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Abstract. The construction of the cosmic distance-duality relation (CDDR) has been widely
studied. However, its consistency with various new observables remains a topic of interest.
We present a new way to constrain the CDDR 7(z) using different dynamic and geometric
properties of strong gravitational lenses (SGL) along with SNe Ia observations. We use
a sample of 102 SGL with the measurement of corresponding velocity dispersion oy and
Einstein radius fg. In addition, we also use a dataset of 12 two image lensing systems
containing the measure of time delay At between source images. Jointly these two datasets
give us the angular diameter distance Dy, of the lens. Further, for luminosity distance, we
use the 740 observations from JLA compilation of SNe Ia. To study the combined behavior
of these datasets we use a model independent method, Gaussian Process (GP). We also
check the efficiency of GP by applying it on simulated datasets, which are generated in a
phenomenological way by using realistic cosmological error bars. Finally, we conclude that
the combined bounds from the SGL and SNe Ia observation do not favor any deviation of
CDDR and are in concordance with the standard value (1 = 1) within 2¢ confidence region,
which further strengthens the theoretical acceptance of CDDR.
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ARTICLE _ENEO ABSTRACT

In General Relativity (GR), the graviton is massless. However, a common feature in several theoretical
alternatives of GR is a non-zero mass for the graviton. These theories can be described as massive
gravity theories. Despite many theoretical complexities in these theories, on phenomenological grounds
the implications of massive gravity have been widely used to put bounds on graviton mass. One of the
generic implications of giving a mass to the graviton is that the gravitational potential will follow a
Yukawa-like fall off. We use this feature of massive gravity theories to probe the mass of graviton by
using the largest gravitationally bound objects, namely galaxy clusters. In this work, we use the mass
estimates of galaxy clusters measured at various cosmologically defined radial distances measured via
weak lensing (WL) and Sunyaev-Zel'dovich (SZ) effect. We also use the model independent values of
Hubble parameter H(z) smoothed by a non-parametric method, Gaussian process. Within 1o confidence
region, we obtain the mass of graviton my < 5.9 x 1073% eV with the corresponding Compton length
scale g > 6.82 Mpc from weak lensing and mg < 8.31 x 10730 eV with Ag > 5.012 Mpc from SZ effect.
This analysis improves the upper bound on graviton mass obtained earlier from galaxy clusters.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

General theory of Relativity (GR) is one of the most elegant
theories of gravity. It had been introduced only on the basis of
theoretical principles before being tested and confirmed by obser-
vations [1]. Till date all of its predictions have been tested and
verified in different limits [2]. In the weak field approximation, ob-
servations like the precise measurement of the perihelion advance
of Mercury [3], deflection of light by the Sun [4], gravitational time
delay [5], equivalence principle [6], the Nordtvedt effect in lunar
motion [7], frame-dragging [8] etc., show an impeccable agree-
ment with the observations at solar system length scales [9]. The
recent detection of gravitational waves [10] as well as time lag
measurements on binary radio pulsar [11] verified the consistency
of GR even in the strong field limit [12]. However, there is still
a lack of direct observations at large length scales (~ Mpc) that
can establish the consistency of GR [13]. Further, there is a need
to introduce a dark component in the energy budget of the Uni-
verse to make it compatible with cosmological observations [14].

* Corresponding author.
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This dark sector of the Universe remains unobserved which in turn
could be taken as an opportunity to look for alternatives to GR
at large (cosmological) length scales. The study of any deviation
and modification of GR remains an exciting topic of research and
has immense theoretical importance. Many alternative theories like
f(R) gravity [15], Chameleon theory [16], Galileon models [17]
etc., have been proposed. For a detailed review of alternative the-
ories of gravity, see ref. [18-20].

Massive gravity theories are a class of alternative theories to
GR that can explain the cosmic acceleration without invoking a
dark component in the Universe [21,22]. In 1939, Fierz and Pauli
(F&P) proposed a very elegant theory of massive spin 2 gravi-
tons, in which they added a mass term to the Einstein-Hilbert
action in such a way that GR is recovered when the mass term
tends to zero [23]. However, this theory of massive gravity failed to
reproduce the results of GR at small scales (specially at solar sys-
tem scales). This incompatibility is known as van Dam, Veltman,
and Zakharov (vDVZ) discontinuity (1970) in literature [24]. But
Vainshtein (1972) presented a mechanism where he showed that
the vDVZ discontinuity can be cured by taking into account non-
linearities [25]. Soon thereafter, Boulware and Deser (1972) found
that a ghost-like negative kinetic term appears in the non-linear

0370-2693/© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by
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Gender perception in the
development of online legal
information system for the

Indian environment

Raj Kumar Bhardwaj
St Stephen’s College, University of Delhi, Delhi, India

Abstract

Purpose — The study aims to identify gender differences and similarities in the awareness of legal
information resources and problems faced by legal professionals. Further, the study identifies the differences
on the basis of gender, regarding the requirements in developing an online legal information system (OLIS) for
the Indian environment.

Design/methodology/approach — The study was carried out in eight law libraries in Delhi using a
structured questionnaire. Data were collected through the questionnaire having 27 questions including
dichotomous (Yes/No), multiple-choice questions, rating and opinion questions. A need assessment
survey was conducted using the structured questionnaire circulated among 750 respondents of eight
institutions in Delhi. In total, 397 filled in questionnaires were received back. A total of 246 of the
respondents were males and 151 females. The design and development of an OLIS went through five
phases, i.e. preliminary preparation, designing and planning phase, development of OLIS covering
preparation of software, data structures, metadata, search form, testing and implementation phase and
maintenance.

Findings — The study found that 100 per cent of the female respondents were aware of online legal
information resources. Maximum 28.4 per cent female respondents rated legal e-resources “very
good”, whereas only 19.9 per cent male ranked them “very good”. Female respondents were found less
aware about open access resources. In addition, of 246 male respondents, 213 (86.6 per cent) responded
“Yes” about awareness of open access resources and 33 (13.4 per cent) marked “No”. In comparison,
116 (76.8 per cent) female respondents revealed they are aware of open access resources; 35 (23.2 per
cent) were not aware of open access resources. Fifty-eight (23.6 per cent) male respondents were very
dissatisfied, and 60 (24.4 per cent) completely dissatisfied. However, in contrast, 29 (19.2 per cent)
female respondents were very dissatisfied and 24 (15.9 per cent) completely dissatisfied in using open
access resources.

