ionization potential for
mono-substituted aliphatic compounds
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ABSTRACT: The group effect on ionization potential for mono-substituted aliphatic compounds RX was investigated, and it
was found that there is a good relationship between the ionization potential (/P) and the parameters, group electronegativity
Xeqx: the group polarizability XPEly, and the disperse contribution of single non-bond electron E, for titled compounds, and
these parameters earlier were easily calculated from the molecular structure. Moreover, the B3LYP density functional method
was also employed to estimate IP values of the same mono-substituted aliphatic compounds. The results showed that it was
difficult to get reliable ionization data using DFT method, and the regression equation with descriptors y.qx, PElx, and Eg4.
was more effective than DFT method in predicting IP values for titled compounds. The results are helpful to understand

the role of group effect on molecular properties. Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: DFT method; group effect; ionization potential; mono-substituted aliphatic compound
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INTRODUCTION

The ionization potential (IP) is an important molecular property
that describes the process of removal of an electron from the
molecule and the production of a mole-ion, and knowledge of its
value is necessary to understand a wide range of processes in
chemistry and biology."'~! Although there are many kinds of mea-
surements, such as photoelectron spectroscopy, photoionization
mass spectrometry, electron impact techniques, and so on, used
to measured IP values, there are IP values of many compounds un-
touched because of enormous experimental difficulties. Hence,
there is still considerable interest in finding relations between
the molecular structures and /P values of compounds and
predicting the untouched IP values of compounds.

For a mono-substituted compound YX, it can be divided into a
substituent/functional segment (collectively called group) X and
parent Y, and thus there are two major threads of research. On
the one hand, McGlynn et al. investigated the effect of variable
alkyl R on the ionization potentials of alkylated molecules RX
with  the restricted Hartree-Fock Self-Consistent Field
approach.” Cauwelaert’s work showed that there is a relation-
ship between the ionization potential and the Taft factor when
molecules belong to a homogeneous series of compounds.”
Cherkasov and Jonsson investigated ionization potentials for 48
C-centered radicals with operational atomic parameters, and
obtained a good result.®! With the Polarizability Effect Index
(PEI), Cao et al. discussed the polarization effect of variable R
on the /P values for ROH, RSH, RNH,, Rl, RBr, RCHO, and so
on.1% On the other hand, for IP data of some mono-substituted
and di-substituted benzenes, Crable and Kearns'" found that
there is a linear correlation between the IP values of mono-
substituted benzenes or toluenes and " substituent constants.
Benoit also observed that the IP values of mono-substituted and
di-substituted benzenes are related to the sum of Brown’s o,," of
the substituents for both the meta-isomer and para-isomer.'? To
our surprise, there are few researches of the functional
segment/substituent effect (collectively called group effect) on

ionization potentials for aliphatic compounds. Recently, for ali-
phatic compounds, Yuan and Cao'"® proposed a novel concept
system, organic homo-rank compound, and studied the ionization
potentials of three sets of homo-rank compounds with IPy=a
+ bIP)+ bPElR), where [Py, is the ionization potentials of MeX
and PElg, is the polarization index of alkyl R.

Now, for aliphatic compounds RX in which alkyl R is fixed and
group X is varied, what we particularly want to know is the group
effect on their IP values. In the paper, we aim to extract the descrip-
tors from molecular structures and develop a heuristic formula to
quantify the group effect on IP values for aliphatic compounds.

RESULTS AND DISCUSSIONS

As we know, the ionization potential of a molecule is given by

o ion molecule
IP= Etotal - Etotal

Generally speaking, the ionization potential of organic com-
pound depends on energy of two states: (1) energy of the initial
state (molecular state) and (2) energy of the final state (ionic

|
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Ni-Mn304 nanocomposite has been prepared successfully by chemical oxidation in an alkaline solution of
Mn?* on the surface of Ni nanoparticles with OH functional groups using one-pot method. The obtained
Ni-Mn304 nanocomposite was characterized using a scanning electron microscope (SEM), a transmission
electron microscope (TEM), X-ray diffraction (XRD) analysis and various electrochemical techniques, such
as cyclic voltammetry (CV), galvanostatic charge/discharge (GC/D) and electrochemical impedance spec-
troscopy (EIS). The average crystal sizes of Mn;04 were found to decrease linearly with increasing Ni con-

Keywords: . tent in the Ni-Mn30,4 composite. The Ni-Mns0,4 nanocomposite could be easily conditioned and inverted
Supercapacitor . . . . 1 .

Mns0, to birnessite-type MnO,. A specific capacitance of 230 Fg~' (based on pure Mn30,4) was obtained for the
Nanocomposite Ni (17.3%)-Mn304 nanocomposite at a current rate of 0.25 A g~', and 94% of the initial capacitance was

Chemical precipitation retained after 1000 GC/D cycles at a current rate of 1 A g, It is concluded that the Ni-Mn30, nanocom-

Electrochemical properties

posite is a promising electrode materials for supercapacitors.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In recent decades, supercapacitors, also known as electro-
chemical capacitors (ECs), have attracted extensive attention due
to their higher power density, longer cycle life than batteries,
and higher energy density than conventional dielectric capacitors
[1,2]. The range of potential practical applications extends from
personal electronics to hybrid electric vehicles. Depending on the
charge storage mechanism, supercapacitors are generally divided
into two types [3]. The first type is based on the formation of elec-
trical double layers (EDLs) at the interface between surface of a
conductive electrode and an electrolyte. The second type is based
on a Faraday-type reaction occurring on the electrode material sur-
face, which is called pseudocapacitance because it exhibits a capa-
citive behavior rather than a distinctly peaked redox behavior
normally associated with intercalation. The transition metal oxi-
des/hydroxides with variable valence have been used as electrode
materials in pseudocapacitors [4-10]. Among the various candi-
date transition metal oxides, manganese oxides have been exten-
sively investigated as supercapacitor electrode materials due to
their low cost, non-toxicity and abundant raw materials [5,11,12].

Mns0, is one of the most stable manganese oxides and is con-
sidered as a mixed oxidation state of MnO-Mn,0s. Recently, a
few reports have indicated that Mn3;04 can be electrochemically
oxidized (conditioned) to birnessite-type MnO, after successive

* Corresponding author. Tel.: +86 731 58290045.
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potential cycles [13-18]. For example, Guo et al. reported the syn-
thesis of Mn3;0,4 microspheres and obtained a specific capacitance
of 219 Fg~'in 1 mol L' Na,S0O,4 aqueous solution after 400 poten-
tial cycles [17]. Komaba et al. studied the condition of the ball-
milled Mn5;0,4 in detail and obtained a specific capacitance of
190 Fg~!in 1 mol L~! Na,S0, aqueous solution after 250 potential
cycles [18]. However, the extremely low electrical conductivity
(approximately 1077-1078 Scm™!) and long conditioning time of
Mns;0,4 largely hinders its practical application in the
supercapacitors.

In order to improve the capacitive performance of Mn30,, a
promising approach is to fabricate a composite electrode with
Mns0,4 decorated onto highly conductive materials. Previous work
has focused mainly on carbon-based Mn304 composites [19-23].
For example, Cui et al. synthesized Mn30,4/CNTA (carbon nanotube
array) composites using the dip-coasting method; a specific capa-
citance of 292 F g~ ! (based on Mns0,4) was obtained in 0.5 M Na,_
S04 aqueous solution [19]. Li et al. prepared a Mn304/rGO (reduced
graphene oxide) composite via microwave hydrothermal tech-
nique; a capacitance as high as 315 Fg~! (based on Mn30,4) was
achieved in 1M Na,SO,4 aqueous solution [20]. More recently,
Gao et al. developed a by-product free strategy to synthesize gra-
phene/Mn3;0, composites with a maximum specific capacitance
of 260 Fg~! in saturated K,SO4 aqueous solution [21]. Although
the desired capacitive enhancements have been achieved to some
degree, these fabrication techniques are often costly, experimen-
tally intricate, and difficult to produce in large-scale. Despite inten-
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A class of novel 2-aryl-3-(1,3,4-thiadiazolyl)-6(8)-methyl-1,3-benzoxazines was prepared by reactions of
2-methyl-6-((1,3,4-thiadiazolylamino)methyl)phenols or 4-methyl-2-((1,3,4-thiadiazolylamino)methyl)-
phenols and 2- or 4-nitrobenzaldehyde in the presence of TMSCI in refluxing toluene. The electron-donat-
ing methyl group on the benzene ring played an essential role on the reactivity of the substituted phenols,
which was proved by DFT calculation. The fungicidal activity of the resultant products were also prelimi-
narily evaluated, most of which displayed moderate to good fungicidal activity. Especially, compound 6f
showed 98.0% activity against Sclerotonia sclerotiorum and Botrytis cinerea at concentration of 25 pg/mL.

© 2015 Elsevier Ltd. All rights reserved.

The importance of 1,3-benzoxazine derivatives in biological
systems has received much attention because of their broad bio-
logical activities, such as analgesic,' anticancer,>™ antitumour,’
antiplatelet,’ antibacterial and fungicidal,”® antituberculosis,'®
antihypertensive,'! and antithromobotic activities.'? Particularly,
some 1,3-benzoxazines are potential and orally bioavailable CCR2
and CCR5 dual antagonist,'> epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors,* anticancer agents'* and HCV
NS5a inhibitor.”® In addition, 2-unsubstituted 1,3-benzoxazine
derivatives are important materials to prepare phenol-formalde-
hyde resins.'®"'® Consequently, the synthesis of new 1,3-benzox-
azine derivatives with special character attracts great interests
from organic chemists. Therefore, many reports have been dis-
closed to access these chemicals in the past few decades.'?~2°
Previously, we reported the synthesis of substituted 1,3-benoxazi-
nes by reactions of 2-aminomethylphenols and aromatic aldehydes
with SnCl,, (CH3)sSiCl (TMSCI) as catalysts,®?’~2° and most of
which showed good fungicidal activity. As a part of our continuous
project aimed at searching for new effective fungicides, we planed
to prepare a series of new 2-aryl-3-(1,3,4-thiadiazolyl)-1,3-ben-
zoxazines. However, under the same conditions, the reactions of
2-(1,3,4-thiadiazolylaminomethyl)phenols 4a or 4b and aromatic
aldehydes to prepare the target compounds failed. Presumably,
the reactivity of 2-((1,3,4-thiadiazolylamino)methyl)phenol might
be so low because of the electron-withdrawing effect of

* Corresponding author. Tel./fax: +86 731 58291379.
E-mail address: zltang67@aliyun.com (Z.-1. Tang).
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1,3,4-thiadiazolyl group. Alternatively, we prepared a new class
of 3-(1,3,4-thiadiazolyl)-1,3-benzoxazines by phase transfer cat-
alyzed reactions of 2-((1,3,4-thiadiazolylamino)methyl)phenols
and CH,Cl, *° Interestingly, we found that 2-methyl-6-((1,3,4-thia-
diazolylamino)methyl)phenol formed by introducing a methyl
group on the benzene ring can smoothly react with aromatic
aldehydes under the aforementioned conditions, affording the
desired 2-aryl-3-(1,3,4-thiadiazolyl)-6(8)-methyl-1,3-benzoxazi-
nes (Scheme 1). Thus, we present herein the results on the synthe-
sis and fungicidal activity investigation of these compounds.
According to the synthetic route as shown in Scheme 1,
reactions of 2-amino-5-alkyl/aryl-1,3,4-thiadiazloes 2 with salicy-
laldehyde or substituted salicylaldehydes with TsOH as catalyst
in refluxing anhydrous ethanol smoothly gave out the correspond-
ing Schiff bases 3, which was reduced by NaBH, to 2-((1,3,4-thia-
diazolylamino)methyl)phenols 4a-4i.>**! We then tried the
reaction of 4a (R!=H, R?=Me) with 4-nitrobenzaldehyde 5a in
toluene or THF or chloroform/cyclohexane (v:v = 1:4) with SnCl,
as catalyst,”” the reaction did not occur at all (No. 1-3, Table 1),
neither did the reaction with TMSCI as catalyst in toluene (No.
4)2829 It was also observed that the reaction of 4b (R'=H,
R? = Et) with 5a in the presence of TMSCI or (CHs);Sil (TMSI) in
toluene or chloroform/cyclohexane (v:v = 1:4) failed to yield the
desired product (No. 5-7). Likewise, the reaction of 4a with
formaldehyde using TMSCI as catalyst in toluene did not generate
the desired product (No. 8). The main reason for these failure is
possibly the low reactivity of compound 4a and 4b caused by the
electron-withdrawing nature of 1,3,4-thiadiazolyl group. Of course,
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Abstract: This work was focused on the investigation of the temperature- and pH-responsive polyurethane (PU)
membranes and their permeability to amino-acids in response to environmental stimuli. The PU membrane was
prepared from a wet phase inversion method and a two-step solution polymerization from polycaprolactone diols
(PCL), 4,4'-diphenylmethane diisocyanate (MDI), dimethylol propionic acid (DMPA), efc. The chemical structure,
phase state, morphology and surface wettability of the membrane were characterized with Fourier transform infrared
(FTIR) spectrometer, differential scanning calorimetry (DSC), scanning electron microscopy (SEM) and contact
angle tester, respectively. The temperature and pH responses of the membrane were investigated by means of an
amino-acid permeate experiment. The L-phenylalanine (L-Phe) was chosen as model amino-acids. The permeation of the
L-Phe was measured using a dead-end flow filtration at varied temperatures and pH, and characterized by the per-
meate flux (J) and rejection coefficient (R). J of the L-Phe across the PU membrane increased with increasing
temperature and showed a sharp increase when temperature was raised to the crystalline melting temperature (7,,)
of the soft segment of PU, while decreased with increasing pH and having a sharp decrease when pH reached the
dissociation constant (pK,) of DMPA contained in PU macromolecules. While, the R behavior of L-Phe was just
opposite from the results of J, which decreased with increasing temperature and increased with increasing pH,
also showing the temperature and pH responses. Hopefully, the PU membrane with temperature- and pH-control-
lable permeability has promising prospects in water treatment, membrane separation, drug delivery system, efc.

