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Book Review

The Chinese Puzzle

Pallavi Aiyar, Smoke and Mirrors: An Experience of China (New Delhi: Fourth Estate, 2008),
pp. 273, Paperback, Rs.450

Aditya Pratap Deo
St Stephen’s College

Written in 2008, Pallavi Aiyar's Smoke and Mirrors: An
Experience of China remains as relevant today as then, even
though the pace of change in China has been unusually
rapid. Written like an extended diary, reflections on her
5-year stint in China from 2002 onward (working as an
English language instructor first, and then journalist),
Aiyar’s book is at a deeper level a document about
the human condition in one of humankind’s greatest
revolutions — the transformation of China in our time. But
the book is also as much about India as it is about China,
two peoples joined by geography, history and culture,
but also, from the Indian side, anxiety about its resurgent
neighbor. Aiyar writes for an India unable to fully grasp
what is happening in China, sometimes comparing
the two, at other times, more directly if also a little
simplistically asking: what could India learn from China?
(p- 239). For someone who has just returned from a trip to
China, many years after Aiyar lived there, I believe that in
many ways the questions are still the same except that the
lag on the Indian side has become more comprehensive,
acute and exasperating. Here, I will not dwell on Indian
anxieties about China. We live it all the time. My focus,
as a historian, will be to read Smoke and Mirrors as a
document of history, a kind of ethnographic history of
the everyday in fast-changing China, where the author,
in her perceptive, sensitive and evocative prose, weaves a
picture of a society in transition. Her wit and humor add
an aspect of irony to her prose that is remarkable.

The first chapter (pp. 10-27) — Better Fat than Anapple
— deals with Aiyar’s introduction to China, primarily
through her interaction with her students at the Beijing
Broadcasting Institute, where she first comes face to face
with the puzzle that is China. Writes Aiyar: ‘The China I
lived in was a communist country in name but a strange
hybrid in practice...students sat through compulsory

PPE'\‘C PAL
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LLEGE

classes in Marxism and Maoist thought, bored blind,
fantasizing of little but money’ (pp.15-16). Her struggle
with the language, amusement at finding that young
people learning English invariable take funny English
names, realization of how deep they had been socialized
into being apolitical, and (almost) horror at discovering
the women students’ bizarre fixation with large eyes,
among other things, give us a sense of how strange and
mixed-up a place China appears at first glance.

From her work place, Aiyar eases us out into the streets
of Beijing, the city which was tobe her home in China, acity
in the grip of a huge make-over for the Olympics in 2008,
a prestige event that the Chinese government, already
in the midst of supervising the massive transformation
of its cities, was bent upon making a success at all costs.
This chapter — Olympian Makeover (pp. 28-50) — tracks
the demolition of a very large part of historic Beijing, 25
million square meters, and the creation of a swanky new
city with a Central Business District, ‘the capitalist core
of the communist capital” (p. 28). According to Aiyar,
‘the pace of the current transformation was unbeatable
as was its reach, as it pushed into every nook and corner,
bulldozing its way into even Mongol-period enclaves
that had so far miraculously remained intact’ (p. 37). In
this city in the throes of an ‘identity crisis’ (p. 36), the
Chinese people, observes Aiyar, used to the ‘ceaseless
impermanence’ and ‘flux (p. 39)" of their recent past,
showed a certain ‘equanimity” that ‘would have made the
Buddha proud’ (Ibid.).

In the next chapter, titled Coronavirus (pp. 51-70), the
writer comes to grips with the Chinese government’s
obstinate refusal, shored up through censorship and
socialization, to first recognize the SARS epidemic, then its
volte-face in the face of aggravated circumstances, and the
subsequent scramble for damage control. Stunned, Aiyar
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Enhanced dielectric properties of BazZnTa,_,Nb,Og in microwave
region using tungstic acid
Richa Tomar*®, Yogita Bisht?, Pullanchiyodan Abhilash® and Meganathan Thirumal®

*Department of Chemistry, University of Delhi, Delhi, India; ®Department of Chemistry and Biochemistry, Sharda
University, Greater Noida, India; “Materials Science and Technology Division, National Institute for Interdisciplinary
Science & Technology (NIIST-CSIR), Industrial Estate, Trivandrum, India

ABSTRACT ARTICLE HISTORY

Dielectric resonators belonging to the families of complex perovskite Received 26 September 2019

BasZnTa,_yNb,O, were synthesized by a solid-state reaction route. Accepted 19 November 2019

Calcination at 1250°C leads to oxides with ordered (hexagonal)

perovskite structure over the range (0.25 <x < 1.75). However, ordering 'P(EYWO."PS, Ly
g 2 . 3 % erovskite; 1:2 ordering;

refraction intensity of PXRD patterns increased on sintering at 1340°C dielectric properties; high Q:

with tungstic acid, as a sintering aid. Sintering has lead to >90% density.  coramics

In microwave range, BazZnTagsNb, 509 shows much higher permittivity

(35) and quality factor (43,120 GHz).

1. Introduction

For more than two decades, the perovskite-based dielectric resonator had emerged as a promising
material because of the combination of high relative permittivity (e, >25), high Q (Q=1/tan § >
5000) and low temperature coefficient of resonant frequency (7;~ 0 ppm/°C) and hence found wide-
spread applications as filters and oscillators [1]. The microwave communication had revolutionized
the wireless communication that depends on the dielectric resonators with superior properties. The
perovskite based on Ba(Zn;/3Ta,/3)O5 had been widely used as a dielectric resonator material and
this gave the material research a new direction and led to the discovery of several new compounds
by appropriate substitutions at Zn and Ta sites.