Research limitations/implications — The study covers only eight institutions in Delhi, India. High
courts and law universities in other parts of the country are not covered. In addition, OLIS contains a sample
collection.

Practical implications — The study explores the inhibitions faced by female and male legal
professionals. A suitable legal information system is developed to match the requirements of female
legal professionals, research scholars and faculty members. The study is expected to address
problems faced by female legal professionals in accessing the desired judicial and legislative
information.

Originality/value — OLIS (www.olisindia.in) has been developed on the basis of a need assessment
survey conducted on male and female legal professionals in India. No study has been conducted so
far to compare the viewpoints of male and female legal professionals in India for developing an
OLIS.

Keywords Information system, Judicial information, Law libraries, Legal information,

Open access resources, Women lawyers
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Mapping of global research literature in
the field of cloud computing

Raj Kumar Bhardwaj

Cloud computing services mark a new paradigm shift in attracting busi-
ness models for high level customer satisfaction. It empowers users to
virtually use the computing servers anytime, irrespective of location.
The present study analyzed the dataset obtained from Scopus (http://
WWww.scopus.com) on various aspects of cloud computing to map prog-
ress in the field. The study found that 4108 papers have been published
on cloud computing till December 31, 2013. These papers have been
cited 38339 times till December 31, 2014. The average number of pub-
lications per year has been ~684.7. Maximum literature has been pub-
lished in English, 3598 (87.6 percent) and Chinese, 416 (10.1 percent). Lit-
erature on the subject was published in 157 journals around the world.
Overall, 95 countries contributed to producing the literature on cloud
computing. China is the leading country in publishing cloud comput-
ing research with 1208 papers (29.4 percent). Using the Salton’s index
the collaboration was found strong between Spain and United King-
dom (~0.1139), United Kingdom and Germany (~0.0957). 21 highly cited
papers accounted for total 9595 (25.0 percent) citations. It is noted that
1422 (34.6 percent) papers have not been cited by any author. The study
revealed that 160 institutes around the globe contributed on the sub-
ject. Beijing University of Posts and Telecommunications is the lead-
ing institutes with 80 (1.9 percent) papers. Buyya, R. from University
of Melbourne is the leading author in the subject with 27 (0.7 percent)
papers and his papers received the highest citations 2734 (3.4 percent).
The journal entitled “Future Generation Computer Systems’ published
the highest number of papers, 75 (1.8 percent) and received the highest
citations, 2961 (7.7 percent).

Keywords: Cloud Computing, Virtual Computing, Bibliometric Study, Con-
tents Analysis, Journal Citations Report (JCR), SCImago Journal Rank (SJR),
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A comprehensive digital
environment for visually impaired
students: user’s perspectives

Raj Kumar Bhardwaj
Department of Library, St Stephen’s College, University of Delhi, Delhi, India, and
Sanjay Kumar
Department of Physics, St Stephen’s College, University of Delhi, Delhi, India

Abstract

— The purpose of this paper is to understand the perception of visually impaired undergraduate
students about the digital environment in their institutions and develop an online information system suiting
their requirements.

Design/methodology/approach — A survey was conducted on undergraduate students enrolled in ten
colleges of the University of Delhi. A total of 95 visually impaired students were interviewed individually.
Data collected from the respondents were analyzed and interpreted using simple percentage method and is
presented in the form of figures.

Findings — The study found that maximum (35.8 percent) respondents access online electronic resources
daily. Major constraints faced by them are as follows: inaccessibility of the college notice board, lack of
accessibility to existing facilities and resources, lack of assistive technology facilities and unavailability of
readers and writers. In total, 51.6 percent respondents indicated that it is cumbersome to access the college
website because they are not designed according to the accessibility standards developed for visually
impaired students. The respondents also revealed that they are not very familiar with useful devices like
Vachak (Hindi Reading Device), SARA CE, Lex (Scanner for Hindi Script). The major reason cited by them is
the lack of training and non-availability of trained staff.

Research limitations/implications — DigitVaran contains course contents of the University of Delhi.
Course contents of other Universities are not included. However, it is expected that contents related to the
syllabi of other universities would be added in future.

Practical implications — The study will help visually impaired students to get the desired course contents
conveniently. In addition, librarians of other universities can utilize the findings of the study to develop a
comprehensive digital environment for visually impaired students. The study can be helpful in the
assessment of digital infrastructure and services to visually impaired students by National Assessment and
Accreditation Council and other funding agencies.

Originality/value — The study developed an information system DigitVaran to assist visually impaired
undergraduate students in India. The system will help them to access the study materials and make aware of
various extracurricular activities of the institutions.

Keywords Blind, E-resources, Web accessibility, Visually impaired, Digital infrastructure, DigitVaran
Paper type Research paper

1. Introduction

Visually impaired students encounter several barriers in daily life and frequently require the
use of assistive tools and technologies in their studies (Creed, 2016). These students do not
have the same opportunities compared to normal students. An estimated 37 million people
in the world are blind, of whom over 15 million are from India (Times of India, 2007). It is
reported that at least 5 percent, and possibly up to 10 percent, of all Americans have some
type of print disability (Petri, 2012). Normal students access several social networking sites
to get the desired information, while visually impaired students in developing and under

Authors would like to thank for help and support in the study, Dr Anil Aneja, Dr Satish Kumar,
Dr NP. Ashley, Dr Sandeep Kumar Singh, and Junior Members of the St Stephen’s College,
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Research Activities of Library and Information Science Professionals in Indian Higher
Educational Institutions: Competencies, Support and Engagements

Raj Kumar Bhardwaj

St Stephen's College, University of Delhi, Delhi-110 007
E-mail: raajchd@gmail.com