Keywords: polyurethane, membrane, temperature response, pH response, L-phenylalanine, permeate flux, rejection

coefficient.

Introduction

Stimuli-sensitive or -responsive membranes, also called
smart membranes, have continuously been studied over several
years."” These membranes can reversibly change their pore
size, permeability, surface wettability, efc. on receiving external
stimuli, such as temperature, pH value, ionic strength, chemical
cues, light or magnetic fields in environmental conditions.*®
Thus, the mass transfer and separation properties of these
membranes can be easily regulated by adjusting external stim-
uli. In particular, the membranes that can respond to dual or
even multiple external stimuli are of particular interest, and
have been widely studied in recent years. Of all dual stimuli-
responsive ones, temperature- and pH-responsive membranes
have drawn much attention,” because most physiological
environments manifest themselves by a change in tempera-

*Corresponding Authors. E-mails: hnustchem@163.com or
zhouzhihuawy@163.com
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ture and/or pH.

Thermal sensitive polyurethane (TSPU) is one of the most
popular and prominent temperature-responsive polymeric
materials.'”'* TSPU has a typical block or segmented struc-
ture consisting of thermally reversible phases (soft segments)
and fixed phases (hard segments).'*"" In many cases, the soft
segment shows a phase transition temperature (crystalline
melting transition or glass transition temperature), which can
be used as a switch temperature (7;). Soft segment softens
or hardens when temperature is raised above or reduced
below the T, with sharp changes in physical properties of
polymers, especially the changes of free volume hole size or
pore size, and micro-Brownian motion of macromolecules.'*"
In recent years, many researchers including our team mem-
bers have focused on utilizing the phase transitions of TSPU
to design smart membranes with controllable permeability
and applied them in many fields, such as gas purification,
food packaging, membrane separation, efc.'*'*'* Here is an
idea: is there a method to fabricate a new kind of PU mem-
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performed by UV-vis, FT-IR, Raman spectroscopy, and SEM. The electrochemistry behavior of NiCoHCF/GO-CNTs
was studied by cyclic voltammetry. The NiCoHCF/GO-CNT modified GCE (NiCoHCF/GO-CNT/GCE) exhibited
greatly improved electrocatalytic activity towards electrooxidation of hydroxylamine. The modified electrode ex-
hibited a wide linear range from 0.2 uM to 150 uM and a low detection limit (LOD) of 0.08 pM.

© 2015 Published by Elsevier B.V.

1. Introduction

Graphene oxide (GO) possesses many unique advantages, such as
good hydrophilicity, low toxicity, high surface area, and excellent bio-
compatibility [1]. But, its poor electrical conductivity limits its direct ap-
plication as electrically active materials. Nanohybrid or nanocomposites
can combine the advantages of each component and exhibit improved
properties [2-4]. Carbon nanotubes (CNTs) are also very attractive in
electroanalysis [5], so combining one-dimensional CNTs with two-
dimensional GO and using the hierarchical carbon nanohybrid in the
electrochemical determination is worthwhile. Not only can the combi-
nation of CNTs and graphene increase the conductivity of GO, but the
synergy between CNTs and GO can enhance the electrocatalysis proper-
ties of nanohybrid over CNTs or GO alone [6-8].

Metal-hexacyanoferrates (MHCFs) belong to a class of polynuclear
inorganic compounds. The hybrid hexacyanoferrates, such as nickel-
cobalt hexacyanoferrate [9], copper-cobalt hexacyanoferrate [10,11],
nickel-palladium hexacyanoferrate [12], cobalt-iron hexacyanoferrate
[13,14], and nickel-iron hexacyanoferrate [15] have been studied.
These hybrid MHCFs possess unique electrochemical property to medi-
ate electrochemical reactions such as electro-catalyzed oxidation of hy-
drazine [10], cysteine [11], isoniazid [13], and H,0, [14]. They can
improve the stability and have a different electrochemical behavior
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compared to single component [16]. Recently, the combination of
graphene and MHCFs for construction of electrochemical sensor has
been proposed [17-19]. Due to the synergic electrocatalytic action be-
tween graphene and MHCFs, the nanocomposites of graphene and
MHCFs were proved to expand their applications in electroanalytical
field [18,19].

In this study, the nanohybrid of GO nanosheets and carboxylated
CNTs (GO-CNTs) was prepared through m-m interaction. The nickel-
cobalt hybrid hexacyanoferrate (NiCoHCF) was used to decorate
the GO-CNTs by electrodeposition process for the first time. The mor-
phology and the electrochemical behavior of the NiCoHCF decorated
the GO-CNT nanohybrid (NiCoHCF/GO-CNTs) were characterized. The
nanohybrid was used for the electrochemical detection of hydroxyl-
amine with low detection, wide linear rang and good selectivity.

2. Experimental
2.1. Reagents and materials

Graphene oxide was purchased from Nanjing XFNANO Materials
Tech Co., Ltd (China). Multi-wall carbon nanotubes (CNTs >95% purity,
diameter 10-20 nm, length 5-10 pm) were bought from Aladdin Indus-
trial Inc. Nickel chloride hexahydrate (NiCl,-6H,0), cobalt chloride
hexahydrate (CoCl,-6H,0), hydroxylamine, and potassium ferrocya-
nide (K4Fe(CN)g) were obtained from Shanghai Chemical Reagent Co.
(China). All other materials and solvents were of analytical grade and
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Chromotrope 2R (CR) is a monoazo dye, which can be easily degraded under ultraviolet C (UVC) light
irradiation. However, the degradation extent of CR is suppressed after it is chelated with Cu®* ions to
form a coordination complex (Cu?*—CR). This phenomenon was developed as a novel method for the
quantitative detection of Cu?* ions, which is based on determining the change in absorbance (AA, the
absorbance of Cu?*—CR complex subtracted by that of CR after UVC light irradiation) by UV-visible

absorption spectrum. Under the optimal detection conditions, AA at 509 nm highly depends on the
Received 10th October 2014

. 2+ - . -9 —6 i
Accepted 30th October 2014 concentration of Cu“" ions in the range from 5.0 x 1077 to 1.0 x 107° M as expressed by the following

equation: AA = 0.3066 + 0.03605 lg c with the correlation coefficient of r = 0.9912. The limit of
detection (ld) is 3.4 nM as calculated by the formula 3¢ = 0.3066 + 0.03605 lg ld. This method provides
affordable and selective detection of Cu®* ions and was used to detect Cu®* ions in a human hair sample.
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1. Introduction

Copper ion (Cu") is one of the essential transition metal ions in
the human body, and its deficiency or excess may cause health
problems.! The deficiency of Cu®>" may lead to hematological
manifestations* and diverse neurological problems.> Moreover,
excess amount of Cu®" may cause gastrointestinal disturbance
and neurotoxicity, which is commonly known as Parkinson's
disease and Alzheimer's disease, through the deposition of Cu®*
in the lenticular nucleus of the brain and liver.** Therefore, the
analysis and detection of Cu** in environmental and/or biological
samples is of great importance. Various sensors and techniques
have been developed for the determination of Cu**,*° such as
organic fluorophores™ or chromogenic sensors," a DNAzyme-
based method," the colorimetric detection,” absorbance spec-
trophotometry,** atomic absorption spectroscopy (AAS),* and
inductively coupled plasma mass spectroscopy (ICP-MS).*®
However, a sensitive and selective method for Cu®" detection is
still needed.

Chromotrope 2R (ref. 17) (abbreviated as CR, the structure is
shown in Scheme 1) is a type of azo dye.’®* CR and/or its
homologs have been used to detect nitrate,*® formaldehyde,*
methanol,* titanium,* and unsymmetrical dimethylhydra-
zine.”* Moreover, they were used as chelating agents for metal
ions, particularly Cu®" ions.>** For example, chromotropic
acid-intercalated Zn-Al layered double hydroxides have been
used to remove Cu”* ions,?® and polyurethane foam/2-(6"-ethyl-
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Science and Technology, Xiangtan, 411201, PR China. E-mail: |_yunfei927@163.com
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2/-benzothiazolylazo) chromotropic acid has been used to pre-
concentrate Cu®" ions in water samples.>

Herein, we found that UVC light induced decolorization of
CR could be suppressed after coordinating with Cu®" ions.
Furthermore, the decolorization extent of CR depends on the
concentration of Cu®>' ions. Thus, a novel method for the
detection of Cu”" ions was established using UV-visible spec-
troscopy. The content of Cu*" ions in a human hair sample was
detected successfully, indicating its potential application in
other environmental and biological samples.

2. Experiment
2.1 Instrumentation

UV-visible absorption spectra were recorded using a Lambda-35
UV-visible spectrophotometer (Perkin Elmer Instruments Inc.,
USA) and a quartz cell (1 x 1 cm?). Mass spectroscopy (MS) were
recorded using an ACQUITY UPLC/Xevo Q-TOF (Waters, USA)
instrument. A UVC lamp of 110 W (wavelength range 200-275
nm, Shanghai Yanguang Electronic Technology Co. Ltd., China)
was used as the UVC light source. A QL-901 Vortex (Qilinbeier
Instrument Manufacturing Co. Ltd., Haimen, China) was used
to mix the reaction solution.

OH OH

N

NaO;S SO;Na

Scheme 1 Chemical structure of CR.

This journal is © The Royal Society of Chemistry 2015
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Introduction

Nuclear magnetic resonance (NMR) spectroscopy has attracted
immense attention because of playing an important role in not
only determining molecular structures but also explaining reac-
tion mechanisms, molecular dynamics, chemical equilibrium,
etc. With the advancement of NMR technology, there is more
and more NMR experimental information obtained. Conse-
quently, many efforts have been made to understand relation-
ships between molecular structures and different kinds of NMR
chemical shifts.[>~'%

In investigations on '*C NMR of specific carbons for aromatic sys-
tems with a changing substituent, the chemical shift (dc) values are
usually calculated with the single substituent parameter treatment
or the dual substituent parameter treatment, "> shown as Eqns (1)
and (2), where g, of (or 0)) and og are the Hammett parameter, in-
ductive parameter, and resonance parameter, respectively, and C
is a constant.

dc =pa+C (M

dc = pio1(0rpgo) + pror + C 2

When two substituents in aromatic systems change simulta-
neously, what will happen to the substituent effect on Jc values
of specific carbons? In Neuvonen’s studies on J¢ values of bridge
carbons for para-disubstituted benzylidene anilines’” (p-XBAY-p,
shown in Scheme 1) and para-disubstituted phenyl benzoates,
Egn (3) was recommended to correlate with the corresponding
experimental dataset. Cao’s group synthesized successively a series
of para-disubstituted cinnamy! anilines (p-XCAY-p)''® and a series
of para-disubstituted benzylidene N-(4-substituted styryl)anilines
(p-XBSAY-p),l""! whose structures are shown in Scheme 1, and re-
search results indicated that dc values of specific bridge carbons
can be correlated well with Eqn (3).

d¢ = por(X) + por(X) + por(Y) + por(Y) + C 3)

On this basis, Cao et al. studied further the alteration of substitu-
ent effects on dc of different bridge carbons for p-XCAY-p'® and on
dc values of the same type of carbons for different series of aromatic
Schiff bases."® Now, what is interesting for us is the regularity of

substituent effects on the chemical shifts of the previously
mentioned two types of specific carbons. That is to say, what
is the regularity of substituent effects on J¢ values of specific
bridge carbons for different aromatic Schiff bases? Although
the alteration of substituent effects was confirmed to associate
with the distance between the substituent and the corre-
sponding carbon, the forms of substituent parameters in two
papers were different. In this paper, the connection between
the strength of the substituent effect and the distance is
further investigated, and it is helpful to understand the regu-
larity of the substituent effect on dc values of specific bridge
carbons for aromatic compounds.