Galasso et al. reported that Ba(Zn;/3Ta,/3)O; can crystallize in 1:2 ordered structure [2,3] and
these results were further confirmed by Endo et al. [4], Kawashima et al. [5]. Ba(Zn;/3Ta,/3)O5
has disordered structure at lower temperature, which transforms into ordered form (hexagonal
structure) at temperatures around 1400°C and is being used commercially in various devices [5].
During the transition from disordered to ordered state, the symmetry change from Pm3m to
P3ml, the ordering and disordering depend on the diffusion of cations. Heat treatment is one of
the main factors in controlling order-disordered phase formation. The Niobium analogue, Ba
(Zn,/3Nby/3)O;5 can also crystallize in 1:2 ordering [6]. Ba(Zn,;3Nb,/3)O3 was reported to have dis-
ordered structure till the studies done by M. A. Akbas et al. in 1998 where they reported that with
proper annealing at 1400°C for 12 h, ordered perovskite structure can be obtained [7]. Quenching or
annealing at a temperature higher than this can lead to disordered structure attributing to the for-
mation of liquid phase at grain boundaries [6,7]. The increase in the amount of liquid phase and
subsequent lattice imperfections at high temperature leads to decrease in ordering. The 1:2 ordering
is very vital for the high Q values. The volatile nature of Zn adds to the problem. The longer sintering
and annealing time required for improvement in degree of ordering leads to evaporation of Zinc
from the ceramic making the surface rich on barium niobate [8].

CONTACT Meganathan Thirumal @ thirumalm@hotmail.com
© 2019 Informa UK Limited, trading as Taylor & Francis Group
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Microwave dielectric properties of (1-x)Ba(Mg,,3Tay/3)
O3 - (x)Ba(Mg,,gTas,4)O3 ceramics synthesized
by one pot metathesis process

Yogita Bisht?, Pullanchiyodan Abhilash®, Deepa Rajendran Lekshmi®, and
M. Thirumal®

*Department of Chemistry, University of Delhi, Delhi, India; "Materials Science and Technology Division,
National Institute for Interdisciplinary Science & Technology (NIIST-CSIR), Trivandrum, India

ABSTRACT ' ARTICLE HISTORY
Complex perovskites (1-x)Ba(Mgy/3Ta;3)0; - (x)Ba(Mgy/gTas/4)03 Received 2 November 2018
(0 <x < 1) were investigated for possible solid solution and compos-  Accepted 12 December 2019
ite range using one pot metathesis process. This process lowers the

synthesis temperature of Ba-Mg-Ta ceramics to just 1100°C. Till et BT PO
x=0.5 the powder X-ray pattern shows the presence of only diel egﬁc pfope o es_p .
Ba(Mg1/3Taz/3)O3 phase. Above x=0.5 both Ba(Mg1/3Ta2,3)O3 and Ba(ng/sTa3/4)03; Ba’(Mg”3
Ba(Mgy/sTaz/4)0; phase starts crystallizing. The samples can be sin- Tay,5)05

tered to >90% density at around 1350 °C. Dielectric properties meas-

ured at GHz frequency exhibits values in the range: ¢ = 22-29

Q.f=7000 — 36000 GHz and s = 14 — 50 ppm/ °C.

KEYWORDS

1. Introduction

Complex perovskites ceramics with general formula A(M,;;M’,3)O; where A =Ba’",
S, M=Mg**, Zn**, Ni*", Co®* and M’ = Nb°", Ta’" show excellent dielectric
properties and hence used as dielectric resonators at microwave frequencies [1-3]. In
comparison to niobates, tantalates show relatively high quality factor (low loss), there-
fore they have high commercial value. Apart from high quality factor or low loss, good
dielectric resonator should also have high permittivity value (¢,) and almost zero tem-
perature coefficient of resonant frequency (t¢). Ba(Mg,,3Ta,/3)O; is one such commer-
cially valuable tantalates which exhibits highest quality factor (Q.f> 3,00,000 GHz),
permittivity (¢, ~25) and very low temperature coefficient of resonant frequency (¢ <
4 ppm/°C) among its other analog [4-11] but these properties are normally observed
after sintering at extremely high temperatures (>1600°C) [5, 7, 9, 10, 12] with long
soaking time (>100hours) [11, 13]. Researchers have tried different methods of synthe-
sis [14-16] and different dopants [17, 18] to improve its dielectric properties and lower
down its synthesis temperature, but they normally ended up with some secondary phase
or degraded properties. Reproducibility is also a matter of concern for Ba(Mg,;3Ta,3)
O3, as its properties and structures get highly influenced by synthesis method. One pot
metathesis process is a variation of molten salt synthesis. It is based on metathetical

CONTACT M. Thirumal &) mthirumal@chemistry.du.ac.in
© 2020 Taylor & Francis Group, LLC
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Special Issue on "Synthetic Carbohydrate Chemistry"

J. Indian Chem. Soc.,
Vol. 97, February 2020, pp. 117-134

Biochemical synthesis of coumarin glycosides: A review!

Jyotirmoy Maity?, Smriti Srivastava®, Rhea Rana®, Bhawani Shankar®, Neena Khanna® and Ashok K. Prasad*?
@Department of Chemistry, St. Stephen's College, University of Delhi, Delhi-110 007, India

bDepartment of Chemistry, University of Delhi, Delhi-110 007, India

“Department of Chemistry, Shivaji College, University of Delhi, Delhi-110 027, India

E-mail: ashokenzyme@gmail.com

Manuscript received online 11 October 2019, revised and accepted 14 December 2019

Coumarin glycosides have shown immense potential for diverse biological activities and have been explored extensively as
highly prospective biomolecules. In recent years, coumarin glycosides have been used as enzyme inhibitor molecules, envi-
ronmentally-sensitive fluorescent sensors, the building material of single-excitation and dual emission graphene composite,
fluorophore-tagged glycosides, molecule to assay enzyme activity on model bacterial strains, the nucleoside monomer unit
for the photoswitchable formation of a DNA interstrand cross-link along with many other applications. in this review, we have
compiled biochemically afforded coumarin glycosides obtained via mutagenic synthesis, chemo-enzymatic synthesis and hairy
root culture system synthesis. This review will play the role of a reservoir of biochemically synthesized glycosylated coumarins
and encourage medicinal chemists to explore the potential of these molecules as drug candidates and further biological ap-

plications.