ABSTRACT

The present study is an attempt to understand the research attitude, engagement and competencies of LIS
professionals in higher educational institutions in India. It was found that out of 170 respondents, 145 (85.3%)
respondents read research literature regularly and 75 (44.1) expressed that reading research based articles is their
regular activity. But 95 (55.9) do not read journal articles. 155 (91.2) respondents revealed that they have conducted
research after obtaining the formal degree. Majority of respondents 47 (27.6) revealed that their preferred mode
of dissemination of research has been publishing paper in conference proceedings, followed by publishing a paper
in refereed journals 35 (20.6). Maximum respondents 72 (40.0) followed a theoretical approach in conducting
research, followed by survey method 55 (30.6). 'E-resources' (160) and 'Bibliometric Study’ (120) has been the
most preferred areas of research publishing. ‘Lack of funding support’ (160), ‘time constraints’ (155) and ‘Problems
in data collection’ (150), have been identified as major constraints in carrying out research. The main purpose for
conducting research is to find the academic performance indicators (APIs) 150, followed by personal growth (102).
The study suggests that funding agencies and universities need to come forward to encourage LIS professionals to
pursue research and publishing. This will add value in delivering the best library services to academic community
and also improve research activities in academic institutions.

Keywords: Research competencies, research involvements, librarians, research activities, universities, India

1. INTRODUCTION

Professionals have been arguing for long whether
library professionals should pursue publication despite
heavy professional and administrative responsibilities.
Some people believe that librarians are ill-prepared for
conducting research and enormous work pressure does not
allow them to conduct research. Undoubtedly, conducting
research by library professionals is crucial and utmost
needed to enhance day to day problem solving and better
decision making in libraries. In addition, it makes librarians
critical consumers of research publications and equips
them to provide efficient information services to research
scholars and faculty members. Therefore, hindrances
faced by academic librarians need to be identified to
overcome their problems. It is essential for academic
librarians to read and apply the findings of the study in
daily library operations. It is also imperative to know
whether exiting research literature impacts their own area
of study. Academic librarians consider and ponder upon
their own work and the research questions that arise.
Librarians must strive to bridge the gap between research
and practice so that library resources can be utilised
optimally and users can get the best services. Library
and information science research is equally important for
the education system and the growth of LIS research.
Majority of research conducted in the field are published
in National journals. For global visibility, research in the
subject should be published in International journals as

well’. We need to enhance the engagement of practioner
librarians in contributing to research publication. It will
help us minimise the gap between research and practice.
Supporting the research of academic librarians is important
and strongly recommended by professionals. Studies reveal
that research helps librarians in career development. The
present study is an attempt to understand the attitude and
engagement towards research among library professionals
in academic libraries in India.

2. LITERATURE REVIEW

Several studies related to library and information
science research, research skills and attitude of librarians
were reviewed. Berg, Jacobs Cornwall' discussed about
viewpoint of library administrators in Canadian Association
of Research Libraries (CARL) regarding research in library
functioning particularly in academic librarianship. The
study found that university librarians' expectations from
research are inconsistent and only a few institutions provide
documentation outline in a formal way. Furthermore,
the study found lack of understanding among library
professional about the recent research practices occurring
across Canadian academic libraries. Bolin® found in her
study that some librarians consider demands of research
writing irrational and tedious. Furthermore, it states, ‘a
contingent of authors and librarians feel librarians are
ill-prepared to take on research due to lack of education
in research skills’. The major reason of lack of research

Received 19 September 2016, online published 28 December 2016
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Conversion of D-glucose to 4-C-hydroxymethyl-1,2-O-isopropylidene-a-D-ribofuranose, which is a key precursor for the synthesis

of different types of bicyclic/spiro nucleosides, led to the formation of an inseparable 1:1 mixture of the desired product and

4-C-hydroxymethyl-1,2-O-isopropylidene-o-D-xylofuranose. A convenient environment friendly Novozyme®-435 catalyzed selec-
tive acetylation methodology has been developed for the separation of an epimeric mixture of ribo- and xylotrihydroxyfuranosides
in quantitative yields. The structure of both the monoacetylated epimers, i.e., 5-O-acetyl-4-C-hydroxymethyl-1,2-O-isopropylidene-
a-D-ribo- and xylofuranose obtained by enzymatic acetylation, has been confirmed by an X-ray study on their corresponding
4-C-p-toluenesulfonyloxymethyl derivatives. Furthermore, the two separated epimers were used for the convergent synthesis of two
different types of bicyclic nucleosides, which confirms their synthetic utility.

Introduction

Sugar-modified bicyclic nucleosides have drawn the attention
of synthetic chemists because of their effect on the conforma-
tional restriction of the furanose moiety of the nucleoside [1-9].
The conformational restriction has led to the enhancement in
target selectivity and in vivo stability of the nucleoside-based
drug candidates. One of the important precursors for the
synthesis of different types of bicyclonucleosides is
4-C-hydroxymethyl-1,2-O-isopropylidene-a-D-ribofuranose.
The synthesis of the ribo-trihydroxy 7\& derivative starting

|

1~11318

ST T LT

from diacetone-D-glucose led to the formation of an insepa-
rable 1:1 mixture of the required compound and its C-3 epimer,
i.e., 4-C-hydroxymethyl-1,2-O-isopropylidene-a-D-xylofura-
nose [10].

Lipases have been used extensively for the selective manipula-
tion of hydroxy groups present in different sugars and sugar
moieties of synthetic or naturally occurring glycosides, nucleo-
sides, etc. Gotor et al. [11] have reported a lipase-mediated
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Biocatalytic route to C-4'-spiro-oxetano-xylofuranosyl pyrimidine nucleosides

Pallavi Rungta, Priyanka Mangla, Vinod Khatri, Jyotirmoy Maity and Ashok K. Prasad

Department of Chemistry, Bioorganic Laboratory, University of Delhi, Delhi, India

ABSTRACT

A facile access to C-4’-sp|ro-oxetano -xylofuranosyl nucleosides has been demonstrated for the
first time through Lipozyme® TL IM-mediated regioselective acetylation of one of the primary
hydroxyl group over the other primary and secondary hydroxyl groups in 3'-O-benzyl-4'-C-
hydroxymethyl-B-p-xylofuranosyl nucleosides. Attempts to optimize a convergent route for these
spironucleosides via selective manipulation of hydroxyl groups in 3-O-benzyl-4-C-hydroxymethyl-
1,2-O-isopropylidene-a-p-xylofuranose were unsuccessful. Nevertheless; the present linear bioca-
talytic route efficiently afforded the C-4'-spiro-oxetanoxylofuranosyl nucleosides T and U in 47

ARTICLE HISTORY
Received 10 August 2017
Revised 9 January 2018
Accepted 1 February 2018

KEYWORDS

Biocatalysis; regioselective
acetylation;
spiro-nucleosides

and 38% overall yields, respectively, starting from corresponding furanose diol.