Results and discussions
The model establishment

In the conventional chemistry theory, the strength of substituent in-
ductive effect has long been considered to gradually decrease with
chemical bonds. Cherkasov®”! ever recommended that the substit-
uent inductive effect should change with the inverse square of the
distance between the corresponding substituent and the reaction
center, shown as Egn (4), where o4 is an overall empirical atomic
value, and r is the distance between the corresponding atom of
the substituent and the reaction center. However, for the strength
of the substituent conjugative effect, it does not decrease by the
length of the conjugated chain, but the charge signs of adjacent
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MnO,/3-dimensional porous crack nickel (MnO,/3-DPCNi) electrode has been fabricated via an alloying/
dealloying process and an electrochemical oxidation process. The construction of the 3-DPCNi was
achieved by means of electrodeposition of Zn-Ni alloy on Ni foam substrate, followed by chemically
dealloying process under free corrosion conditions. Scanning electronic microscopy (SEM) and X-ray
diffraction (XRD) were used to characterize the morphology and structure of the 3-DPCNi. The
electrochemical properties of the MnO,/3-DPCNi electrode were investigated using cyclic voltammetry
(CV), galvanostatic charge/discharge (GC/D) and electrochemical impedance spectroscopy (EIS)
technique. It is shown that a layer Ni with a cracked network was well coated on the Ni foam substrate.
Such porous crack structures of 3-DPCNi not only provided a conductive network to enhance the charge
transport and mass transfer in the electrochemical process but also achieved a large MnO, mass loading
capacity of 14.4 mgcm™2, which resulted in a high areal capacitance of 3.18 Fcm 2 at a current rate of
0.25A g™, A specific capacitance of 682.8 Fg~! was obtained based on the MnO, mass loading density of
2.5mgcm™2 at a current rate of 0.25A g~ 1. Moreover, the MnO,/3-DPCNi electrode also exhibited a low
ions diffusion resistance and a good cycling performance along with 93.3% specific capacitance retained
after 1000 cycles. These results demonstrated that the 3-DPCNi was a promising supporting material for
energy conversion and storage devices.

Keywords:
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Porous crack nickel
Manganese dioxide
Electrochemical performance

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

During the past years, supercapacitors, which are also known as
electrochemical capacitors or ultracapacitors, have attracted
intensive attention owing to their high power density and
super-high cycling life [1-2]. The range of potential practical
applications extends from mobile electronic devices to hybrid
electric vehicles. Depending on the charge storage mechanism,
supercapacitors are generally classified into two types [3]. The first
type is based on the formation of electrical double layers (EDLs) at
the interface between surface of a conductive electrode and an
electrolyte. The second type is based on a Faraday-type reaction
occurring on electrode material surface, which is called pseudo-
capacitance because it exhibits a capacitive behavior rather than a
distinctly peaked redox behavior normally associated with
intercalation.

* Corresponding author. Tel.: +86 731 58290045.
E-mail address: grxu@hnust.edu.cn (G.-r. Xu).
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The transition metal oxides/hydroxides with variable valence
have been used as electrode materials in pseudocapacitors [4-10].
Among the various candidate transition metal oxides, manganese
oxides have been extensively investigated as pseudocapacitors
electrode materials with respect to their low cost, high theoretical
capacity, environment friendliness and abundant raw materials
[5,11-12]. Unfortunately, the poor electrical conductivity and slow
ions diffusion of manganese oxides limit the full utilization of their
high pseudocapacitance. To improve on the above mentioned
shortcomings for better performing supercapacitive electrodes,
porous supports with high electrical conductivities and high
surface area to host manganese oxides have been extensively
investigated, including various carbon-based materials [13-17],
porous metal [ 18], and conductive oxide [19]. Specific capacitances
(SC) of 400-1200F g~ ! have been achieved for manganese oxides
in the above investigations. For example, Li et al. reported that the
SC for flowery a-MnOy nanostructure on hierarchically porous
graphene-carbon nanotube structure was 1200 F g~!, which is
close the theoretical capacitance value [15]; Xiao et al. [18]
deposited a MnO, film on porous Ni scaffold substrate, and
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ABSTRCT

A three-dimensional graphene oxide/carbon nanotubes-COOH hybrid (GO/CNTs-COOH) consisted of
two-dimensional graphene oxide (GO) and one-dimensional carbon nanotubes-COOH (CNTs-COOH) was
synthesized. The GO/CNTs-COOH hybrid exhibited excellent water-solubility owing to the high
hydrophilicity of GO components and the carboxylation of carbon nanotubes. The cobalt hexacyano-
ferrate decorated GO/CNTs-COOH (CoHCF/GO/CNTs-COOH) has been prepared using electrostatic
adsorption of Co?" on GO/CNTs-COOH and K4[Fe(CN)g] as an in-situ chemical precipitant. FT-IR, Raman
spectroscopy, TEM, SEM, and cyclic voltammetry were utilized to characterize the nanohybrid. The
electrochemistry behavior of hydrazine on different modified electrodes was also studied. The CoHCF/
GO/CNTs-COOH modified GCE (CoHCF/GO/CNTs-COOH/GCE) exhibited greatly enhanced electrocatalytic
performance towards electro-oxidation of hydrazine. The oxidation peak currents showed good linear
relationships with concentration of hydrazine. It can be applied to detect hydrazine in samples

sensitively.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Graphene oxide (GO) possesses much advantage, including
facile synthesis, high surface area, substantial solubility, low
toxicity, good hydrophilicity, and excellent biocompatibility [1]. Its
various oxygen-containing functional groups may protect carbon
sheets from restacking and agglomeration, make it disperse in
water and some other solvents readily [2,3], and also serve as the
combining sites for graphene-based nanocomposites. But, its poor
electrical conductivity limits its direct application as electrically
active materials. Thus, to decorate GO with electroactive species
noncovalently via m-m stacking, cation-r, van der Waals
interactions, or hydrogen bonding emerged [4-6]. Carbon nano-
tubes (CNTs), as a one-dimensional carbonmaterial, are recom-
mendable to hybridize with GO. The hybridization of CNTs not only
enhances the conductivity of GO, but there exists a great synergy
between CNTs and GO, which helps the nanocomposites to obtain

* Corresponding authors. Tel.: +86 0731 58290045.
E-mail addresses: keqindeng@hnust.edu.cn (K. Deng), zhqh96@163.com
(Z. Hou).
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the excellent electrocatalysis properties over CNTs or GO alone
[7-9].

Transition-metal hexacyanoferrates (TMHCFs) have been used
as electrocatalytic reaction mediators for their excellent electron-
transfer properties [10]. A variety of TMHCFs and the associated
composites have been developed [11-15]. Among them, cobalt
hexacyanoferrate (CoHCF) has been well applied for its unique
electrochemical property [15-19]. Li et al. have applied the CoHCF
modified MWCNTs/graphite composite electrode for amperomet-
ric detection of hydrazine on microfluidic chip [15]. Oiye proposed
CoHCF modified platinum disk electrode for detection of cocaine
[16]. The hybrid cobalt-iron hexacyanoferrate nanoparticles
modified electrode was fabricated by electrochemical methods
using MWCNT as a template [19]. Recently, increasing attention
has been paid to the combination of graphene and TMHCFs for
construction of electrochemical sensor [11-13,18]. Due to the
synergic electrocatalytic action between graphene and TMHCFs,
the scheme has been proved to expand electroanalytical applica-
tions [12-13].

As mentioned above, seeing that GO, CNT, and CoHCF has their
own advantages, we planed to use two-dimensional GO nano-
sheets and one-dimensional carboxylated CNTs (CNTs-COOH) to
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Group effect on ionization potential for
mono-substituted aliphatic compounds

Guanfan Chen®*, Mengzhuo Tang? Rongjin Zeng®", Wanqiang Liu®"*
and Chenzhong Cao™"*

ABSTRACT: The group effect on ionization potential for mono-substituted aliphatic compounds RX was investigated, and it
was found that there is a good relationship between the ionization potential (/P) and the parameters, group electronegativity
Xeqx: the group polarizability XPEly, and the disperse contribution of single non-bond electron E, for titled compounds, and
these parameters earlier were easily calculated from the molecular structure. Moreover, the B3LYP density functional method
was also employed to estimate IP values of the same mono-substituted aliphatic compounds. The results showed that it was
difficult to get reliable ionization data using DFT method, and the regression equation with descriptors y.qx, PElx, and Eg4.
was more effective than DFT method in predicting IP values for titled compounds. The results are helpful to understand

the role of group effect on molecular properties. Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: DFT method; group effect; ionization potential; mono-substituted aliphatic compound
]

INTRODUCTION

The ionization potential (IP) is an important molecular property
that describes the process of removal of an electron from the
molecule and the production of a mole-ion, and knowledge of its
value is necessary to understand a wide range of processes in
chemistry and biology."'~! Although there are many kinds of mea-
surements, such as photoelectron spectroscopy, photoionization
mass spectrometry, electron impact techniques, and so on, used
to measured IP values, there are IP values of many compounds un-
touched because of enormous experimental difficulties. Hence,
there is still considerable interest in finding relations between
the molecular structures and /P values of compounds and
predicting the untouched IP values of compounds.

For a mono-substituted compound YX, it can be divided into a
substituent/functional segment (collectively called group) X and
parent Y, and thus there are two major threads of research. On
the one hand, McGlynn et al. investigated the effect of variable
alkyl R on the ionization potentials of alkylated molecules RX
with  the restricted Hartree-Fock Self-Consistent Field
approach.” Cauwelaert’s work showed that there is a relation-
ship between the ionization potential and the Taft factor when
molecules belong to a homogeneous series of compounds.”
Cherkasov and Jonsson investigated ionization potentials for 48
C-centered radicals with operational atomic parameters, and
obtained a good result.®! With the Polarizability Effect Index
(PEI), Cao et al. discussed the polarization effect of variable R
on the /P values for ROH, RSH, RNH,, Rl, RBr, RCHO, and so
on.1% On the other hand, for IP data of some mono-substituted
and di-substituted benzenes, Crable and Kearns'" found that
there is a linear correlation between the IP values of mono-
substituted benzenes or toluenes and " substituent constants.
Benoit also observed that the IP values of mono-substituted and
di-substituted benzenes are related to the sum of Brown’s o,," of
the substituents for both the meta-isomer and para-isomer.'? To
our surprise, there are few researches of the functional
segment/substituent effect (collectively called group effect) on

ionization potentials for aliphatic compounds. Recently, for ali-
phatic compounds, Yuan and Cao'"® proposed a novel concept
system, organic homo-rank compound, and studied the ionization
potentials of three sets of homo-rank compounds with IPy=a
+ bIP)+ bPElR), where [Py, is the ionization potentials of MeX
and PElg, is the polarization index of alkyl R.

Now, for aliphatic compounds RX in which alkyl R is fixed and
group X is varied, what we particularly want to know is the group
effect on their IP values. In the paper, we aim to extract the descrip-
tors from molecular structures and develop a heuristic formula to
quantify the group effect on IP values for aliphatic compounds.

RESULTS AND DISCUSSIONS

As we know, the ionization potential of a molecule is given by

o ion molecule
IP= Etotal - Etotal

Generally speaking, the ionization potential of organic com-
pound depends on energy of two states: (1) energy of the initial
state (molecular state) and (2) energy of the final state (ionic

|
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Detection of Fe(in) and bio-copper in human serum
based on fluorescent AuAg nanoclustersy

Qian Zhao, Shenna Chen, Lingyang Zhang and Haowen Huang*

In this study, a fluorescence assay for the successive determination of Fe>* and Cu?* ions based on the
quenching fluorescence of composite AuAg nanoclusters (AuAg NCs) was developed. Using this binary
fluorescence sensor, the Fe(n) level in a human serum sample can be directly detected without
pretreatment. After the nitrification of human serum, the bio-copper level in human serum may be

measured with a quick response. Human serum samples were analyzed, and the average concentration

Received 28th September 2014 . 5 5 ) .
Accepted 4th November 2014 of Fe(i) and bio-copper were found to be 2.33 x 107> and 2.91 x 10> M, respectively. This assay was

not only sensitively responsive to blood iron() but also to serum copper, suggesting significant potential
DOI: 10.1039/c4ay02297a applications for successively monitoring the Fe(i) and bio-copper levels, and their changes during the

www.rsc.org/methods progression of a biological process.

1. Introduction

Noble metal clusters are an emerging class of fluorescent
nanomaterials, such as Au nanoclusters (NCs) and Ag NCs,"?
circumventing most of the drawbacks of common fluorescent
compounds, which have drawn wide attention in single-mole-
cule optoelectronic nanodevices, biological labeling, optical
sensing, novel catalysis, and surface-enhanced Raman spec-
troscopy (SERS).*® Recognition and quantification of metal ions
are considerably significant due to the fact that these ions play
important roles in various biological and environmental
processes.”’® In the past few years, there have been numerous
reports on the design of fluorescent sensors for the detection of
various metal ions, such as Hg”*,** Fe**,> Cu®" and Cd**,**** and
Pb>",’* because of their high sensitivity, specificity, and real-
time monitoring with fast response time.

Previous studies have demonstrated that copper and iron
deficiency may lead to a wide variety of neurological prob-
lems,'*"” cardiovascular disease and kidney damage.®* The
development of specific sensors, determining these metal ions
in aqueous media, constantly attract attention. Current
approaches for detecting Fe®" and Cu** ions include inductively
coupled plasma mass spectrometry (ICP-MS),**° atomic
absorption spectrometry*?*> and electrochemical methods.?***
Although these methods offer excellent sensitivity, they are
rather costly, time-consuming and complex. Most of the devel-
oped approaches to detect copper and iron ions are concentrated
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Education, Hunan Provincial University Key Laboratory of QSAR/QSPR, School of
Chemistry and Chemical Engineering, Hunan University of Science and Technology,
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on the design of selective sensors, only for one kind of metal ion.
In contrast, the investigation of sensors on successive or simul-
taneously detecting two kinds of these ions is rare. Thus, it is
important to develop a binary sensor to determine iron and
copper in practical samples, especially in the biological samples.