Keywords: Coumarins, coumarin glycosides, mutagenic synthesis, chemoenzymatic synthesis.

1. Introduction

Coumarins are heterocycles consisting of fused benzene
and a-pyrone rings, which form a very significant class of
natural products. After its first isolation from tonka beans,
more than thirteen hundred types of coumarins have been
isolated and identified as secondary metabolites from bacte-
ria, fungi and green plants'2. These naturally occurring com-
pounds had displayed a wide array of biological and phar-
macological activities, which encouraged scientists to syn-
thesize their analogues. With an aim to produce analogue
series, divergence was introduced in the basic coumarin
moiety by various substitutions in the aromatic ring and 3-
and 4-positions of benzopyran ring of the coumarin. Never-
theless, structural biodiversity in coumarin glycosides arises
from the attachment of the sugar moieties at specific posi-
tions of the aglycon core. When attached to the drug mol-
ecules, they manoeuvre their solubility, membrane transport,
pharmacokinetics and pharmacodynamics3. When used as
a drug molecule, these sugar modules contribute towards

the molecular recognition of their cellular target and help the
aglycon part to affix with DNA strand by anchoring with its
major or minor groove?. Biological relevances of the cou-
marin glycosides have inspired biochemists and microbiolo-
gists to develop various chemical, chemoenzymatic, enzy-
matic and engineered biosynthesis methodologies to fabri-
cate coumarin glycosides. However, exploration of literature
conceded that review articles on naturally occurring or syn-
thesized coumarins® are not so plentiful in literature and
moreover, coumarin glycosides were recorded as an insig-
nificant part therein. On the other hand, the use of whole-cell
fermentation (wild type/mutant) or application of isolated and
purified natural-product enzymes have been found to be
advantageous in comparison to classical methods of total
synthesis of natural products which are often lengthy and
afford very poor overall yield. In the modern manufacturing
methodologies of natural products, fermentation processes
are used widely for the manufacturing of mass production of
natural products, such as antibiotics, vitamins and other

TReview.
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Chemo-enzymatic route to bridged homolyxofuranosyl-pyrimidines

Sandeep Kumar”, Harbansh Singla®, Jyotirmoy Maity”, Priyanka Mangla®, Ashok K. Prasad™"

“ Bioorganic Laboratory, Department of Chemistry, University of Delhi, Delhi, 110 007, India
" Department of Chemistry, St. Stephen's College, University of Delhi, Delhi, 110 007, India

ARTICLE INFO ABSTRACT

Keywords:

Chemo-enzymatic pathway
Regioselective monoacetylation
Novozyme®-435

Bridged homolyxofuranosyl nucleosides

Synthesis of 2-0,5’-C-bridged-g-p-homolyxofuranosyl nucleosides U and T have been achieved starting from
diacetone-n-glucose in overall yields 55.7 and 57.1%, respectively. Quantitative regioselective monoacetylation
of the lone primary hydroxyl group in trihydroxy nucleoside intermediate, i.e. 3’-O-benzyl-f-p-glucofuranosyl
nucleosides mediated by Novozyme®-435 has been utilized as the key step in the synthesis of homolyxofuranosyl
nucleosides. The structure of the synthesized 2’-0,5’-C-bridged-p-p-homolyxofuranosyl uracil and -thymine has

been established on the basis of their spectral (IR, *H, **C NMR and HRMS) data analysis and the structure of
earlier nucleoside was confirmed by its X-rays diffraction analysis which revealed that these 2’-0,5'-C-bridged
homo-nucleosides are locked into S-type sugar puckering.

1. Introduction

Modified nucleosides and their analogues are of much importance
due to their immense potential as key precursors for the synthesis of
oligonucleotide based therapeutic agents for RNA/gene targeting [1,2].
Most of the bicyclic sugar modified nucleosides possess constrained
sugar puckering, which enable them to mimic a DNA or RNA type
furanose ring conformation. The oligonucleotides derived from such
nucleosides show high levels of complementarity with their corre-
sponding DNA/RNA strands together with more stability towards nu-
cleases. Quite a few sugar modified nucleosides have been found to
exhibit excellent anti-tumour or antiviral activities [3].

Bicyclic nucleosides 1 and 2, with extra methylene group in the
sugar moiety are well known as locked nucleic acids (LNA) and used for
the development of antisense/anti-gene oligonucleotides due to their
restricted conformational structures (Fig. 1) [4-6].