1. Introduction

Chemical modifications of the sugar functionality in
nucleosides have continuously reflected its supremacy
for the treatment of cancer and viral infections over
the past 50 years (De Clercq 2011; Prakash 2011; Sofia
et al. 2012; Jordheim et al. 2013; Sharma et al. 2014a,
2014b). Among the studied sugar-modified nucleo-
sides, spironucleosides had only little impact and pro-
gress until the recent finding that these are selective
and potent inhibitors of Hepatitis C Virus (HCV) (Dang
et al. 2014a, 2014b; Du et al. 2014; Jonckers et al.
2010, 2014). The presence of spiro-carbon in nucleo-
sides imparts restriction to the conformational flipping
of furanose ring and thus can modulate or enhance
their selectivity and biological activity. This has
prompted the synthesis of all possible classes of spiro-
nucleosides, e.g. C-1"-spiro-(Maza et al. 2009; Pal and
Yashwant 2010 ), C-2'-spiro-(Du et al. 2014; Dang et al.
2014b; Jonckers et al. 2010, 2014), C-3'-spiro-(Camarasa
et al. 1992; De Castro et al. 2007; Das et al. 2011) and
C-4-spironucleosides (Paquette et al. 2003; Paquette
2004; Paquette et al. 2004; Dong and Paquette 2005;
Dong and Paquette 2006; Roy et al. 2006; Dang et al.
2014a; Sharma et al. 2014¢; Kumar et al. 2015; Kumar
et al. 2017); and many of them have shown excellent
antiviral activity (Figure 1). Prominent among them are
the C-4’-spironucleosides which display distinct sugar
conformation (Paquette 2004). In order to scrutinize
the presence of the spiro- and the oxetano-systems in

a nucleoside, attempts have been made to install oxe-
tano-spiro cyclization at C-4’-position in xylofuranosyl
nucleosides ((Sharma et al. 2014a), Figure 1) that have
earlier turned out to be futile (Roy et al. 2006). Our
group has earlier demonstrated the synthesis of vari-
ous C-4’-spiro-oxetano-ribonucleosides (Sharma et al.
2014c; Kumar et al. 2015, 2017). Kumar et al. optimized
Novozyme®-435 mediated regio-selective deacetylation
of C-5 acetoxy group in 5-O-acetyl-4-C-acetyloxy-
methyl-3-azido-1,2-O-isopropylidine-az-p-ribofuranose to
establish a methodology for successful synthesis of
C-4'-spiro-oxetano-f-o-ribonucleosides (Kumar et al.
2015). In another venture, Kumar et al. successfully
used Lipozyme® TL IM-catalyzed acylation on
C-4'-hydroxymethyl-$-p-xylofuranosyl nucleosides and
synthesized structurally novel C-4’-spiro-oxetano-o-L-
ribonucleosides (Kumar et al. 2017). In the present
communication, we have reported the first synthesis
of C-4’-spiro-oxetano-xylofuranosyl nucleosides that is
devised by the mediation of Lipozyme® TL IM, an
immobilised Thermomyces lanuginosa lipase.

2. Experimental section

Materials. Analytical TLCs were performed on pre-
coated Merck silica gel 60F;s4 plates; the spots were
detected either using UV light or by charring with 4%
alcoholic sulphuric acid. The optical rotations were
measured on Rudolph autopol Il automatic polarimeter
using light of 546 nm wavelegth. The melting points

CONTACT Ashok K. Prasad @ ashokenzyme@gmail.com e Bioorganic Laboratory, Department of Chemistry, University of Delhi, Delhi, India

Q Supplemental data for this article can be accessed here.
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A series of B-p-ribofuranosyl coumarinyl-1,2,3-triazoles have been synthesized by Cu-catalyzed cyclo-
addition reaction between azidosugar and 7-0-/7-alkynylated coumarins in 62—70% overall yields. The
in vitro antimycobacterial activity evaluation of the synthesized triazolo-conjugates against Mycobacte-
riwrn tuberculosis revealed that compounds were bactericidal in nature and some of them were found to
be more active than one of the first line antimycobacterial drug ethambutol against sensitive reference
strain H37Rv, and 7 to 420 times more active than all four first line antimycobacterial drugs (isoniazid,
rifampicin, ethambutol and streptomycin) against multidrug resistant clinical isolate 591. Study of in
silico pharmacokinetic profile indicated the drug like characters for the test molecules. Further, trans-
mission electron microscopic experiments revealed that these compounds interfere with the constitu-
tion of bacterial cell wall possibly by targeting mycobacterial InhA and DNA gyrase enzymes. Study
conducted on the activities of the test compounds on bacterial InhA and DNA gyrase revealed that the
most bactericidal test compound, N'-(B-p-ribofuranosyl)-C*-(4-methylcoumarin-7-oxymethyl)-1,2,3-
triazole (6b) and its corresponding directly linked conjugate N'-(B-p-ribofuranosyl)-C*-(4-
methylcoumarin-7-yl)-1,2,3-triazole (11b) significantly inhibited the activity of both the enzymes. The
results were further supported by molecular docking studies of the compound 6b and 11b with bacterial
InhA and DNA gyrase B enzymes. Further, the cytotoxicity study of some of the better active compounds
on THP-1 macrophage cell line using MTT assay showed that the synthesized compounds were non-
cytotoxic.

© 2018 Elsevier Masson SAS. All rights reserved.