In this study, a type of composite metal nanoclusters, AuAg
NCs, with strong fluorescence have been prepared. A fluorescent
probe for the successive determination of Fe** and Cu®* ions,
based on the quenching fluorescence of AuAg NCs, has been
developed. Using this binary fluorescence sensor, a practical
application of a human serum sample was performed to deter-
mine Fe(m) and bio-copper levels. This assay shows a quick
response not only to the blood iron level but also to serum copper,
suggesting significant potential applications for successively
monitoring Fe(m) and bio-copper concentrations, and their
changes during the progression of a biological process.

2. Experimental
2.1 Chemicals

HAuCl,-3H,0, silver nitrate (AgNO3;), glutathione (GSH), diso-
dium ethylenediamine tetraacetate (EDTA), NH,F, ferric chlo-
ride (FeCl;), and cupric chloride (CuCl,) were purchased from
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). A
series of different concentrations of solutions were obtained by
dilution. The aqueous solutions were prepared with doubly
distilled water. The K*, Ca®*, Na*, Mg**, Zn>*, Mn**, Cd”", Ni*",
Br,1 ,F,bovine serum albumin (BSA), cysteine, pepsin, Co*",
Fe*", cu?', Pb** and AI*" metal ion solutions and molecules
were prepared to examine the metal ion induced emission
enhancement or quenching. The concentration of all prepared
metal ion solutions was 1 x 107> M. All reagents were of
analytical reagent grade and used as received.

This journal is © The Royal Society of Chemistry 2015
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GRAPHICAL ABSTRACT

« The interaction between novel 300+
spiro[cyclopropane-pyrrolizin]
(NSCP) and bovine serum albumin
(BSA) and was studied.

« The fluorescence quenching
mechanism is static quenching.

« The binding constants and binding
sites were calculated.

« Hydrogen binds and van der Waals
interaction force played a major role
in stabilizing the complex.
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The interaction between novel spiro[cyclopropane-pyrrolizin] (NSCP) and bovine serum albumin (BSA)
was analyzed by fluorescence and ultraviolet-visible (UV-Vis) spectroscopy at 298 K, 304 K and 310 K
under simulative physiological conditions. The results showed that NSCP can effectively quench the
intrinsic fluorescence of BSA via static quenching. The binding constants, binding sites of NSCP with
BSA were calculated. Hydrogen binds and van der Waals force played a major role in stabilizing the com-
plex and the binding reaction were spontaneous. According to the Forster non-radiation energy transfer
theory, the average binding distances between NSCP and BSA were obtained. What is more, the synchro-
nous fluorescence spectra indicated that the conformation of BSA has been changed.

© 2014 Elsevier B.V. All rights reserved.
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Introduction

Serum albumin (SA) is an important protein in the circulatory
system, which has been extensively studied among all proteins
and plays a significant role in the transport, distribution and met-
abolic pathway of many exogenous ligands, such as fatty acids,
amino acids, drugs and pharmaceuticals [1-3]. Bovine serum albu-
min (BSA) has an inherent fluorescing property attributed to the
presence of aromatic amino acids [4-6]. In our study, the BSA is
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In this paper, a promising combined assay for the successive detection of blood glucose and sera copper
levels based on etching of gold nanorods (GNRs) was developed. A hydroxyl radical-enhanced GNR
oxidation under ultraviolet irradiation facilitates the establishment of a plasmonic biosensor that may
quickly detect blood glucose. A linear relationship between the change of the plasmonic wavelength and
the glucose concentration was found (Al = 4.2284 + 132.0c) in the range of 0.23 to 0.928 mM and the
LOD was 0.45 uM. The determination of blood glucose using this proposed method was satisfactory and
closely comparable to the results given by the local hospital. On the other hand, a blue-shift of the
longitudinal plasmon wavelength induced by various forms of copper in the presence of Na,S,0Osz
provides a sensitive approach to detect the total copper level in a biological sample. The copper levels of
human sera were measured and corroborated by flame atomic absorption spectrometry, which confirms
that this approach might be applicable for bio-copper analysis with high accuracy. A combined assay for
the successive detection of the blood glucose level and serum copper was subsequently developed.
Compared to other related biosensors requiring a modified design, bio-molecular modification or/and
sophisticated instruments, the dual glucose and copper sensor is very simple, cost-effective and easy to
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DOI: 10.1039/c4ay02722a use for detection, suggesting great potential applications for successively monitoring blood glucose and

www.rsc.org/methods copper concentrations and their changes during the progression of diabetes.

Published on 01 December 2014. Downloaded by University of Michigan Library on 23/12/2014 09:36:55.

Introduction

Gold nanorods (GNRs) have attracted much attention in the
past decade due to their physical and chemical properties.*™
Their unique properties make them suitable for photothermal
therapy,>® imaging,”® gene delivery’ and data storage.*
Numerous biosensors for the detection of biological targets,
such as antibodies (or antigens) and DNA, were developed due
to GNRs being sensitive to the dielectric constant of the
surrounding medium.**"*¢ As for their use as a chemical sensor,
the determination of dissociated metal ions in an aqueous
solution could be achieved by modulating the plasmonic
properties of the GNRs.'”*®* This work greatly expanded the
biosensing application of GNRs, which provoked further efforts
to develop their bio-analytical applications.

Diabetes mellitus is one of the leading causes of death and
disability, which is a worldwide public health problem. The
main feature of diabetes is chronic hyperglycemia, which leads

Key Laboratory of Theoretical Organic Chemistry and Function Molecule, Ministry of
Education, Hunan Provincial University Key Laboratory of QSAR/QSPR, School of
Chemistry and Chemical Engineering, Hunan University of Science and Technology,
Xiangtan, China. E-mail: hhwn09@163.com; Tel: +86-731-58290045
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to the disturbance of carbohydrate, fat and protein metabo-
lism."*** Moreover, various secondary complications may occur
such as renal dysfunction and failure,* cardiac abnormalities,*
diabetic retinopathy,* neuropathy* and atherosclerosis.”® The
blood glucose level is used as a clinical indicator of diabetes
mellitus. Therefore, efforts to explore biosensors for fast and
reliable glucose monitoring in the diagnosis of diabetes have
received continuous interest. Meanwhile, there is accumulating
evidence that the metabolism of several trace elements such as
copper and zinc are altered in diabetes mellitus and that these
nutrients might have specific roles in the pathogenesis and
progression of this disease.’*® Plasma copper levels have been
found to be elevated in type-1 diabetes mellitus patients and the
urinary excretion of copper has been found to be affected by
diabetes mellitus.”® Recently, novel approaches for the detec-
tion of copper have attracted increasing attention.**-** Specific
glucose and copper detection for the diagnosis of diabetes
mellitus using simple and low-cost assays is important in clin-
ical diagnostics. Most current methods for the quantification of
blood glucose levels and serum copper require costly and
sophisticated instruments which are time-consuming, labor
intensive and expensive with complicated procedures. There-
fore, it is necessary to develop a quick and successive assay for
the combined detection of glucose and serum copper in order to

Anal. Methods
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A series of carbon-modified antimony sulfide (Sb,S3) composites were prepared by facile hydrothermal-
carbonization method using glucose as carbonaceous resource. The composites were characterized by X-
ray diffraction (XRD), ultraviolet—visible diffuse reflectance spectrum (UV—vis DRS), scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and photoluminescence (PL) techniques. The
photocatalytic activity of the composites was tested in degradation of methyl orange (MO) dye under

irradiation of visible light. The carbon content of the composites plays an important role in the photo-

Keywords:

Photocatalytic degradation
Carbon

Antimony sulfide
Composite materials

carriers.

catalytic degradation. The photocatalytic activity of carbon-modified Sb,S3 composites is higher than
that of pure Sb,Ss. The higher photocatalytic activity of the carbon-modified Sb,S3 photocatalysts can be
attributed to their higher adsorption capacity and higher separation efficiency of photogenerated

© 2015 Elsevier Ltd. All rights reserved.

Recently, semiconductor photocatalysts received increasing
attention because they can be applied in treatment of environ-
mental pollution with sustainable solar energy [1—3]. The key issue
to utilize solar energy in photocatalysis is the use of visible-light-
responsive photocatalysts. Therefore, many efforts have been
dedicated to develop new visible-light-responsive photocatalysts
to deal with the environmental problems [4—8]. Antimony sulfide
(Sb3S3), a photocatalyst that can be activated under visible light, has
been widely used in photocatalytic degradation of organic pollut-
ants [9]. However, activity of photocatalysts is limited due to rapid
recombination of photogenerated electrons and holes in photo-
catalytic process [10]. Doping Sb,Ss with other components may
alter its physicochemical property, increase separation efficiency of
photogenerated carriers and hence improve its photocatalytic ac-
tivity [11—13]. Therefore, the doped Sb,Ss photocatalysts have
become a hot research topic in recent years [11—13].

Preparing functional materials from cheap natural precursors
through environmentally friendly processes is a highly interesting
subject in material science [14]. Hydrothermal-carbonization is a
facile and well-controlled process with the use of plant biomass to

* Corresponding author. Tel./fax: +86 731 58290045.
E-mail address: jttang1103@126.com (J. Tang).
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produce functional carbonaceous materials [14]. Recently, the
hydrothermal-carbonization method appeared promising for
fabricating carbon-modified photocatalysts with high photo-
catalytic performance. By this method, carbon-coated CdS photo-
catalysts with uniform morphology were prepared, which showed
excellent photostability and enhanced photocatalytic activity in
degradation of MO and rhodamine B dyes [15]. Also by the
hydrothermal-carbonization method, carbon-doped ZnO or BiVO4
composites were successfully obtained to achieve higher photo-
catalytic activity than pure ZnO or BiVO4 photocatalyst, respectively
[16,17].

To the best of our knowledge, the carbon-modified Sb,Ss pho-
tocatalysts prepared by the hydrothermal-carbonization method
were not reported yet. We envisioned if Sb,S; can be carbonized
through the facile process, its physicochemical properties and
hence photocatalytic performance should be improved similarly. In
this work, we attempted the preparation of carbon-modified Sb,S3
composites through the hydrothermal-carbonization process using
widely available glucose as carbonaceous resource. The carbon-
modified SbyS; composites exhibited improved photocatalytic
performance in degradation of MO dyes under illumination of
visible light. The photocatalytic mechanism of the carbon-modified
Sb,S3 photocatalysts was also proposed.
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GRAPHICAL ABSTRACT

« We explored the interaction of BSA
and BFLX by spectroscopic
techniques.

« The fluorescence quenching
mechanism is static quenching.

« The binding constants and binding
sites were calculated.

« Electrostatic forces were the main
force in stabilizing the complex.

« The conformation of BSA was
changed affected by BFLX.

300+

Fluorescence intensity

T
330

T
300

T
360

T 1
390 420

Wavelength(nm)

ARTICLE INFO ABSTRACT

Article history:

Received 27 September 2014

Received in revised form 17 March 2015
Accepted 14 April 2015

Available online 20 April 2015

Keywords:

Interaction

Besifloxacin

Bovine serum albumin
Spectroscopic techniques
Circular dichroism spectrum

The interaction between Besifloxacin (BFLX) and bovine serum albumin (BSA) was investigated by spec-
troscopic (fluorescence, UV-Vis absorption and circular dichroism) techniques under imitated physiolog-
ical conditions. The experiments were conducted at different temperatures (298, 304 and 310 K) and the
results showed that the BFLX caused the fluorescence quenching of BSA through a static quenching pro-
cedure. The binding constant (K,), binding sites (n) were obtained. The corresponding thermodynamic
parameters (AH, AS and AG) of the interaction system were calculated at different temperatures. The
results revealed that the binding process was spontaneous and the acting force between BFLX and BSA
were mainly electrostatic forces. According to Forster non-radiation energy transfer theory, the binding
distance between BFLX and BSA was calculated to be 4.96 nm. What is more, both synchronous fluores-
cence and circular dichroism spectra confirmed conformational changes of BSA.

© 2015 Elsevier B.V. All rights reserved.
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Introduction

Drug-protein interactions have greatly influence the absorp-
tion, distribution, metabolism and excretion properties of drugs
[1]. Serum albumins are one of the most abundant proteins in
blood plasma, which are the major soluble protein and con-
stituents of the circulatory system [2-4]. In this work, bovine
serum albumin (BSA) is selected as our protein model due to its
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A novel ferrocene-based nanoporous organic polymer (FNOPs-1) for
clean energy application has been prepared by coupling 1,1'-
ferrocene-dicarboxaldehyde with melamine. The BET surface area and
the total pore volume of FNOPs-1 are 752.4 m?> g"*and 1.32cm® g7},
respectively. FNOPs-1 exhibits excellent gas storage capacities such as
16.61 wt% of carbon dioxide, 3.48 wt% of methane, and 1.27 wt% of
hydrogen at 273 K/1.0 bar.