Likewise, homonucleoside monomers having an additional methy-
lene group at the C-5’ end as in nucleoside 3 [7-10] or between C-1’ and
nucleobase as in nucleoside 4 [11,12] have established their sig-
nificance with diverse biological activities. Extensive modifications
have been carried out in the sugar ring to synthesize homonucleoside
analogues, such as 1,3-dioxolane nucleosides 5 [13,14], homo-N,O-
nucleosides 6 [15,16] and bicyclic-N,O-iso-homonucleosides 7 [17]. On
the other hand, a 2’-0,5’-C-methylene-linked bicyclic nucleoside 8 was
synthesized and its conformational studies revealed that it adopted S-
type furanose configuration [18]. Two novel bicyclic nucleotide
monomers 9 (5R & 5S5) were synthesized with 3’-endo conformational

* Corresponding author.
E-mail address: ashokenzyme@gmail.com (A.K. Prasad).

https://doi.org/10.1016/j.carres.2020.108013
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restriction, where the sugar moiety had the p-arabinose conformation
[19]. The 9-mer or 14-mer oligonucleotides with mono-, di- or tri-in-
corporation of these nucleoside monomers in oligonucleotides showed
decrease in binding affinity towards complementary DNA and RNA.
Variation of the heterocyclic rings and bicyclic structures associated
with these homonucleoside analogues has enabled researchers to en-
hance the physiological/biological properties of oligonucleotides in-
volving them. Further, potential activities of homocytidine 3a, homo-
uridine 3b and homoarabinofuranosylcytosine 3¢ have been evaluated
against herpes simplex virus type 1 along with their cytoxicity against
HL-60, K-562, U-937 and human LY-PHA cell lines (Fig. 1) [7]. Simi-
larly, antiviral activity of oxazolidine homonucleosides 6 were ex-
amined against variety of DNA and RNA viruses and these nucleosides
were found to be non-toxic up to 250 pM concentration [20].

We have reported the synthesis of several bicyclic and spiro-nu-
cleosides where the bridging methylene group introduces conforma-
tional restriction to the sugar ring of the nucleoside [21-24]. Herein,
we report a chemo-enzymatic synthesis of bicyclic 5-homo-
lyxofuranosyl nucleosides of U and T.

2. Results and discussion

It was envisioned that the targeted bridged homo-nucleosides would
be synthesized from diacetone-p-glucofuranose because this is an or-
thogonally protected substrate that will provide tetraacetate inter-
mediate for nucleobase coupling and subsequently produce our desired
nucleoside monomer (Scheme 1).
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The direct synthesis of a substituted naphthopentathiepin
for selective Co?* ion recognition in aqueous solution

Harshit Arora’ - Priya Ranjan Sahoo' - Arvind Kumar' - Rajesh Kumar? - Satish Kumar'

Received: 29 December 2018 / Accepted: 19 June 2019 / Published online: 24 June 2019
© Springer Nature B.V. 2019

Abstract

A new pentahiepin based on 1-naphthol unit was synthesized by direct condensation method, which on crystallization yielded
triclinic crystals in the P-1 space group. The crystal structure was analyzed computationally through Gaussian and Crystal-
Explorer software. An unusually high degree of short contacts originating from sulfur were observed. The intermolecular
interaction investigations revealed that the sulfur atoms take a chair form suitable for metal coordination. Investigation of
the affinity of the naphthopentathiepin towards metal ions revealed that the receptor forms a complex with Co** ions in 50%
aqueous acetonitrile. By virtue of the cage type cavity offered by the pentathiepin derivative, it can form a complex with

Co”* ions in a sandwich fashion. The Job’s plot confirmed 2:1 binding stoichiometry.

Keywords Cobalt sensor - Pentahiepin - Colorimetric sensor - DFT studies - TD-DFT studies - Crystal structure - X-ray

analysis - Crystal explorer

Introduction

Supramolecular chemistry is an ever-expanding area for the
development of sensors and switches for environmentally
and biologically important heavy metal ions [1, 2]. Devel-
opment of low cost, portable and easily available sens-
ing device is tremendously important towards a sustainable
solution for toxic ions [3]. Toxic analytes produced from the
industrial sources entering into the ecosystem is a perennial
threat. The development of innovative receptors with the aim
of enhancing selectivity and their subsequent application
in toxic metal ion recognition is of enormous interest these
days [4]. Cobalt is a vital trace element in nutrition and its
deficiency may lead to anemia, loss of appetite, vasodilation
[5-7]. Varied disorders like allergy, nausea, gastrointestinal

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10847-019-00932-8) contains
supplementary material, which is available to authorized users.
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disorder are greatly prevalent owing to the cobalt ion poison-
ing [5-7]. Unregulated exposure of cobalt may also result
in cardiac and thyroid enlargement, heart disease, and bone
marrow malfunctions [8, 9]. Therefore, monitoring the dis-
tribution of cobalt ions in the environmental and biological
system is essential. Hence, there is a strong need to detect a
low level of cobalt ions for environmental remedies.

Although several techniques like inductively coupled
plasma-mass spectrometry (ICP-MS), inductively coupled
plasma-atomic emission spectrometry (ICP-AES), flame
atomic absorption spectrometry are commonly employed to
monitor cobalt ion concentrations in the samples collected
from different sources [10—13]. However, long time scale,
tedious sample preparation, expensive instruments create
more hurdle in practical adoption of these techniques for
monitoring the metal ion concentration in remote areas. Col-
orimetric detection of the analyte is easy to recognize and
convenient method as a distinction can be achieved with
naked eye evaluation [14].