1. Introduction

resistant TB (XDR) and latent TB is the requirement of the time
23]

There is a great need for the development of newer molecular
entities to act as antimycobacterial agents due to the limitations of
the existing drugs as well as the increasing resistance against
causative bacteria, Mycobacterium tuberculosis (M. tuberculosis)
[1-4]. In HIV-prevalent regions, infection by drug-resistant tuber-
culosis (TB) almost always has fatal consequences [5,6]. Drugs that
are effective in reducing the length of treatments providing effec-
tive cure against multi-drug resistant TB (MDR), extremely drug

* Corresponding author. Bioorganic Laboratory, Department of Chemistry, Uni-
versity of Dethi, Delhi-110 007, India.
E-mail address: ashokenzyme@gmail.com (AK. Prasad).
! First and second author contributed equally to this work and should be
regarded as joint First authors.

https://doi.org/10.1016/j.ejmech.2018.02.067
0223-5234j© 2018 Elsevier Masson SAS. All rights reserved.
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Carbohydrates are among the most ample raw materials pro-
vided by nature, which play a significant role at the interface of
chemistry and biology [7,8]. On the other hand coumarins and their
derivatives have shown their potential as antitubercular |1}, anti-
cancer [9-12], anti-HIV [13], anti-inflammatory [14,15], anti-
fungal [16], anti-oxidant [14,15], and anti-bacterial agents [17a].
Several coumarin derivatives, such as warfarin, carbochromen and
acenocoumarol have been approved by FDA for their clinical ther-
apeutic uses [17a-c]. Both, the sugar and the coumarin moieties are
excellent biomolecules and have wide variety of applications as
well as good biocompatibility [18,19]. There are few reports of
synthesis of conjugates of sugar-coumarin or sugar-quinoline
linked through a triazole ring that have shown interesting biolog-
ical activities (Fig. 1) [17d, 17e, 20—-25]. We report herein the
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Synthesis of novel 3’-azido-3'-deoxy-a-L-ribo configured
nucleosides: A comparative study between chemical
and chemo-enzymatic methodologies

Neha Rana, Manish Kumar, Ankita Singh, Jyotirmoy Maity, Poonam Shukla,
and Ashok K. Prasad

Bioorganic Laboratory, Department of Chemistry, University of Delhi, Delhi, India

ABSTRACT ARTICLE HISTORY
Syntheses of novel 3'-azido-3-deoxy-2-O,4'-C-methylene-a-L- Received 20 July 2017
ribofuranosyl nucleosides have been carried out from 3-azido-  Accepted 21 March 2018
3'-deoxy-4'-C-hydroxymethyl- 8-D-xylofuranosyl nucleosides fol-

: : : : KEYWORDS
lowing both chemical and chemo-enzymatic methodologies. 5 o

: : i diastereoselective;

The precursor nucleoside in turn was synthesized from a biocatalysis;

common glycosyl donor 4-C-acetoxymethyl-1,2,5-tri-O-acetyl-3-
azido-3-deoxy-a, f-D-xylofuranose, which was obtained by the
acetolysis of 4-C-acetoxymethyl-5-O-acetyl-3-azido-3-deoxy-1,2-

novozyme®-435; 3'-azido-3"-
deoxy-a-L-ribofuranosyl
nucleosides

O-isopropylidene-a-D-xylofuranose in 96% yield. It has been
observed that a chemo-enzymatic pathway for the synthesis of
targeted nucleosides is much more efficient than a chemical path-
way, leading to the improvement in yield for the synthesis of 3'-
azido-3'-deoxy-a-L-ribofuranosyl thymine and uracil from 49 to
89% and 55 to 93%, respectively.

GRAPHICAL ABSTRACT

HO HO

B = thymin-1-yl

OMs uracil-1-yl

Introduction

There has been a surge in the synthesis of conformationally constrained sugar
modified nucleosides and nucleotides for the development of target specific gene

CONTACT Ashok K. Prasad 9 ashokenzyme@gmail.com @ Bioorganic Laboratory, Department of Chemistry,
University of Delhi, Delhi-110 007, India.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/Incn.

© 2018 Taylor & Francis Group, LLC
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Synthesis of novel 3-[(1-glycosyl-1H-1,2,3-triazol-4-yl)-
methylamino]ket-2-en-1-ones
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R = Ph, Me(CHy)g, Me(CHy)s, Me(CH,)s, 54-71% HO =~
3-MeCgH4OCH,, 3-MeCgH, overall yield OH R
5 examples

Nine 3-[(1-B-D-ribofuranosyl- and 3-[(1-B-D-glucopyranosyl-1#-1,2,3-triazol-4-yl)methylamino]ket-2-en-1-ones have been synthesized
by copper-catalyzed azide-alkyne cycloaddition (CuAAC) reaction between propargylamine derivatives and 1-azido-2,3,5-tri-O-benzoyl-
B-D-ribofuranose or 2,3,4,6-tetra-O-acetyl-1-azido-p-D-glucopyranose, followed by deprotection of the resulting tri-O-benzoyl- or tetra-
O-acetyl-1-B-D-glycosyltriazoles in good yields. The precursor propargylamine derivatives were synthesized by Sonogashira reaction of
substituted acetylenes and benzoyl chloride followed by Michael-type addition of propargylamine to the resulting substituted alkynes in
good yields. The precursor azido sugars, 1-azido-2,3,5-tri-O-benzoyl-B-D-ribofuranose and 2,3.4,6-tetra-O-acetyl-1-azido-B-D-gluco-
pyranose, were synthesized by azidation of 1-O-acetyl-2,3,5-tri-O-benzoyl-B-D-ribofuranose and B-D-glucopyranose pentacetate,
respectively, with azidotrimethylsilane in the presence of tin(IV) chloride. All products were unambiguously characterized on the basis
of the spectral data analysis.

Keywords: N-glycoconjugates, CuAAC reaction, Sonogashira reaction.