The dramatic increases in the amounts of greenhouse gases
such as CO, and CH, in the atmosphere are believed to be
responsible for global warming, sea level rise, and climate
change. Hydrogen is recognized as the cleanest energy source
nowadays since combustion of hydrogen has high caloric value
and environmentally compatible byproducts. In addition,
methane is the main component of natural gas and at present,
there is a great interest in expanding its application for fueling
automobiles because of its wide availability and its lower CO,
emission in comparison with petroleum. However, a current
challenge for the development of hydrogen-based and methane-
based technology is the available materials, which can store and
deliver large amount of hydrogen or methane near room
temperature and at low pressures." In the past two decades,
various porous polymers such as covalent organic frameworks
(COFs),>* conjugated microporous polymers (CMPs),** polymer
with intrinsic microporosity (PIMs),* hypercrosslinked poly-
mers (HCPs),”® and nanoporous organic polymers (NOPs)***
were developed as adsorbents for gas storage and gas selective
separation. As an emerging solid adsorbent, NOPs has attracted
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extensive interests and hold the greatest potential for
commercial use due to a series of advantages like high porosity,
low density, and excellent stability.”>** Recently, NOPs with
functional building units was intensively investigated to obtain
high gas storage capacity."

Ferrocene and its derivatives are a kind of special organic
metal complexes and have extensive applications in the field of
electric catalytic and biological sensors.'® To date, there are very
few reports about the preparation and the application of
ferrocene-based nanoporous frameworks.'”'* Weber and
Kistan'” prepared microporous ferrocenyl Schiff base network
with a BET surface area of 430 m* g~ ' by the coupling of 1,1’
diacetyl ferrocene with melamine. Recently, ferrocene-based
statistical copolymers of poly(ferrocenyl)-co-divinylbenzene
produced by Kleitz et al.*® showed porous properties with BET
surface areas ranging from 385 to 899 m* g ' and hydrogen
uptake of 0.4-0.67 wt%. Ferrocene possesses a double-deck
sandwich structure, which can be used as a rigid building
unit to expanded porosity of NOPs. Therefore, it would be
valuable to use ferrocene derivatives as a building unit for NOPs
and endow NOPs with new properties and application
prospects.

Inspired by the above works, the strategy of ferrocene being a
building unit of NOPs was demonstrated. We synthesized a
novel ferrocenyl nanoporous organic polymer (FNOPs-1) by the
coupling of 1,1'-ferrocenedicarboxaldehyde and melamine in
the medium of dimethyl sulfoxide (DMSO) at 180 °C, and
investigated its gas uptake capacity. Scheme 1 shows the
synthesis route of FNOP-1.

The synthesized FNOPs-1 was insoluble in any common
organic solvent such as DMSO, N,N'-dimethylformamide
(DMF), and tetrahydrofuran (THF), as well as in diluted HCI
solution (~10 wt%). There was no weight loss can be found after
soaked in diluted acid for 48 h, moreover, the BET surface area
value of acid soaked FNOPs-1 was very close to that of the
original FNOPs-1. These facts suggested that FNOPs-1 has a
hypercrosslinked and physicochemical stable property.
The thermal stability of FNOPs-1 was investigated by

RSC Adv., 2015, 5, 8933-8937 | 8933
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Synthesis and Photophysical Properties of a Sc;N@Cg,-Corrole
Electron Donor-Acceptor Conjugate

Bin Liu,”’ Hongyun Fang,™ Xiaofang Li,*® Wenting Cai,"” Lipiao Bao,” Marc Rudolf,"
Fabian Plass,” Louzhen Fan,” Xing Lu,*®™ and Dirk M. Guldi*™

/Abstract: Embedding endohdedral metallofullerenes (EMFs)
into electron donor-acceptor systems is still a challenging
task owing to their limited quantities and their still largely
unexplored chemical properties. In this study, we have per-
formed a 1,3-dipolar cycloaddition reaction of a corrole-
based precursor with Sc;N@Cg, to regioselectively form
a [5,6]-adduct (1). The successful attachment of the corrole
moiety was confirmed by mass spectrometry. In the elec-
tronic ground state, absorption spectra suggest sizeable
electronic communications between the electron acceptor

and the electron donor. Moreover, the addition pattern oc-
curring at a [5,6]-bond junction is firmly proven by NMR
spectroscopy and electrochemical investigations performed
with 1. In the electronically excited state, which is probed in
photophysical assays with 1, a fast electron-transfer yields
the radical ion pair state consisting of the one-electron-re-
duced Sc;N@Cg, and of the one-electron-oxidized corrole
upon its exclusive photoexcitation. As such, our results shed
new light on the practical work utilizing EMFs as building
blocks in photovoltaics.
/

Introduction

As a focal point of research, studies on artificial electron
donor-acceptor conjugates and hybrids mimicking the primary
events of natural photosynthesis lying at the heart of photo-
synthetic solar energy conversion have drawn great attention
and the related works have yielded exciting results.!"

In principle, an electron donor-acceptor system contains
two main constituents, that is, an electron acceptor and an
electron donor. As for the electron donor, corroles, as porphy-
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rin isomers bearing a direct pyrrole—pyrrole link, have attracted
considerable attention in recent years due to their unique
structural, spectroscopic, and photophysical properties, which
are not seen in porphyrins or any other metal-ligating mole-
cules.” Even though Johnson and Kay® synthesized corrole for
the first time as part of their works on synthetic models of Vi-
tamin B12 as early as in 1964, the research of corrole had been
very slow until facile synthetic methods appeared.”” The cor-
role macrocycles exhibit interesting properties, such as high
Stokes shift, low oxidation potentials, high fluorescence quan-
tum yields, and intense absorption in the red region of the
solar spectrum, especially when compared with analogous por-
phyrins.® Accordingly, assemblies of appropriately functional-
ized corroles with other redox-active and photoactive constitu-
ents for applications in various fields have been of intensive in-
terest.”) In general, corroles are less stable than porphyrins,
but once they are incorporated into an electron donor-accept-
or conjugate they tend to be rather stable, which prompts to
their great potential in the area of photovoltaics."” According-
ly, the research on the synthesis and properties of corrole-
based electron donor-acceptor conjugates has attracted great
attention.

As far as electron acceptors are concerned, empty fullerenes
such as Cg and C,, have been demonstrated as superior elec-
tron acceptors due to their remarkable reduction properties
and their low reorganization energies in electron-transfer reac-
tions."” These features render them unique and have resulted
in noteworthy advances in the areas of light-induced electron-
transfer chemistry and solar-energy conversion. For example,
some electron donor-acceptor conjugates, for which the gen-
eration of charge-separated states with lifetimes comparable
to those observed in natural photosynthetic systems have

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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« A new colorimetric method for copper

ion detection is established.

« Copper ion could be detected by
naked eye in the range of 0.075-
0.50 M.

« High selectivity and sensitivity allow

the Cu?* detection in human hair
sample.
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Visual detection

A visual detection method for trace Cu?* in aqueous solutions using triangular silver nanoplates (abbrevi-
ated as TAgNPs) as the probe was developed. The method is based on that TAgNPs could be corroded in
sodium thiosulfate (Na;S,03) solutions. The absorption spectrum of TAgNPs solution changed when it is
corroded by Na,S,0s3. The reaction of oxygen with ascorbic acid (Vc) in the presence of a low concentration
of Cu?* generates hydrogen peroxide that reacts with Na,S,05, which leads the concentration of Na,S,03 in
the solution to be decreased. Therefore, the reaction between TAgNPs and the reacted mixture of Na,S,05/
Vc/Cu?* was prevented efficiently. When the Na,S,0; concentration and reaction time are constant, the
decrease in the concentration of Na,S,05 is directly proportional to the Cu?* concentration. Thus, morphol-
ogy, color, and maximum absorption wavelength of TAgNPs changed with the change of Cu?* concentra-
tion. The changed maximum absorption wavelength of TAgNPs (A1) is proportional to Cu?* concentration
in the range from 7.5 x 107° to 5.0 x 10~ M with a correlation coefficient of r = 0.9956. Moreover, color
change of TAgNP solution was observed clearly over a Cu?* concentration range from 7.5 x 1072 to
5.0 x 10~7 M. This method has been used to detect the Cu?* content of a human hair sample, and the result
is in agreement with that obtained by the atomic absorption spectroscopy (AAS) method.

© 2015 Elsevier B.V. All rights reserved.

Introduction

chemical fields [1-4]. However, the optical, physical, and chemical
properties of metallic nanostructures depend on their size and

Metallic nanostructures are able to application in many fields
such as sensing, biological labeling, and other biological and
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shape, particularly for silver nanostructures [5,6]. In this study, tri-
angular silver nanoplates (TAgNPs) were synthesized using the
method of Zhang et al., [7] and it was used to detect trace Cu?*
Studies have shown that the interaction between TAgNPs and
other corrosion substances is easy at the three corners of the
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Comparison of the substituent effects on the
13C NMR with the TH NMR chemical shifts of
CH=N in substituted benzylideneanilines

Linyan Wang,*® Chaotun Cao® and Chenzhong Cao™"*

Fifty-two samples of substituted benzylideneanilines XPhCH=NPhYs (XBAYs) were synthesized, and their NMR spectra were deter-
mined in this paper. Together with the NMR data of other 77 samples of XBAYs quoted from literatures, the '"H NMR chemical shifts
(84(CH=N)) and 3C NMR chemical shifts (5c(CH=N)) of the CH=N bridging group were investigated for total of 129 samples of
XBAYs. The result shows that the 6,;(CH=N) and 5.(CH=N) have no distinctive linear relationship, which is contrary to the theoret-
ical thought that declared the 3,;(CH=N) values would increase as the 3c(CH=N) values increase. With the in-depth analysis, we
found that the effects of or and o of X/Y group on the §,(CH=N) and the .(CH=N) are opposite; the effects of the substituent
specific cross-interaction effect between X and Y (Ac?) on the 5,4(CH=N) and the 5.(CH=N) are different; the contributions of
parameters in the regression equations of the ,(CH=N) and the 6.(CH=N) [Eqns (4 and 7), respectively] also have an obvious
difference. Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: benzylideneanilines; substituent effects; "H NMR chemical shifts; '>C NMR chemical shifts; substituent specific cross-interaction
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Introduction

The benzylideneanilines XPhCH=NPhYs (abbreviated XBAYs) are a
kind of typical compounds with  conjugate system and have been
applied extensively in the fields of liquid crystal and nonlinear opti-
cal material."" " In the molecule of XBAY, CH=N is a bridge linking
two aromatic rings, in which one ring carries substituent X and an-
other ring carries substituent Y. The substituents X and Y can act as
electron donors and/or electron acceptors. Changes of X and Y in
XBAY can affect its molecular overall electron distribution and the
properties of optoelectronic materials containing the molecule of
XBAY. Therefore, the substituent effects on the performance of
the CH=N bridging group attained great interest in recent
years*1
As we know, the NMR shielding is affected by the electron den-
sity, and the field of resonance increases with the increasing elec-
tron density of the protons and carbon nucleus in the
molecule#' 5o the NMR chemical shifts of CH=N (5(CH=N)
and dc(CH=N)) were always applied by many researchers to study
the substituent effects on the molecules in the past years.-681415!
Echevarria et al' have made sketchy studies about the 'H NMR
and *C NMR of CH=N by employing 24 samples of substituted
benzylideneanilines and discussed the linear relationship between
the 6(CH=N) values or 6.(CH=N) values and the Hammett substit-
uent constant 6,. They obtained results: the 6(CH=N) presented
linear relation with o, of the benzaldehyde ring substituents but
did not present linear relation with the o, of the aniline ring substit-
uents; in addition, the effects of the aniline ring substituents on the
Sc(CH=N) were larger than that of the benzaldehyde ring substitu-
ents. Afterwards, the substituent effects on the §.(CH=N) of some
title compounds were analyzed by employing several different sin-
gle and dual substituent parameter approaches, and the relatively
best equation [Eqn (1)] was attained by Neuvonen et al”'® In their
research, they pointed out that the presence of the substituent

specific cross-interaction between X and Y could be verified. Al-
though they did not quantify the cross-interaction, their works
strongly promotes the research of the substituent effects on the
8c(CH=N) of title compounds. In our recent work,""”! the substitu-
ent specific cross-interaction effects was quantified with the item
Ac? (Ac® = (o — 6v)?) and a more effective five-parameter equation
[Eqn (2)] was proposed to quantify the 5c(CH=N) of substituted
benzylideneanilines by adding As? item to Eqn (1). of is the induc-
tive effect; oy is the conjugative effect; Ag? is the substituent spe-
cific cross-interaction effect; p is the coefficient of corresponding
parameter.

dc(CH = N) = constant + pg(X)ar (X) + pe(Y) or (Y)

T pa(X) 50(X) + py(Y) oa(Y) R

0c(CH = N) = constant + pg(X) or(X) + pe(Y) oe(Y)
+pr(X)or(X) + pR(Y) ar(Y) + p(ap2) A
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ABSTRACT: The core size of the porphyrin macrocycles was
closely related to their stability of the different electron
structure in the central metal ion. Cobalt(II) ions can undergo
a conversion in electron configurations upon N, core
contraction of 0.0S A in nonplanar porphyrins, and these
ions still maintain low spin forms after and before conversion.
The structural fine-tuning can induce the appearance of a
cross-hybrid stage [d(;>_,?)sp* <> d(;?)sp®] based on quadri-

lateral coordination of the planar core. The results indicate that

TN T TN N ——
I\ /\'V ¢ \ | expansion 7 \\/ (CH S l/ \‘
- ~ ——, ——
\\, > —Z S~ 1\/\5_:¢~(/2/\/
7 v L contraction \ n '
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+ . (cross-hybrid) e 2y
Fine-tuning T -
of electron I e
in 3d(Co") Se - 2

the configuration conversion plays a key role in electron transfer in redox catalysis involving cobalt complexes. The electronic
properties of six monostrapped cobalt(II) porphyrins were investigated by spectral, paramagnetic, and electrochemical methods.
The macrocyclic deformations and size parameters of Co-containing model compounds were directly obtained from their crystal

structures.