Some of the reported sensors for Co?* ions include sub-
stituted phenanthrolines [15], isothiazole [16], Schiff’s base
derivatives [17-19], mercapto compounds, Zn-terpyridine
complex [20] etc. Sulfur is an important donor atom in
supramolecular chemistry [21, 22]. Sulfur is widely used in
medicines, bleaching of fabric, formulation of gun powder
and vulcanization of latex [23]. Due to the inexpensive and
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Abstract: A merocyanine dye as a p-toluenesulfonate salt was synthesized. The structure of the
dye was characterized using IR, NMR, HR-MS and single crystal X-ray crystallography. The X-ray
crystallographic studies revealed the formation of a stacked aggregated structure of the merocyanine
dye. The stacking interactions were investigated using the Crystal Explorer program, which estimated
the strength of the interactions between different molecular pairs. The merocyanine dye was screened
for affinity towards heavy metal ions, which revealed a color change from pink to colorless in the
presence of mercuric ions, while other metal ions did not produce a similar change in color. In addition,
the fluorescence spectroscopy indicated a change in the fluorescence intensity upon addition of
mercuric ions. Both techniques displayed a good limit of detection value towards mercuric ions.
In addition, the pixel intensity-based detection technique was also employed for the determination of
limit of detection value with the help of a smartphone. The dynamic light scattering (DLS) studies
indicated that the optical change occurred in the spectra of the receptor is due to the disaggregation of
the receptor induced by mercuric ions. In addition, 'H-NMR studies were also used for investigating
the mechanism of interaction between the receptor and the mercuric ions. The density functional
theory (DFT) studies were used to investigate the formation of the complex at the molecular level,
while time dependent density functional theory (TD-DFT) studies were used to understand the
observed absorption spectra through the calculation of electronic excitation parameters, which
indicated an increase in the energy difference between ground and the excited state.

Keywords: colorimetric sensor; optical sensor; mercury sensor; spiropyran; merocyanine form;
reversible sensors; DFT; TD-DFT

1. Introduction

Mercury pollution is known to produce devastating effects on our environment [1,2]. Although
mercury is present in the earth’s crust, human activities are the biggest source of mercury in our
environment [3-6]. Mercury pollution originates due to the release of mercury in our environment
and water bodies from a variety of sources such as coal burning, chlor-alkali, cement, plastic, medical
device, electrical, paper and certain pharmaceutical industries [7-9]. In particular, polluted water
bodies can seriously affect the health of a population that depends on fish consumption for their
survival [10]. Mercury exists in various forms: Elemental (or metallic), inorganic (to which people
may be exposed through their occupation) and organic (e.g., methylmercury, to which people may be
exposed through their diet) [11,12]. Once in the environment, mercury can be transformed by bacteria
into methylmercury. Methylmercury then bio-accumulates in fish and shellfish, which occurs when an
organism holds higher concentrations of the element than the surroundings [13,14]. People are mainly
exposed to methylmercury, an organic compound when they eat fish and shellfish that contain the
compound [15,16]. These forms of mercury differ in their degree of toxicity and in their effects on
the nervous, digestive and immune systems, and on lungs, kidneyLk'm, and eyes [17]. Exposure
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A morpholine substituted methyl 3-hydroxy-2-naphthoate was synthesized. The morpholine derivative
displayed an intense fluorescence. Owing to the presence of suitable donor atoms, it was employed for
the detection of transition metal ions. The crystals of copper and nickel complexes of the fluorescence
active ligand were grown via vapor diffusion method. The ligand structure and its metal complexes were
characterized using 'H NMR, IR, HR-MS and single crystal X-ray crystallography. The synthesized ligand
displayed selective turn-off fluorescence response in the presence of Cu?* and Ni?* ions. Fluorescence
active letters were encoded successfully on filter paper utilizing metal complexes as a tool towards digital

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Heterocyclic ligands with metal-coordinating sites along with
self-complementary hydrogen bonding sites facilitate supramolec-
ular assembly and directional growth [1,2]. The metal complexes
are centre of attention during last several decades for producing
network structures with desired properties through self assemblies
directed by different metal ions [3-5]. Numerous examples are
available in the literature, where heterocyclic ligands having mor-
pholine acts as a coordinating moiety for binding transition metal
ions | 2,6]. A number of examples are also available in the literature,
where heterocyclic molecules along with carboxylate and -OH
groups are used for MOFs construction owing to the availability
of variable modes of coordination [2,7-9]. Mono and di-carboxy-
lated groups are often useful as they can show a flexible binding
mode, and offer interesting multimodal coordination environ-
ments for metal ions such as octahedral, tetrahedral or square pla-
nar | 10]. Heterocyclic molecules are often used for the detection of
metal ions owing to their affinity towards metal ions [11] and dis-
play an optical response, which may be in the form of a color or
change in fluorescence signal [3-5]. In addition, a complex struc-
ture formed through the association of metal ion with a hetero-
cyclic ligand may often display porous nature for binding gas
molecules or ion binding and can also be used in catalysis
[12-15]. The metal-ligand complex in some cases forms a
unidirectional assembly, while in other cases they may display a

* Corresponding author.
E-mail address: satish@ststephens.edu (S. Kumar).
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0277-5387/© 2019 Elsevier Ltd. All rights reserved.