Carbohydrates and glycoconjugates are involved in
numerous biologically and pathologically significant regu-
latory processes,' such as immune response, cell-cell
recognition, interaction of pathogen and host, cell
adhesion,” cancer and metastasis,’ inflammation,* etc. Due
to their prominent role in biology and medicine, efforts are
being directed toward the development of novel
carbohydrate-based scaffolds with desirable properties.
Further, due to the relevance of the click chemistry in the
recent past, 1,2,3-triazole cycle has emerged as a promising
heterocyclic aglycon moiety. There are ample examples in
the literature on glycosyl triazoles and broad spectrum of
their chemical and biological significance.”® They are
reported as inhibitors of galectin proteins,” glycogen
phosphorylase,® carbonic anhydrase,” sweet almond
B-glucosidase'® and as anticancer agents.'' Herein, we

report the synthesis of novel 3-[(1-glycosyl-1H-1,2,3-
triazol-4-yl)methylamino]ket-2-en-1-ones  via  copper-
catalyzed azide—alkyne cycloaddition (CuAAC) reaction of
1-azido-2,3,5-tri-O-benzoyl-B-D-ribofuranose or 1-azido-
2,3,4,6-tetra-O-acetyl-B-D-glucopyranose  to  1-phenyl-
3-propargylaminoprop-2-en-1-ones in good to excellent
yield.

The precursors for the synthesis of the targeted
3-[(1-glycosyl-1H-1,2,3-triazol-4-yl)methylamino]ket-2-en-
l-ones are 1-phenyl-3-propargylaminopropenones 4a—f,
1-azido-2,3,5-tri-O-benzoyl-pB-D-ribofuranose ~ (5) and
2,3,4,6-tetra-O-acetyl-1-azido-pB-D-glucopyranose (6). The
alkyne precursors, i.e., 1,3-diphenyl-3-(prop-2-yn-1-ylamino)-
prop-2-en-1-one (4a), 1-phenyl-3-(prop-2-yn-1-ylamino)-
tridec-2-en-1-one (4b), 1-phenyl-3-(prop-2-yn-1-ylamino)-
oct-2-en-1-one (4¢), 1-phenyl-3-(prop-2-yn-1-ylamino)hept-

© 2018 JlareuiicKuii HHCTHTYT OPraHAYECKOrO CHATE3a 362
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Microwave dielectrics: 'solid solution, ordering and microwave
dielectric properties of (1—x)Ba(Mg, ;Nb,/3)O;—xBa(Mg, 3sNbs/4) O3

ceramics

YOGITA BISHT!, RICHA TOMAR!, PULLANCHIYODAN ABHILASH?,

DEEPA RAJENDRAN LEKSHMI? and M THIRUMAL"*®

IDepartment of Chemistry, University of Delhi, Delhi 110007, India

ZMaterials Science and Technology Division, National Institute for Interdisciplinary Science and Technology
(NIIST-CSIR), Industrial Estate, Trivandrum 695019, India

* Author for correspondence (thiramalm @hotmail.com)

MS received 12 March 2016; accepted 25 January 2017; published online 5 September 2017

Abstract. Theeffect of Ba(Mg; /8Nb3 /4)O3 phase on structure and dielectric properties of Ba(Mg /3Nb2 /3)03 was studied
by synthesizing (1—x)Ba(Mg, /3Nb2/3)03—xBa(Mg, /8Nb3/4)03 (x = 0, 0.005, 0.01 and 0.02) ceramics. Superlattice
reflections due to 1:2 ordering appear as low as 1000°C. Ba(Mg, /3Nb2 /3)03 forms solid solution with Ba(Mg; /8Nb3 /4)03
for all “x’ values studied until 1350°C. Ordering was confirmed by powder X-ray diffraction pattern, Raman study and
HRTEM. Ceramic pucks can be sintered to density >92% of theoretical density. Temperature and frequency-stable dielectric
constant and nearly zero dielectric loss (tan §) were observed at low frequencies (20 MHz). The sintered samples exhibit
dielectric constant (g;) between 30 and 32, high quality factor between 37000 and 74000 GHz and temperature coefficient
of resonant frequency (zr) between 21 and 24 ppm °C~!.

Keywords. Resonators; complex perovskites; X-ray diffraction; dielectric properties; high Q.

1. Introduction

Ba(B'3B,/3)03 (B' = Zn, Mg, Ni, Co and B’ = Ta, Nb)-
based perovskite oxides are used in microwave dielectrics,
which have application in wireless communications. Their
high permittivity (g;), high quality factor (Q.f.) and near-
zero temperature coefficient of resonant frequency (z¢) make
them excellent candidates for filters and resonators at base
station. Here, Ta>* and Nb>* are used as transition metal
ions with low-lying d® orbital mix with the orbital of lig-
ands and create multiple coordination with oxygen [1]. This
improves polarizability of these elements and they also
provide opportunities of compositional tuning by the sub-
stitutional flexibility of B-site cations. Normally, among all
the known Ba(B'/3B;,;)0; (B' = Zn, Mg, Ni, Co and
B’ = Ta, Nb) perovskites, tantalates show much better Q.f.
as compared with niobates. However, Ta>* is comparatively
expensive; hence, to reduce the cost of dielectric resonators
and to understand the chemistry, niobates are explored
as the logical substitute for tantalates. Ba(Mg, /3Nb2/3)03
(BMN) is one such ceramic that draws attention due to
its good dielectric properties &, = 32, Q = 5600 (10.5
GHz) and i = 33ppm °C™' [2]. The A(B,/3B}/;)0s-
type ceramics have been reported to have three kinds of
ordered structures depending upon the arrangement of B-site

fffz:;E:
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cations:

(i) disordered cubic structure with space group Pm3m
(OY)), lattice parameter a ~ 4 A;
(i1) 1:1 ordered cubic structure with space group Fm3m
(O%); here, the unit cell lattice parameter is twice that
of the disordered cubic structure, i.e.,a ~ 8 A;
(iii) 1:2 ordered hexagonal structure with space group
P-3m1 (D?3d), lattice parametersa ~5.7 Aande~7A.

Among these, 1:2 ordered hexagonal structure is desirable
as it is reported to have better Q.f. as compared with others.
This kind of 1:2 ordering was first reported by Galasso and
Pyle [3] in Ba(Sry,3Tay/3)O03. They described its structure as
a repetition of three close-packed BaOs layers with Sr°* and
Ta>" in an ordered arrangement with a {Sr**..Ta>". Ta>*}
repeated sequence in octahedral hole. This kind of 1:2 order-
ing of B-site cations expands the original perovskite unit cell
along (111) direction and contracts it along the direction nor-
mal to (111), which produces superstructure reflections and
deviation of ¢/a ratio from /3 /2 (1.2247), the ideal value for
hexagonal structure.