1. INTRODUCTION

Metalloporphyrins are extensively used as catalysts for various
organic transformations that are difficult to achieve using
regular metal complexes, and this is possible because of their
unique structure.” Cobalt atom complexes have easily accessible
oxidation states of Co(I), Co(II), Co(IIl),” and even Co(IV)
and Co(V) under electrochemical conditions.” The Co(III)/
Co(II) interconversion in porphyrins is readily achieved upon
aerobic oxidation”~® or mild reduction” in high yield. Modified
Co(II) porphyrins are efficient and versatile catalysts for the
selective olefination of carbonyl compounds® and olefin
cyclopropanation” with suitable diazo compounds. These
reactions depend on “cobalt(II)—carbene radicals” for olefin
cyclopropanation '’ and “cobalt(IIT)—nitrene intermediates” for
C—H amination.

The macrocycle in coenzyme B,,, however, is a confused
tetrapyrrole-substituted or reduced, corrole,' rather than the
classic macrocycle, such as modified porphyrin in heme"’ or
chlorophyll."* The smaller core size of free corrole compared
with that in porphyrin may be crucial for these functions,
including the high reactivity and the stability of high valence Co
in coenzyme By, and in corrole.”” The coenzyme B,, was
observed very early to bring about distortion of the corrole ring
system in performing its latent catalysis.'~'® Recent theoretical
studies have suggested that conformational changes in the
macrocycle of many enzymes, e.g, heme'® and cytochrome
P450,”° may play a very important role in their functions.
Macrocyclic distortion and the resulting core contraction can

-4 ACS Publications  © 2015 American Chemical Society

14102

. . . 21-23 .
result in changes in the electronic and magnetic

properties”*~>° of the central iron ion”” and in the nonbinding
interaction of the meso-aryl.”® These results imply that the
reason “why nature does not use the porphyrin ligand in
vitamin B,,” is a possible size mismatching of core to Co>" ions
rather than sterical inflexibility of the macrocycle.”

In a recent report, we clarified the role of macrocyclic
deformation modes and of the degree of distortion in heme for
a series of ruffle-type porphyrins and a dome-type porphyr-
in.*>*' We found a conversion of electronic configuration and
the formation of cross-hybrid states in the central iron and zinc
ions under core contraction for different nonplanar metal-
loporphyrins.”*™** These findings provided experimental
support to the assertion that distorted heme can generate and
stabilize a high valent iron(V)-oxo complex” by a change in its
macrocyclic deformations and its related core size.

The core size is smaller in the corrole macrocycle with one
less porphyrin meso-carbon™ (Figure 1). For Co(II) porphyrin,
the 3.90 A core diameter (Figure 1, right) is much smaller than
the free cavity (Lyy ~ 4.10 A) of free base porphyrin, which
implies an imperfect size-matching between the diameter of the
metallic ion and the macrocyclic core size. A smaller cavity
(Lyn < 3.90 A) is required to adjust the metal’s electronic
configuration when complexed with a small ion, such as
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In this study, we report a new method for the detection of Cu?* based on triangular silver nanoplates (TAg-
NPs), which could be corroded by sodium thiosulfate (Na,S,04). TAg-NPs with blue color can be changed
to yellow color in the presence of a certain concentration of Na,S,0s3, however, its color change is unclear
when Na,S,0z was heated in the presence of Cu?*. The reason may be that Na,S,03 dissociates on heating
in the presence of Cu?*, which leads the concentration of Na,S$,05 to be decreased. Furthermore, when the
heating time is fixed, the decrease in the concentration of Na,S,0s3 is proportional to the concentration of
Cu?*. As a result, the color of the mixture solution of TAg-NP/Cu2+/NaZSZO3 and the absorbance at the
position of the maximum absorption peak of TAg-NPs changed with the change in the concentration of
Cu®*. The changes in the values of absorbance (AA, the absorbance of TAg—NP/CuZ*/NaZSZO3
subtracted from that of TAg-NP/NayS,0Os at the position of the maximum absorption peak) were

proportional to the concentrations of Cu?*. Thus, a new method was established by studying the UV-vis
Received 27th January 2015

Accepted 1st February 2015 absorption spectrum or the naked eye observation, which is simple, fast and of low cost for copper ion

detection. Using this method, the concentration of Cu?* could be detected accurately in the range of

DOI: 10.1039/c5ay00227¢ 25 % 10 to 7.5 x 107 mol L~ with the correlation coefficient of r — 0.9983. Moreover, the color
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1. Introduction

In recent years, metal nanomaterials have attracted great
attention due to their special properties’ and potential appli-
cations in many fields.*® Furthermore, many of them have low
toxicity,” complex optical features in the region spanning the
visible and near infrared spectra,® and exhibit facile surface
functionalization chemistry.® These physical and chemical
properties of metal nanomaterials depended on their shape and
size’™'* especially for silver nanostructures. So, shape-
controlled synthesis of silver nanostructures has attracted the
attention of scientists, and a large number of methods have
been devoted to the synthesis of silver nanostructures with
different shapes.””™* On the other hand, applications of silver
nanostructures mainly depend on their shapes because higher
atomic fractions are located at the corners, edges and defects of
the silver nanostructures.'®'” Recently, triangular silver nano-
plates (TAg-NPs) have been widely used as chromogenic
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change of TAg-NPs could be observed in the Cu®* concentration of 2.5 x 1078 t0 7.5 x 10~ mol L%,

components in colorimetric sensing systems owing to their
special optical properties.***

Copper ion is one of the most abundant transition metal
ions, and is commonly found as Cu*" in natural water. However,
the deficient or excessive amount of Cu®** also brings about
serious environmental pollution and potential toxicity to living
organisms. As microorganisms are affected by even sub-
micromolar concentrations of Cu®*,? its deficiency or excess
can cause anemia, pancytopenia,* gastrointestinal disturbance
and/or damage to the liver and kidneys.?*** Various methods
have been developed for the determination of Cu®" at trace
quantity levels in many kinds of samples, such as infrared
absorption spectroscopy,> anodic stripping voltammetry,*
atomic absorption spectroscopy (AAS),>** and inductively
coupled plasma spectroscopy (ICP).>*** Moreover, many visual
methods have been discovered for the detection of Cu®*".%*3*
These visual detection methods are simple, because they could
be achieved with the naked eye. However, it needs a special
reagent, and the sensitivity is still not very high. Therefore,
developing a visual method with high sensitivity for Cu®*
detection is still needed.

Herein, we report a novel optical and visual method for
detecting Cu®>" by UV-visible spectroscopy or naked eye obser-
vation. The higher atomic fractions with higher activity atoms at
the three corners of the TAg-NPs could react with Na,S,0;
easily.’” As a result, the UV-visible spectra and the color of the
solution changed clearly. Na,S,0; could be dissociated when it

This journal is © The Royal Society of Chemistry 2015
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photodegradation of rhodamine B dyes under visible light irradiation
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experiment.

In this study, a new semiconductor, Fe4150,4H15, was successfully developed. The results of UV-vis diffuse
reflectance spectra indicated that Fe4l30,4H;s is visible-light-responsive, its absorption band edge is
around the wavelength of 540 nm and its band gap is about 2.30 eV. The Fe4I30,4H;5 semiconductor
showed high activity and high stability in photodegradation of rhodamine B dyes under irradiation of
visible light. Its activity is close to that of the highly efficient photocatalyst, AgzPO4. The Fe4l30,4H15 semi-
conductor can be reused for at least 5 times without obvious loss of its activity in the photodegradation

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Semiconductors are of great importance because of their
applications in environmental pollution treatment, water splitting
for hydrogen energy production, etc., with sustainable solar
energy through the processes of photosensitization [1-5] or
photocatalysis [6-10]. The key issue to utilize solar energy through
photosensitization or photocatalysis is the utilization of visible
light during these processes. Therefore, many efforts have been
dedicated to develop suitable semiconductor materials for visible
light utilization to deal with the problems of environmental pollu-
tion and energy crisis [1-10]. As a case in point, AgzPO,4 semicon-
ductor photocatalyst showed much higher photocatalytic activity
than the widely used ones including BiVO,4, N-doped TiO,, etc., in
water oxidation and photodegradation of organic pollutants under
visible light irradiation [11].

However, the developed semiconductors usually suffer from the
inherent limitations of poor stability, high cost or high toxicity. For
example, photocorrosion is easy to occur in the mostly used CdS
semiconductor because its photogenerated holes are strong
enough to oxide the surface S*~ jons [12-14]. Silver-containing
semiconductor photocatalysts like AgszAsO4 [15], AglO4 [16],
AgsPO,4 [17,18], Ag,CO3 [19-22], Ag,CrO4 [23,24], although highly
active, are silver-containing and thus high-cost. Also, the silver-
containing semiconductors are unstable because it is energetically
possible for their surface ions to undergo photocorrosion reduction

* Corresponding authors. Tel./fax: +86 731 58290045.
E-mail addresses: dtlhx@163.com, jttang1103@126.com (J. Tang).

http://dx.doi.org/10.1016/j.jallcom.2015.01.158
0925-8388/© 2015 Elsevier B.V. All rights reserved.

or oxizidation through their photogenerated carriers. Therefore, it
is highly desirable to obtain stable, low-cost, and low-toxic semi-
conductors for efficient utilization of solar energy through the pro-
cesses of photosensitization or photocatalysis.

The Fe4l30,4H;5 compound was successfully prepared and its
chemical composition was determined early in 1962 [25,26], but
hitherto there is little data available on its structure and property,
including XRD pattern, light-responsive range and photochemical
activity, etc. In this work, we successfully prepared the Fe4130,4H15
compound and further characterized its light-absorption property.
Interestingly, we found that it, as a novel semiconductor with a
band gap of 2.30eV, is highly efficient in photodegradation of
RhB dyes under visible light irradiation. The Fe4I30,4H;5 semicon-
ductor is attractive firstly in that it is noble-metal-free and does
not contain highly toxic element. Also importantly, the Fe4150,4H;5
semiconductor showed high activity and high stability in
photodegradation of RhB dyes.

2. Experimental
2.1. Preparation

The Fe4l30,4H15 and AgsPO4 semiconductors were prepared according to the
previously reported procedure [17,25,26].

2.2. Characterization

Scanning electron microscopy (SEM) experiment was undertaken on a FEI
Quanta-200 microscope at an accelerating voltage of 20 kV. Transmission electron
microscopy (TEM) experiment was performed using a FEI Tecnai G? Spirit instru-
ment at an acceleration voltage of 120 kV. Ultraviolet-visible diffuse reflectance
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HIGHLIGHTS

« The interaction between BSA and 21-
(ph-N=N)-NCTPP was studied.

« The fluorescence quenching
mechanism was explored.

« The binding constants and binding
sites were calculated.

« Hydrophobic interaction played a
major role in the binding process.

« High probability of the energy
transfer from BSA to 21-(ph-N=N)-
NCTPP occurred.

ARTICLE INFO

Article history:

Received 13 October 2014

Received in revised form 15 December 2014
Accepted 31 January 2015

Available online 9 February 2015

Keywords:

Interaction
21-(Ph-N=N)-NCTPP

Bovine serum albumin
Fluorescence spectroscopy
Ultraviolet-visible spectroscopy

GRAPHICAL ABSTRACT

200+

150

100

Fluorescence intensity

50+

300 320 340 360 380 400 420 440
‘Wavelength (nm)

ABSTRACT

The interaction between 21-(Ph-N=N)-NCTPP and bovine serum albumin (BSA) was investigated by
fluorescence and ultraviolet-visible (UV-Vis) spectroscopy under imitated physiological conditions.
The results showed that the intrinsic fluorescence of BSA was quenched strongly by 21-(Ph-N=N)-NCTPP.
The binding constants (K;) and the binding sites (n) were obtained at three different temperatures (298,
304, and 310 K). The thermodynamic parameters (AH, AS and AG) of the interaction system were calcu-
lated, the results indicated that the binding process was spontaneous and the hydrophobic interaction
played a major role in [21-(Ph-N=N)-NCTPP]-BSA binding process. Based on the Forster non-radiation
energy transfer theory, the binding distance from 21-(Ph-N=N)-NCTPP to BSA was estimated to be about
3.51 nm. What's more, the synchronous fluorescence spectra indicated that the conformation of BSA has
not been changed.

© 2015 Elsevier B.V. All rights reserved.

Introduction

depot and transport various endogenous and exogenous ligands,
such as fatty acid, amino acid, drugs and pharmaceuticals to par-

Serum albumin (SA) is the most abundant protein constituent of
blood plasma. The most outstanding function of SA is that it can
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Science and Technology, Xiangtan 411201, China (X. Yu). Tel.: +86 731 58290187;
fax: +86 731 58290509.