multidirectional growth pattern. Metal complex self-assembled
structures are potentially useful in the diverse fields of molecular
machines, optoelectronics, semiconductor devices for energy stor-
age etc. [16-18]. Transition metal complexes can also exhibit
accessible oxidation and reduction pathways, which helps in accel-
erating electronic performance [19,20]. Metal complexes with
transition metal ion at its central core are also used as molecular
magnets [21-23]. The wide applicability of the transition metal
complexes in such applications lies in their tendency to flexibly
tune intermolecular interactions through ligand modification,
which modify their properties to obtain desired results. In this con-
text, small molecule organic linkers are receiving increasing atten-
tion in recent times owing to their easy availability, remarkable
host-guest response and flexible tendency in achieving
supramolecular architecture [24]. In addition, metal-organic com-
plexes can also showcase special geometry and size along with an
interesting optical response [2526]. The development of
supramolecular architectures capable of color as well as fluores-
cence changes upon complexation and solid state fabrication is
also of great interest, which can be utilized for on-site and real-
time detection of toxic metal ions [27]. Such novel optical detec-
tion tools with flexible binding sites, superior signal, and portable
features can be of great interest in the area of environmental
science [28,29]. Among various utility of transition metal ion com-
plexes, the copper complexes often play a central role in biochem-
ical and enzymatic processes [30,31]. Copper is also an important
cation in biochemistry, neurobiology and plays a significant role
in enzymatic transformation reactions [32]. The strong ligand
binding response of copper and its inherent redox nature imply a
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A substituted benzothiazolinic spiropyran was synthesized through a reaction between 2-hydroxy-3-methoxy-5-
nitrobenzaldehyde and 2-ethyl-3-methylbenzo[d]thiazol-3-ium-4-toluenesulfonate in the presence of piperidine.
The spiropyran derivative was characterized using IR, NMR, mass and SCXRD analysis. Owing to the presence of
a methoxy group ortho to the phenolic oxygen atom, the affinity of the synthesized spiropyran derivative towards
toxic metal ions was investigated in CH3CN: water (1:1). A hypsochromic shift in the absorption and fluorescence
spectra was observed in response to the presence of Hg>" ions. The formation of complex was also observed
through a visible change in color from dark yellow to colorless. UV-vis, fluorescence spectroscopy and digital
image analysis were used to obtain good limit of detection value (5.5 uM, 78.5nM and 0.62 uM, respectively) for
the receptor towards Hg®" ions. The "H-NMR spectroscopy indicated the interaction of the phenolic oxygen
atom and Hg”" ions. The density functional theory was further used to investigate the stabilities of the different
stereoisomers of the spiropyran derivative and their complex. The DFT studies also supported the interaction
between the phenolic oxygen atom and the Hg?* ions. TD-DFT studies were also performed to analyze the
observed changes in the UV-Visible spectra upon addition of the Hg?" ions, which indicates an increase in the
HOMO-LUMO gap.

1. Introduction

heart and kidney [16]. Owing to the detrimental effects of mercury,
much research is focused on the development of techniques for the

A variety of elements are present in our environment, which may be detection of Hg>* ion in water and living organisms. Due to the toxicity
essential or non essential for human life [1-3]. Some metal ions are associated with mercury ions, its presence should be regularly mon-
required for the survival of plants and animals to drive the biological itored in food materials [17], drinking water [18], and other sources
processes, while non-essential elements play no positive role in biolo- like ponds, rivers and lakes [19]. Techniques like ICP-AES, ion-selective
gical system [1-4]. However, the presence of certain metal ions in ex- potentiometry, anodic stripping valtammetry and atomic absorption
cess is toxic to human beings and the environment [5,6]. The toxicity spectrometry are being used for the detection and quantification of
associated with heavy metal ions may be transferred from one organism metal jons [17,20,21]. The problems associated with instrumental
to others [7,8]. In addition, the non degradative nature of the toxic techniques include poor portability, expensive at commercial scale,
metal ions may lead to their bioaccumulation [7,8]. The heavy metals time consuming, poor selectivity and detection limit. Therefore, there is
such as mercury, cadmium, lead, etc. are considered as highly toxic a need to develop portable and inexpensive materials for the detection
metal elements in the environment due to their detrimental effects on of mercury. The optical chemical sensors are worth being explored for
human health [9,10]. Among these toxic metals, the mercury produce a the detection of mercury ions owing to their easy availability, simplicity
highly toxic effect on the living organism [9]. Mercury exists in three in use and portability to remote areas. In addition, the reuse of sensor
different oxidation forms: Hg®, Hg* and Hg?* [11,12]. All three forms may further reduce the cost of the detection process. Optical sensors are
of mercury are toxic in nature [11]. Absorption of mercury through skin available for the detection of different type of analytes in the en-
causes different types of skin disease [13]. Minamata disease [14,15] is vironmental samples [22-24]. Several types of Hg?>" ion sensors are
also caused by mercury poisoning. Mercury poisoning is also re- also available, which are usually based on protein [25], gold nano-
sponsible for shrinking of our muscles, and serious damage to brain, particles [16], dimerization of heterocyclic macrocyclic organic
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Abstract

A series of hydrazone moiety based probes with variable size of binding cavity flanked by mono-nitro and di-nitro group
were synthesized. Characterization of the synthesized probes was performed by using 'H, '*C-NMR, HR-MS and FT-IR
spectral techniques. Owing to the presence of N-H moieties and nitro groups in the synthesized structures, the probes were
evaluated for the detection of anions. The synthesized receptors selectively detected cyanide ions in acetonitrile solution
and displayed a distinct change in color. The change in color and selectivity was observed to be dependent on the cage-size
and the number of nitro groups present in the structure of the probe. The DFT studies were also performed to understand the
mode of binding and color observed in the probes. The parameters obtained from the DFT data correlated very well with
the parameters obtained from experimental data. DFT studies indicated that the abstraction of the second proton is more
difficult than the abstraction of the first proton due to the presence of H-bonds.

Graphic Abstract

lonly 2only 3 only

Keywords Cyanide detection - Optical sensors - Colorimetric detection - DFT analysis - Tweezers shaped receptors

Introduction

The global environmental pollution problems caused by
anions released as industrial waste are increasing due to
increased industrial activities [1, 2]. The waste released

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10847-019-00963-1) contains
supplementary material, which is available to authorized users.
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into water bodies is affecting the human population and
aquatic life, which are dependent on water bodies for their
survival [3]. Finding a clean atmosphere, free of pollutants
is an extremely important issue, which has captured global
attention. The environmental remediation efforts require
monitoring of our water bodies to prevent the harmful
effect of pollutants on human health. The monitoring of
remote polluted sites can be easily achieved by portable
supramolecular host—guest sensing systems, which can
display enhanced selectivity and sensitivity. Sensitive and
selective colorimetric sensors based on the principle of
molecular recognition can be helpful tools in countering
such environmental crisis [4]. Therefore, supramolecular
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A Smartphone-Assisted Sensitive, Selective and Reversible
Recognition of Copper lons in an Aqueous Medium