It is not easy to observe superlattice reflections related
to 1:2 ordering in Nb system as the scattering power of
Nb is lower than that of Ta due to lower atomic num-
ber of Nb> than that of Ta>* [4,5]. Galasso and Pyle [6]

1165
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Defect Induced Ferromagnetism in Zn/ZnO Interfaces

Mansi Dhingra, Rekha Gupta, and S. Annapoorni*

Zn/ZnO interfaces are prepared by thermal evaporation technique. X-ray
diffraction (XRD) and photoluminescence (PL) show the coexistence of both
the Zn and ZnO phases which on heat treatment get converted to ZnO.
Surface morphologies of the samples are studied using scanning electron
microscopy (SEM). It clearly shows formation of granular morphology in
pristine sample which gets converted to needle like structures on heating at
500 °C. Magnetic measurements largely hints at the presence of excess Zn in
Zn/ZnO interfaces resulting in a ferromagnetic behavior which gradually gets
converted to a paramagnetic state on annealing revealing a complete
transformation to ZnO. Zinc interstitials lying just below the conduction band

Such dilute magnetic semiconductor
(DMS) has been used for many appli-
cations in spintronic based devices and
magnetic tunnel junctions.!"”! In present
study, Zn/ZnO heterostructure is found
to show ferromagnetism at room tem-
perature. We employ a novel method
for the fabrication of these heterostruc-
tures. These structures help us to under-
stand the transport of charges at the in-
terface of Zn and ZnO. The presence of
impurity states at the interfacial region

forms an impurity state indicates a correlation with magnetic behavior.

1. Introduction

Study of room temperature ferromagnetism in ZnO and tran-
sition metal doped ZnO has remained a topic of extensive re-
search as its origin is not yet fully deciphered.’? There are sev-
eral reports in which ZnO is seen to exhibit ferromagnetism at
room temperature when doped with Mn, Co, Cu, Er***l Doping
of Mn in ZnO has been particularly explained theoretically by
Dietl et al. but nature of the magnetism in such systems is not
fully understood yet.”! Formation of secondary phases leading to
magnetic ordering is one of the chief reasons reported. Differ-
ent models based on exchange interaction have been formulated.
Room-temperature ferromagnetism has even been observed in
undoped wide bandgap semiconductors or oxides such as HfO,,
TiO;, In,03, and ZnO in reduced dimensional forms such as
nanoparticles, nanowires, and thin films.*% It has also been
reported that defect chemistry in such type of systems plays an
important role in triggering room temperature ferromagnetism.
However, it is important to understand how these defects facili-
tate magnetic coupling. Particularly in ZnO, defects like oxygen
vacancies (Vp), zinc vacancies (Vz,) and zinc interstitials (Zn;)
are responsible for magnetic behaviour. Wang et al shows that
the ferromagnetism in undoped ZnO arises due to the Zn vacan-
cies (Vz,) instead of Vq.[1112

Moreover, the defect-related ferromagnetic regions were sug-
gested to be in the bulk, at the surface or interface, or within grain
boundaries.’*¥l. Origin of ferromagnetism in interfacial struc-
tures has also been studied by different research groups.

Dr. M. Dhingra, Dr. R. Gupta, Prof. S. Annapoorni
Department of Physics and Astrophysics
University of Delhi

Delhi 110007

E-mail: annapoornis@yahoo.co.in

DOI: 10.1002/crat.201700293
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brings about the possible magnetisation.

2. Experimental Section

Zn (99.99% pure) obtained from Sigma Aldrich was thermally
evaporated using Thermal evaporation unit (Hind Hivac) at a
pressure of 0.01 mbar. Silicon substrates oriented along (100)
plane of size 1 cm x 1 cm were placed at a distance of 20 cm from
the Zn source. A secondary current of 1A was passed through a
molybdenum boat to make all the Zn files evaporate. Thickness
of film, as measured using Quartz crystal monitor, was found to
be approximately =1 pum. The as obtained samples were then
annealed at different temperatures viz 100, 300, 500 °C. These
films were then subjected to structural, optical and magnetic
measurements.

The phase identification was performed in X-ray diffrac-
tion technique (XRD) (40 V, 100 mA, D8 Discover-Advanced
model of Bruker co. Ltd.) using monochromatic CuKe1 line
(A = 1.54056 A) and was compared with the available JCPDS
data files. The SEM images were taken to study the formation
of different morphology (shape and size) of the nanocrystalline
material by using scanning electron microscope (SEM ZEISS co.
Ltd.) at 20 kV. The magnetic measurements were obtained using
Vibrating Sample Magnetometer (VSM). The room temperature
photoluminescence (PL) spectra of the sample were measured
with a spectrofluorometer (Fluorolog Horiba JOBIN YVON) us-
ing Aex = 350 nm to study different kinds of defects in the
material.

3. Structural Analysis
3.1. XRD Studies

Structural analysis was done using XRD at glancing angle mode
from 30-60°. Figure 1 shows XRD pattern of Zn/ZnO films
at various temperatures. Figure 1a shows dominant peaks cor-
responding to Zinc metal. It was seen that as the annealing