E-mail addresses: yu_xianyong@163.com (X. Yu), lixiaofang@iccas.ac.cn (X. Li).

http://dx.doi.org/10.1016/j.saa.2015.01.121
1386-1425/© 2015 Elsevier B.V. All rights reserved.

ticular biotargets [1-3]. The serum protein used in this study is
bovine serum albumin (BSA), whose structure is similar to human
serum albumin (HSA) in 76%. BSA is considered as an in vitro mod-
el for studying drug-chain 582 amino acid globular nonglycopro-
tein cross-linked with 17 cystine residues [4,5]. Studies on the
binding of drug with protein is not only to have a considerable
impact on metabolism and transporting process of drug, but also
to help explaining the relationship between the structure and the
function of the protein [6].
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HIGHLIGHTS

e A membrane-less direct alcohol fuel cell was constructed.

e Anode catalyst was PdSnNi/MWCNT and cathode catalyst was Fe/C-PANL

e Methanol, ethanol, propanol and butanol were used as the fuels.

e The cells with ethanol and n-propanol as fuels show the highest power density.
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Membrane-less fuel cell possesses such advantages as simplified design and lower cost. In this paper, a
membrane-less direct alcohol fuel cell is constructed by using multi-walled carbon nanotubes (MWCNT)
supported Pd and ternary PdSnNi composites as the anode catalysts and Fe/C-PANI composite, produced
by direct pyrolysis of Fe-doped polyaniline precursor, as the oxygen reduction reaction (ORR) catalyst.
The alcohols investigated in the present study are methanol, ethanol, n-propanol, iso-propanol, n-
butanol, iso-butanol and sec-butanol. The cathode catalyst Fe/C-PANI is electrochemically inactive to
oxidation of the alcohols. The performance of the cell with various alcohols in 1 mol L~! NaOH solution
on either PdA/MWCNT or PdSnNi/MWCNT catalyst has been evaluated. In any case, the performance of the
cell using the anode catalyst PdSnNi/MWCNT is considerably better than Pd/MWCNT. For the PdSnNi/
MWCNT, the maximum power densities of the cell using methanol (0.5 mol L), ethanol (0.5 mol L™1),
n-propanol (0.5 mol L~1), iso-propanol (0.5 mol L), n-butanol (0.2 mol L~1), iso-butanol (0.2 mol L™ 1)

and sec-butanol (0.2 mol L’1) are 0.34, 1.03, 1.07, 0.44, 0.50, 0.31 and 0.15 mW cm™2, respectively.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

A direct alcohol fuel cell (DAFC) uses alcohols including meth-
anol, ethanol, propanol and butanol as the fuels to convert chemical
energy into electricity. It possesses such characteristics as high ef-
ficiency of energy transformation, non-toxic emission and high
specific energy density, and it is especially suitable to be used as
mobile and portable power. A DAFC is generally composed of
anode, cathode and ion exchange membrane. Pt and PtRu catalysts
are usually applied to fabricate the anode and cathode due to their
high electroactivity for alcohol oxidation (AO) and oxygen reduc-
tion reaction (ORR). Yet, their practical application is greatly limited
by their high cost and easy poisoning caused by the intermediates
formed during AO. In addition, alcohol molecules can cross over the

* Corresponding author.
E-mail address: yqfyy2001@hnust.edu.cn (Q. Yi).

http://dx.doi.org/10.1016/j.jpowsour.2015.08.050
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membrane to the cathode, leading to the rapid decline of the
cathodic catalyst activity for ORR. Therefore, preparation of the
anodic catalysts with lower Pt loadings and higher electroactivity
for AO has been paid much attention. These catalysts include PtRu
[1,2], PtNi [3,4], PtSn [5—7], PtIrRu [8,9], and PtAu [10]. These Pt-
based catalysts, however, still suffer from the high cost because of
the high Pt mass percentage in these Pt-based composites. Thus, it
is worthwhile to utilize non-Pt metals to replace these Pt-based
catalysts. Although palladium (Pd) is still a precious metal among
the non-Pt metals, it is cheaper and much more abundant on earth
than Pt. In addition, Pd and Pd-based catalysts present excellent
electrocatalytic activity for AO in alkaline media [ 11—14]. Therefore,
Pd is considered to be the best alternative to Pt for AO in alkaline
media. Recently, we reported the preparation of Pd-based catalysts
like nanoporous Pd nanoparticles [14], binary Pd—Ru catalysts [15]
and Pd—Ni nanoparticles loaded on multi-walled carbon nanotubes
(MWCNTs) modified with B-cyclodextrin [16], and MWCNT-
supported PdSn and PSnNi nanoparticles [17], and they show
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In situ preparation and high electrocatalytic activity of binary Pd-Ni
nanocatalysts with low Pd-loadings
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Palladium nanoparticles supported on multi-walled carbon nanotube (MWCNT), with ultra-low Pd
loadings (Wt%) of 1.1%-1.9%, have been prepared through an in situ reduction of Pd?* by Ni nanoparticles
immobilized on MWCNT. That is, Ni nanoparticles are firstly loaded on MWCNT by chemical reduction
method to fabricate the catalyst nanoNi/MWCNT. Then, aqueous PdCl, solution with various
concentrations is added to the nanoNi/MWCNT catalyst stepwise, leading to the formation of Pd
nanoparticles and subsequent in situ deposition on the nanoNi/MWCNT. The as-synthesized nano-

llfzywords: catalysts (Pd41Ni;/MWCNT, Pds,Ni;/MWCNT and Pd;3Ni;/MWCNT) have been characterized by SEM,
Ni XRD and XPS. Their electrocatalytic activity for ethanol oxidation in alkaline media has been investigated.
Ethanol oxidation Compared to the PA/MWCNT catalyst prepared by the conventional NaBH,4 reduction method, the as-
Fuel cell prepared Pd-Ni/MWCNT catalysts present low Pd-loading and significantly high electroactivity for

ethanol oxidation. According to the cyclic voltammetric data, the forward-scan anodic peak current
density j(Pd) on the Pds ;Ni;/MWCNT catalyst is 130.9 mA cm~2 g™, which is over 11 times higher than

on the PdA/MWCNT.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Direct liquid fuel cells (DLFCs) use liquid fuels to feed fuel cells
and they possess more advantages than H,/O fuel cell [1]. Among
the DLFCs, direct alcohol fuel cells (DAFCs) use liquid alcohols like
methanol and ethanol, as fuels to keep the anodic reactions of the
DAFCs. Further, compared to methanol, ethanol is considered to
exhibit obvious superiority such as non-toxicity, natural availabili-
ty and renewability. In addition, a direct ethanol fuel cell (DEFC)
possesses the advantages of higher power density and zero green-
house contribution to the atmosphere. In order to guarantee the
normal operation of the DEFC, electro-oxidation of ethanol should
be catalyzed on efficient catalysts. Pt and Pt-based materials have
been considered to be efficient electro-catalysts for ethanol
oxidation both in acidic and in alkaline media [2-4]. However,
owing to the reasons known to all like high cost and scare
resources of Pt, and the poisoning effect of Pt by some
intermediates formed during electro-oxidation of ethanol, practi-
cal application of Pt catalysts to fuel cells is severely limited [5,6].
Development of other catalysts with high electroactivity for
ethanol oxidation, therefore, is of very significance. Among them,

* Corresponding author.
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Pd and Pd-based catalysts are alternatives to Pt catalysts for
ethanol oxidation in alkaline media [7-13]. Ethanol electro-
oxidation in an alkaline medium on a Pd catalyst takes place via
the mechanism of the removal of the adsorbed ethoxi by the
adsorbed hydroxyl on the Pd electrode [8], which is different from
the mechanism on a Pt catalyst [6]. Various Pd catalysts have been
prepared to investigate their electroactivity for ethanol oxidation
in alkaline media. Dispersing Pd into nano-scale sizes particles
and alloying of Pd with other metals like Ni[12-16], Ru[11], and Sn
[3-5] et al., are common methods used to enhance the electro-
activity of the Pd catalysts for ethanol oxidation.

Although Pd is relatively low-cost compared with Pt, it still
belongs to a noble metal. The large scale practical application of Pd
catalysts will be limited due to the higher cost of Pd. Thus, it is
significant to reduce the Pd loading on catalysts but also to
maintain or improve their electroactivity for ethanol oxidation.
Marchionni et al. reported a Pd-based composite catalyst Pd-(Ni-
Zn)/C with Pd-loading of 6.4% (wt%), which was prepared through
the chemical deposition of Pd nanoparticles on (Ni-Zn)/C solid that
was fabricated with the reaction of Zn powder with Ni?* [17]. This
catalyst exhibited excellent electroactivity for electro-oxidation of
ethylene glycol (EG) and glycerol (G) in alkaline media.

Multi-walled carbon nanotubes (MWCNTs) possess high
specific surface areas and are extensively used as excellent
supports of catalyst particles. In this work, we firstly synthesized
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Syntheis and Fungicidal Activity of Novel N< 1 3 4-Thiadiazolyl) thiazolyl Carboxamides TANG Zi-ong"' WANG Lian'
MA Hong-wei' WANG Hong~ging” ( 1. Key Laboratory of Theoretical Organic Chemistry and Function Molecules of Ministry of
Education School of Chemistry and Chemical Engineering Hunan University of Science and Technology Xiangtan 411201 China;
2. School of Chemistry and Chemical Engineering University of South China Hengyang 421001 China) Huaxue Shiji 2015 37
(4) 298 ~300;338

Abstract: Three new N« 1 3 4-thiadiazolyl) thiazole carboxamides were synthesized in moderate yields by reaction of 5-alkyl( ar—
yl) 2-aminod 3 4-hiadiazoles with 2-methyl-4-rifluoromethylthiazol-5-carboxychloride in the presence of triethyl amine. The
compound with electron-withdrawing group on the phenyl ring connected with 1 3 4-thiadiazolyl was formed in higher yield than
those with unsubstituted phenyl group. The structures of the compounds were confirmed by IR "HNMR "“CNMR and elemental
analysis. The fungicidal activity of the compounds was also evaluated and moderate activity against the tested fungi was obtained.
The compounds with alkyl group on the 1 3 4-thiadiazolyl ring exhibited higher activity than those with aryl group.

Key words: thiazole carboxamide; 1 3 4-thiadiazole; synthesis; fungicidal activity
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Study on corrosion inhibition capacity of amide imidazoline quaternary

ammonium salt containing double bond inhibitor
Huang Kangli'**,Shi Shuncun'**,Hu Wei'?*, Liu Bei'?*, Yan Dong'**
(1. China School of Chemistry and Chemical Engineering ,Hunan University of Science and Technology,
Xiangtan 411201, China;2. Theoretical Chemistry and Molecular Simulation ,Key Laboratory of
Hunan Province General Institute of Higher Education of Structure-Activity Relationship ,Xiangtan 411201,
China;3. Key Laboratory of the Province-Ministry Co-Constructed Section of Education Xiangtan 411201, China)

Abstract: Amide imidazoline quaternary ammonium salt containing double bond (DAQS) has been synthesized with
naphthenic acid, etc. as raw materials,and its corrosion capacity evaluated by coupon weight loss method and elec-
trochemical method. The results of weight loss method show that this chemical has good corrosion inhibition effect on
carbon steel. In strong acidic solution,the corrosion inhibiting rate is about 90% ,if the conditions are controlled
properly. Polarization curves show that this chemical is a kind of mixed-type corrosion inhibitor, mainly cathode type.
AC impedance spectroscopy displays that the result of the ordinal relationship of the corrosion inhibiting rate which
changes with the change of reagent concentration and the result of carbon steel coupon experiments are consistent.

Key words: naphthenic acid;imidazoline ;amide imidazoline quaternary ammonium salt;corrosion inhibition
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Synthesis of a heavy metal amphoteric chelating polymer
flocculant and its removal perfermance towards Cu( 1I)

Liu Lihua Liu Xing Li Yanhong Yang Ganggang Zhou Zhihua Xu Guorong
( Key Laboratory of Theoretical Organic Chemistry and Function Molecule Ministry of Education Hunan Province College Key

Laboratory of QSAR/QSPR  School of Chemistry and Chemical Engineering Hunan University of Science and Technology Xiangtan 411201 China)

Abstract A novel amphoteric chelating polymer flocculant poly( diallyl methyl hydroxypropoxy ammounium
chloride) -based dithiocarbamate sodium ( PDAMHACDTC) was synthesized and its structure was characterized by
elemental analysis FTIR ultravoilet spectroscopy and 'H-NMR spectroscopy. The removal efficiency of Cu’* by
PDAMHACDTC and the sedimentation rate of flocs formed were investigated; the zeta potential changes of micro—
flocs were determined and the images of flocs were investigated by using scanning electron microscope. The results
show that when the molar ratio of —CSS ™ to Cu’" is near 2: 1 the removal rate of Cu’" is above 99.7% and the
concentration of residual Cu’* is far below 0.5 mg/L of the first grade criteria of China’s Integrated Wastewater Dis—
charge Standard. When the dosage of —CSS~ is the same the zeta potential changes of microflocs and the sedimenta—
tion rate of flocs formed are higher than those formed by amphoteric chelating polymer flocculant ( ACPF) based on
poly( dimethyldiallylamonium chloride-acrylamide) respectively indicating that PDAMHACDTC is more conducive to
neuturizing the excess negative charge of flocs thereby facilitating the formation and growth of flocs.