Arvind Kumar,®® Anuradha Bera,® and Satish Kumar*®

A photochromic substituted spiropyran (8-methoxy-1,3’,3"-
trimethylspiro[chromene-2,2'indoline]) was successfully synthe-
sized and its structural integrity was ascertained using spectro-
scopic methods. Owing to the uniquely positioned methoxy
and phenolic groups for potential coordination with a metal
ion, it was investigated for the recognition of toxic metal ions.
The spiropyran derivative responded to the presence of Cu?*
ions in an aqueous solution by displaying a color change visible
to the naked eye (colorless to pink). The color change was
witnessed due to the Cu”* ion-induced transformation of the
closed-form (spiro) of the substituted spiropyran derivative into
an open merocyanine (MC) form, which complexes the Cu*"
ion. The color change was further used for the quantification of

Introduction

Copper is among the most common heavy metal ions that is
essential for biological function in small concentration but
poses a serious environmental challenge.”’ Copper deficiency
in plants can cause inhibition in the growth of branches and
loss of sheen of leaves.” In humans, copper is commonly found
in important organs of the body such as kidney, heart, and liver
skeletal muscles.”” Copper is known to maintain the immune
functions,””! healthy bones” and blood vesicles® in human
body. Deficiency of copper in humans may cause high blood
pressure,”’ an increased level of cholesterol® and a disease
named neutropenia.” Exposure to a high concentration of
Cu®" ions may also lead to a variety of disorders"'” like Menkes
and Wilson’s disease,""" Alzheimer's disease,”? amyotrophic
lateral sclerosis," vomiting, diarrhea, weakness, and stomach
pain." Hence, it is critical to monitor the concentration of
copper ions in our environment to prevent the accumulation of
Cu”* ions in the food and water. A variety of analytical tools
are used for the analyses for copper concentration in drinking
water™ and eatable,"® which include colorimetric"” (UV-Visible
spectroscopy), fluorometric,"® voltammetric analysis,"® atomic
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Cu’* ion concentration in water using a smartphone captured
digital images via pixel intensity analysis. The spiropyran
derivative displayed 0.24+0.01 uM, 0.65+0.06 uM (0.61+
0.06 uM using paper strips) as the LOD for Cu?* ions using UV-
Visible spectroscopy and digital colorimetry, respectively. The
density functional theory (DFT) calculations and Job’s plot
supported the formation of a 2:1 (H: G) complex between the
spiropyran derivative and copper ions. The time-dependent
DFT (TD-DFT) investigations were also used to understand the
color change during the complex formation, which indicated a
good correlation between the experimental and theoretical
results at the molecular level.

absorption spectroscopy,”” inductively coupled plasma mass

spectroscopy”” and chromatographic analyses.”” In order to
enhance the portability, selectivity, and sensitivity of the
technique used for the determination of copper ions concen-
tration in water, a variety of materials and scaffolds to bind
copper ions were developed.”” For instance, materials based
on quantum dots,*" nano-particles,”” nano-rod® and syn-
thetic molecular receptors were also developed for copper ion
detection in water. The use of colorimetric devices also
improves the simplicity and portability of the sensing system.
The sensing component is the essential and expensive
component of any sensing device. Therefore, if the sensing
component molecular unit can be regenerated and reused
multiple times, the cost of the metal ion concentration
monitoring process may reduce drastically. Chemical or thermal
methods of regeneration may lead to decomposition of the
sensing material thereby altering its composition. In addition,
the chemical method leads to environmental pollution due to
the usage of chemicals during regeneration process. Therefore,
light responsive systems are advantageous as light can be a
convenient tool to regenerate the sensing material. Therefore,
the use of light responsive system for coordinating excessive
copper ions present in water can provide an effective light
reversible system.

Literature reports of a variety of light-responsive systems
such as spiropyran or spirooxazines are available for the
recognition of copper ions.?**”! Photoreversible systems may
exist in a highly colored merocyanine (MC) form and a colorless
spiro (SP) form, which may interconvert in response to an
analyte or light.?**” Such reversible systems may be chemi-
cally modified to coordinate metal ions like copper or other
toxic ions. The availability of a methoxy group at a unique

b
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ARTICLE INFO ABSTRACT

A benzothiazolinic-spiropyran based optical receptor was synthesized with suitable donor group ortho to the
phenolic oxygen atom. The structure was established through 'H, **C-NMR, HR—MS techniques. Owing to the
presence of donor group at a suitable position, it was screened for affinity toward metal ions. The receptor
detected the presence of copper ions in aqueous buffered acetonitrile solution by producing a reddish-orange

Keywords:

Colorimetric sensors

Cu2+ sensing
Benzothiazolinic spiropyran

25 I’Llr;;:syran color. The receptor displayed 0.75uM as the limit of the detection value towards copper ions. The receptor
DFT successfully released the copper ions upon irradiation with a light of 532 nm. Test strips coated with spiropyran
TD-DFT derivative were developed, which were used for the detection of copper ions in aqueous solution. The DFT

calculations indicated that the CTT stereoisomer of the merocyanine form is more stable, while TTT stereoisomer
forms the most stable complex with Cu®" ions. The DFT calculations were further used to calculate the pre-
organization energies required for the complex formation between the receptor and the copper ions. DFT studies
indicated higher than usual stability of the CCC stereoisomer of the merocyanine form, which promoted the
reversibility. In addition, the calculations indicated that the copper ion reduced the activation energy barrier for
the ring-opening process. TD-DFT calculations were used to investigate the observed absorption band for the

receptor and the complex.