Key words poly ( diallyl methyl hydroxypropoxy ammounium chloride) -based dithiocarbamate sodium
( PDAMHACDTC) ; copper ion; chelation; flocculation; removal rate
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Preparation and application properties of photoresist

ZHOU Hu LI Ning JIANG Min LUO Xiao-yang TANG Jia-lin QIN Xian-zhi

Abstract A solvent-based polyacrylate matrix resin was prepared from the methyl methacrylate(MMA),
the butyl acrylate(BA), and methacrylic acid(MAA) with absolute ethanol, 2-methyl ethyl ketone(MEK), ethyl
acetate(EAC) as solvent respectively, benzoyl peroxide(BPO) as initiator by a solution polymerization and it was
prepared into photoresist with trimethylol propane triacrylate(TMPTA) as crosslinker and benzophenone(BP) as
photoinitiators. The results indicated that the ternary copolymer was synthesized in the reaction with the monomer
ratio MAA:MMA:BA of 45:40:15. The matrix resin had relatively better combination property with absolute
ethanol acted as the solvent and its water resistance compared with the matrix resin prepared with 2-methyl ethyl
ketone(MEK), ethyl acetate(EAC) as solvent respectively is better when the BPO concentration was 1%~2%,
polymerization temperature was at 80°C~85°C. Curing time controlled at about 2 min is more appropriate and the
amount of photoinitiator about 6% turns out to be the most appropriate after UV curing test. To some extent, this
paper can offer a significant reference to the further researches of photoresist.

Key words Photoresist; PCB; Matrix Resin; UV Curing; MMA
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Synthesis and Corrosion Inhibition Performance of

Amidogen Imidazolinyl Quaternary Ammonium Salts

SHI Shuncun', HUANG Kangli', PAN Lei*, JTAO Yinchun'

(1. School o f Chemistry and Chemical Engineering , Hunan University of Science and Technology, Key Laboratory of
Theoretical Organic Chemistry and Function Molecule , Ministry of Education, Hunan Provincial University Key Laboratory of
QSAR/QSPR, Xiangtan 411201, China; 2. Department of Medical Record and Statistics of Beijing Jishuitan Hospital .
the 4th Medical College of Peking University, Beijing 100035, China)

Abstract: A series of water-soluble amidogen imidazolinyl quaternary ammonium salt corrosion
inhibitors were synthesized from highly pure naphthenic acids. The relationship between the alkyl
group connecting N, of the imidazoline ring and corrosion inhibition performance was investigated.
Both the electronic effect method of substituent and the mass loss method for carbon steel samples
were used to investigate their corrosion inhibition performance in both theoretical and experimental
aspects. With the method of mathematical statistics, it was derived that the linear relationship
between the corrosion inhibition efficiency 7 and group polarizability effect parameter PEI, and
variable indicator D for —C=C— bond was in the form of 17=a+ b PEL,+ ¢ D, in which a, b and
¢ were constants, with the correlation coefficient R == 0. 996. Such research results may provide a
new and simple method for the molecular design of ionic inhibitor, as well as a reference to find new
imidazoline inhibitors with better corrosion inhibition performance.

Key words: imidazoline; amidogen imidazolinyl quaternary ammonium salt; corrosion inhibitor;

electronic effect; naphthenic acid
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Research progress in LIMBO; (M=Mn, Fe, Co) cathode materials

for L1 1on batteries
TANG An-ping', ZHONG Qian-wen', HU Yong-jun?, LIU Li-hua', XU Guo-rong'
(1. Key Laboratory of Theoretical Organic Chemistry and Function Molecule, Ministry of Education, School of Chemistry and Chemical
Engineering, Hunan University of Science and Technology, Xiangtan Hunan 411201, China; 2.Department of Chemistry, Hunan City
University, Yiyang Hunan 413000, China)

Abstract: LIMNnBO; (M = Mn, Fe, Co) borate cathodes for lithium ion batteries offer several appealing features, such
as relatively light molar mass, abundant resources, environmental friendliness and relatively high theoretical specific
capacities. Borate cathode materials such as LiFeBO;, LiMnBO; and LiCoBO; were reviewed. The recent research
progress on their structures, preparation methods and electrochemical performances were described. In addition, the

defects were improved.

Key words: lithium ion batteries; cathode material; borate; LiFeBOs; LIMBO,
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Indispensable substituent cross-interaction effect on 13C NMR chemical shifts of carbonyl

group for disubstituted phenyl benzoates

Chen Guanfan'??, Luo Qingqing', Cao Chenzhong'**', Zeng Rongjin"** and

Liu Wangiang'*?

(1. School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201, Hunan Province,
China.) (2. Key Laboratory of Theoretical Organic Chemistry and Function Molecule of Ministry of Education, Hunan University of
Science and Technology, Xiangtan 411201, Hunan Province, China.)

(3. Hunan Provincial Univeristy Key Laboratory of QSAR/QSPR, Xiangtan 411201, Hunan Province, China)

Abstract: The substituent effects on *C NMR chemical shifts of carbonyl group (5c(C=0)) for a diverse set of the substituted
phenyl benzoates were deeply investigated, and a quad-parameter correlation equation with correlation coefficient 0.9981 and
standard error 0.057 was obtained for 42 samples. The electron-withdrawing groups (EWGs) on the benzoyl ring and the
phenyl ring decreased the 8 values; While electron-donating groups (EDGs) on the benzoy! ring and the phenyl ring increased
the 8¢ values. A new substituent specific cross-interaction Ac,,2 was recommended to scale the interaction between substituents
for the titled compounds. The obtained correlation equation can be used to predict the 8c(C=0) values of corresponding

compounds.

Keywords: disubstituted phenyl benzoate; 3C NMR chemical shift; substituent specific cross-interaction

1 Introduction

In whatever form, the additive item of substituent
parameters was found satisfactory in numerous
QSPR/QSAR studies of multiple-substituent effect!,
However, Suresh and Gadre™” ever pointed out that the
simple additivity rule of substituent parameters had
serious drawbacks, and the substituent cross-interaction
effect should not be neglected despite its remoteness.
Therefore, several reasons, both experimental and
theoretical, can be invoked to find the parameter form.

Palm et al'® considered that properties of
mono-substituted alkanes (RX) are not only related to
molecular groups R and X themselves, but also related to
the group-group interaction, which could be shown by the
following equation.

SRX)=0(Ry+ 0(X)+ ¢(R)9(X) )

where fIRX) represents a function of compound RX,
¢(R) and @(X) are the contribution of the function groups
R and X to the molecular properties, respectively. ¢(R)p(X)
is the interaction of groups R and X. Unfortunately, the
detailed form of @(R)p(X) was not involved in his works.
Dubois and Ruasse investigated substituent-substituent
interaction by the interactive free energy relationship
(IFER), and theoretically derived on the reasonable
assumption that the cross term in oxoy was effective
compared to the quadratic terms in oy and 6%, Liuand
Guo™ defined the substituent interaction energies (SIE),
which was expressed effectively by the product of
Hammett parameters (SIE(X, Y)=-koxoy), and was

Received: 2014-04-23; Revised: 2014-09-07

applicable to disubstituted benzenes, and hexatrienes, and
so on. Lee et al. studied the solvent effects on the
cross-interaction constants in benzhydry! cation and anion
formation with the similar form, and obtained good
results!®. Cao and his group used this form as the item of
substituent cross-interaction effect for disubstituted
systems, and successfully investigated the substituent
effect on the UV absorption wavenumbers of para-
disubstituted benzenes, para-disubstituted stilbenes, and
so on. Those works showed that the substituent
cross-interaction effect is remote but indispensable, and it
can be scaled by the cross term of substituents in 6xoy.
For any properties of any compounds, can the
substituent cross-interaction effect be scaled by the same
form of substituent parameters? In research of substituent
effect on >°C NMR chemical shifts of carbonyl group for
para-disubstituted phenyl benzoates(XPhCO,PhY, XP
BY), Neuvonen and her co-workers tried to scale the
substituent cross-interaction effect with the SIE(X, Y)
form'®. Unfortunately, they found that the cross term in
cxoy was not suitable to be scaled the substituent
cross-interaction  effect. Therefore, when they mnext -
investigated the substituent effect on 3C NMR chemical
shifts of bridge group C=N in disubstituted benzylidene
anilines(XPhCH=NPhY, XBAY)"), the substituent
cross-interaction effect was not further discussed. Cao et
al' considered that the substituent cross-interaction
effect should exist, but Neuvonen and her co-workers did
not find the correct expressions of the substituent
cross-interaction effect. They investigated further the
research results of *C NMR chemical shifts of bridge
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LiFeBO, /LBO
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Synthesis and electrochemical performance of
LiFeBO, /LBO composite materials

Shen Jie Tang Anping He Donghua Liu Lihua Xu Guorong
( Key Laboratory of Theoretical Organic Chemistry and Function Molecule Ministry of Education

School of Chemistry and Chemical Engineering Hunan University of Science and Technology Xiangtan 411201)

Abstract: LiFeBO, /lithium boron oxide ( LBO) composites with single monoclinic phase ( C2/c¢ space
group) were synthesized by sol — gel method. Structure and morphology of the samples were analyzed by X — ray
diffraction and scanning electron microscopy respectively. The electrochemical characteristics of samples were
evaluated by means of the constant current charge — discharge cyclic voltammetry ( CV) and alternating current
( AC) impedance. It is demonstrated that composites with LBO show higher discharge specific capacities and
better cycling performance than bare LiFeBO, especially the sample with 15.1% LBO which delivers an initial
discharge specific capacity of 194.6 mAh/g and a discharge specific capacity of 137.0 mAh/g at the 100th cycle
with a rate of C/20 respectively. The observation of CV and AC impedance also indicates that the composite
with 15.1% LBO evidently increases the conductivity between LiFeBO, particles.

Keywords: cathode material; lithium iron borate; sol — gel method; lithium ion batteries
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Preparation and hydrophilicity of polyurethane hydrogel based
on PCL/MDI/DEG

XIANG Liu-jiao, ZHOU Zhi-hua, ZHANG Jin-zhi, YAN Hua, HUANG Hui-hua, HE Si-liang

(The Key Laboratory of Theoretical Organic Chemistry and Function Molecule of Ministry of Education, School of
Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: A series of polyurethane (PU) prepolymers based on diphenyl-methane-diisocyanate (MDI) and
polycaprolactam (PCL) were synthesized using diethylene glycol (DEG), dimethylolpropionic acid (DMPA) and
methyldiethanolamine (MDEA), respectively, as the chain-extender, then the polyurethane hydrogels were obtained from
the prepolymers using benzoyl peroxide (BPO) as crosslinking agent by free radical polymerization synthesis. The
influences of the kind and the amount of chain-extender on the contact angle, swelling ratio and morphology of
polyurethane hydrogel were investigated, and the influence of the kind of chain-extender on the release of chloromycetin
in polyurethane hydrogel were also studied. The results show that the polyurethane hydrogel, using DEG as
chain-extender, is preferably hydrophobic with no micropore on its surface, and the loading efficiency of chloromycetin
is the lowest; However, the release speed of chloromycetin is quicker than the hydrogel prepared by DMPA and MDEA.
The polyurethane hydrogel, using DMPA and MDEA as chain-extenders, has higher hydrophilicity and micropouous
structure on their surfaces due to their functional groups, and the loading efficiencies of chloromycetin are higher. The
swelling ratio of PCL/MDI/DEG hydrogel increases and the contact angle decreases with increasing amount of DEG;
however, the surface morphology has no obvious change.

Key words: polyurethane; diphenyl-methane; polycaprolactone; diglycol; hydrophilicity;drug release
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One-pot synthesis and fungicidal activity of
N1 N3-dialkylated 3 4-dihydropyrimidin2( 1H) —ones

ZENG Rong—in' > LIU Chuan-ei' > SHEN Pengei' >° TANG Sha' > XIONG Chung-ang' > WU Xiang-si' >
( 1.School of Chemistry and Chemical Engineering Hunan University of Science and Technology Xiangtan 411201 China;
2.Key Laboratory of Theoretical Chemistry and Function Molecule of Ministry of Education
Hunan University of Science and Technology Xiangtan 411201 China;
3.School of Chemistry and Chemical Engineering Hunan Normal University Changsha 410012 China.)

Abstract: A series of novel N1 N3-dialkylated 3 4-dihydropyrimidin-2( 1H) -ones were synthesized under mild phase transfer cata—
lyst( PTC) .Their fungicidal activities against Botrytis cinerea Gibberella zeae Phytophythora capsici Sclerotinia sclerotiorum Rhi—
zoctonia solani and Pyricularia oryzae were investigated.Most of the N1 N3-dialkylated DHPMs 4 had high fungicidal activities a—
gainst the five latter especially the compounds with the substituents( Ry =( CH,) , Br) exhibited excellent fungicidal activities a—
gainst Sclerotinia sclerotiorum Gibberella zeae and Phytophythora capsici.The studies of all the compounds revealed the advantages

of substituents on the pyrimidine and the ester group( R, =CH,CH, and R, =( CH,) ,Br) to the fungicidal activity.

Key words: N1 N3-dialkylation; 3 4-dihydropyrimidine-2( 1H) -ones; solventree; phase transfer catalysis; fungicidal activity
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