1. Introduction

Water pollution caused by increased industrial activities is con-
tinuously creating serious environmental issues for the population
around the world [1,2]. Among a variety of pollutants released in our
water bodies, toxic metal ions present a clear danger to the human
population due to their fatal effects on living organisms [1,3]. The toxic
metal ions are not degradable that results in their accumulation in the
environment and biological system, which further increases the pro-
blems associated with them [4,5]. Apart from industries, the sources of
toxic metal ions include agricultural, pharmaceutical, geogenic atmo-
spheric sources, mining foundries and domestic effluents [2]. Although
the presence of certain metal ions is essential to drive the biological
process in a living organism, their presence in excess in food, water or
beverages can cause serious ill effects [6-9]. Among different heavy
metal ions, the presence of copper ion in trace amount (5-20 micro-
grams) is essential for carbohydrate metabolism and functions of sev-
eral enzymes in fish, humans and other mammals [10-12]. The pre-
sence of copper ion is also important for haemocyanin and hemoglobin
formation [13,14]. However, exposure to the excessive concentration of
copper ion can be highly toxic to humans. For example, the copper ion

* Corresponding author.
E-mail address: satish@ststephens.edu (S. Kumar).
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is believed to cause various health effects in humans such as primary
biliary cirrhosis, Alzheimer’s, Wilson disease, liver, and brain damage
[15-18]. Therefore, there is a need to monitor the presence of copper
ions in water and other environmental samples. Chemical complexation
is usually employed to treat or control the copper ion accumulation in
the biological system and the environment [19]. Synthetic chemical
receptors are small organic ligands with appropriate functional groups
to complex specific analyte [20]. The synthetic chemical receptors on
conjugation with a signaling unit can provide an optical signal upon
complexation with the analyte (like Cu®** ion) of interest [20,21]. In
applications such as sensing of metal ions, the cost of operation can be
considerably reduced, if the chemical receptors can be regenerated after
use. However, most of the chemical receptor requires harsh conditions
for regeneration, which considerably degrade the composition of the
receptor samples. The use of visible light to regenerate the receptor may
be more desirable as it is convenient and not harmful to humans [20].
Therefore, it is important to develop reversible, photoresponsive sys-
tems, which can be used multiple times for the detection of an analyte.
In such applications, a photochromic system can be modified using
simple chemical reactions to complex metal ions, which may be re-
leased in response to light of suitable wavelength [20,22]. In this
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A merocyanine dye as a p-toluenesulfonate salt was synthesized and characterized using spectroscopic
techniques. The structure established through single-crystal X-ray crystallography revealed the presence
of an extensive H-bond network of dye molecules linked through water molecule and p-toluenesulfonate
group. The crystal explorer program was used to estimate the contribution of different intermolecular
interactions in the network of molecular chains. The addition of mercuric ions led to the disruption of the
molecular chains through complex formation between mercuric ions and the merocyanine form, which
produced a change in color visible to the naked eye. The molecule displayed no change in color upon
addition of other metal ions. The change in color was used for the detection of mercuric ions. The
interaction between the dye molecule and the mercuric ion was further investigated using UV—Visible,
DLS and '"H NMR spectroscopy. The interaction between the merocyanine dye and the mercuric ions can
be reversibly disrupted by UV light (365 nm). The interaction between mercuric ions and the mer-
ocyanine dye was further investigated using density functional theory to corroborate the experimental

H-bond

data. TD-DFT studies indicated a increase in the HOMO-LUMO gap upon addition of mercuric ions.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Rapid industrialization around the world, in search of better
living conditions, is creating huge environmental problems as a
side effect, which is unsuitable for the health of humans, and can
cause disruption of the ecosystem in an extreme case [1,2]. Among
a variety of pollutants released as industrial waste into water
bodies, mercury ions constitute a serious threat to the health of
humans and other living organisms that depend on water bodies
for their survival [3—6]. The threat multiplies due to the fact that
the metal ions are permeable to the biological membranes and
non-biodegradable, which leads to their bio-accumulation. The
accumulation of metal ions like mercury affects endocrine and
central nervous system [7—9]. Minamata disease and poisoning in
Iraq are examples of the effects of excessive mercury on human
health [10—12]. The presence of mercury in drinking water may
also cause kidney failure, brain damage and other diseases [ 13—15].
The problem due to mercury poisoning can be further enhanced by
methylation of mercury that increases the solubility of mercury in
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the lipids [16,17].

Therefore, there is a need to develop systems to monitor the
concentration of mercuric ion with high sensitivity and reliability in
water. Most of the methods available for monitoring the concen-
tration of mercury require sample collection from remote areas
followed by their analysis using bulky and expensive instruments,
which is time-consuming and costly [18,19]. Therefore, there is a
great need to develop a cheaper and portable method for the
detection of mercury ions in environmental samples. In this
context, synthetic receptors that utilize the principle of molecular
recognition are important, which can be used to selectively
recognize the mercuric ions at low concentrations with high
selectivity through a change in the optical signal [20-22]. A
number of receptors that produce both fluorometric and colori-
metric signal in the presence of Hg?* ions are available in the
literature [23], which are based on small chromophoric groups
[7,24—30], quantum dots/nanoparticles/nanoclusters [31-34],
DNA/proteins [35—38], synthetic polymers or assemblies [39—43].
Current efforts in this area have focused on to develop receptors
that are water-soluble and can be regenerated easily for reuse. In
addition, the receptors should display intense signal in the pres-
ence of mercuric ion. In this context, photochromic molecules like
spiropyran are gaining greater attention due to their easy synthesis,
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