¢ 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Modelling of Pinning-Depinning Reversal Mechanism in
L L .
lon-Irradiated Co/Al,O3 Thin Films
Rajan Goyal, Rekha Gupta, Ambika Negi, Kandasami Asokan, Dinakar Kanijilal,
Subhalakshmi Lamba, and Subramanian Annapoorni*
which may be due to the pinning effect of
Present study reports the pinning-depinning mechanism in Co embedded cobalt spins at the Au/Co interface."” The
Al,O; matrix subjected to Ar' ion irradiations. Angular variation studies of dispersion of hcp Co NPs in an amor-
the scaled coercivity are carried out and a comparison to existing theoretical phous polymer matrix leads to lesser
o . s pinning sites resulting in a remarkable
models indicates that the dominant reversal mechanism is due to pinning. fedvich B in. GosRivity B CaBeR 6 Bt
The origin of pinning is attributed to the displacement of Co atoms from of the polycrystalline pure Co films.""!
their lattice sites, as a result of ion bombardment. The Monte Carlo Similar behavior was also reported in CoPt
simulations suggest that the observed magnetic behavior is well explained by alloy consisting of disordered Al and
pinning induced strain anisotropy in the system. ordered L1, phases. The enhancement
in coercivity with the increase in volume
percentage of L1, phase was attributed to
the presence of local defects such as anti-
phase and grain boundaries acting as
1. Introduction pinning centers."” Akdogan et al also showed that the
enhanced coercivity in SmCos is probably due to domain wall
The magnetization reversal mechanism plays a crucial rule in pinning at grain boundaries and stacking fault."” Further-
the gseﬁ'ulness of the magnetic mate.rials in various technological e the domain wall pinning in ferromagnetic nanowires can
aPpllcat}ong na%mely memory dgwces.. Out of several meché-i- be a potential technique for the fabrication of solid state
nism, pinning is seen to be dommt in defect based magnetic memory devices. Polenciuc et al. have proposed the fabrication
mater.lals. Of the several magnetic NPs, hep-Co has attracted  of exchange biased crossed ferromagnetic and antiferromag-
att_e§1t?gn due to its large uniaxial anisotropy (Ku~0.53MJ]  petic nanowires to achieve the reproducible domain wall
m™>)." The surface oxidation of Co NPs acting as a pinning layer pinning of variable strength by changing the diameter of the
and it result in modification of magnetization reversal antiferromagnetic nanowires.""*
mechanism. The mechanism, however, tends to vary with the In our earlier work, we have demonstrated the effect of
processing conditions viz. thermal annealing, localized heating  {,armal heat treatment on magnetic anisotropy and depinning
by radiation, thickness and composition of nanoparticles as well  feld of Co NPs embedded in alumina matrix (AL,05).5) The
. . . . 2,3 . :
as on the dielectric matrix s_urrou.ndmg'the NP?'[ 'Embedding  Monte Carlo simulation of hysteresis curves revealed that the
n-letal nanoparticles (NPs) in a dielectric matrix sud'l A% A]2[4O_2] conventional heat treatment results in uniform distribution of
Si0,, etc. is an effective way to prevent the 9x1dat10n, ~ defects throughout the sample leading to a constant pinning
Embedded NPs [510‘“%‘1 attfaFUV?s_;ppl1caUOns In magnetic  fie]d. However, no systematic study has been reported yet to
memory devices, blomefhcme, etc. dge to thel}' S1Z€  analyze the effect of ion implantation/irradiation on magnetiza-
dependent structural, optical, and magnetic properties a5  {ion’ reversal mechanism in Cobalt NPs embedded in the
compared to bulk. Wen et al. reported that the Au-core-Co-shell  gielectric matrix. In the present communication, the Co NPs
exhibits enhanced coercivity as compare to pure Co sample, embedded in alumina matrix which remains non-reactive at
high annealing temperatures are subjected to ion irradiation
Dr. R. Goyal, Dr. R. Gupta, Dr. A. Negi, Prof. S. Annapoorni using 300 keV Ar" ion beam. The structural as well as magnetic
Department of Physics and Astrophysics analysis, supported by theoretical simulations, are carried out to
gn:;gr:;tgogg D'elg-i examine the magnetization reversal mechanism in Co/Al, O3
eini , India 3 2 3 2 LI
s gl e (tiliuﬁr; :ielxrll;lsﬂv::s?ezub]ected to low energy ion (LEI) irradiation at
Dr. K. Asokan, Dr. D. Kanjilal T
Inter University Accelerator Center
Al Asaf Ali Marg, Delhi-110067, Indi . .
D"’"a e e has 2. Experimental Section
r. S. Lamba
School of Sciences The films of Co embedded in Al,0; matrix were deposited on Si
Indi 5 A oy ; 203 ere deposited on S1
Sg\:aogﬁ,ﬁﬁ'ogg;ﬂ?ﬂfpe" Unhrersity <111> single crystal substrate by RF magnetron sputtering.
Alumina (Al,O;) target 0f 99.9% purity with Co chips pasted on it
DOI: 10.1002/pssa.201800141 in a symmetric fashion was used for depositing the films. The
Phys. Status Solidi A 2018, L‘g’ (1 of 8) © 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Efficient Reversible Optical Sensing of Water Achieved
through the Conversion of H-Aggregates of a Merocyanine

Salt to J-Aggregates

Priya Ranjan Sahoo, Kunal Prakash, Ajeet Kumar, and Satish Kumar*"

Dedicated to a colleague Late Mr. K. M. Mathew

A stable MC (merocyanine)-spiropyran as p-toluenesulfonate
salt was synthesized. The structure of the merocyanine salt
form of the spiropyran was established by using IR, 'H-NMR,
BC-NMR, 2D-NMR and HR-MS spectroscopic techniques. The
MC salt was employed as an optical probe for the detection of
trace water content in the organic media using the naked eye,
UV-Visible and fluorescence spectroscopic techniques. The DLS
and TEM measurements were used to support the aggregation
and disaggregation of the MC salt form. The results established

Introduction

The stimuli-responsive assembly and disassembly process is
being extensively investigated to understand and mimic bio-
logical functions." Stimuli-responsive assemblies, in general,
can be constructed using small monomer units through
intriguing non-covalent interactions to achieve pH, temper-
ature, light or solvent composition responsive systems.” The
stimuli-responsive assembled structures are also appreciated
for potential applications in areas such as drug delivery and
sensing.?’ Among a variety of stimuli-responsive molecules,
merocyanine dyes are known to form H- or J-aggregates
through either face to face stacking or end to end stacking
interactions.”! Both H- and J-aggregates can be distinguished
using absorption or emission spectroscopy. The formation of
aggregates, shift the absorption band towards higher energy
(H-aggregate) or lower energy (J-aggregate).”’ In response to
aggregation, the fluorescence spectra in general displays an
intensity enhancement (J- aggregate) or quenching (H-aggre-
gate).”) Aggregation of merocyanine dyes can be induced
through external stimuli or change in temperature or light
exposure or addition of an ion or molecule.”’ If the change in
aggregation state is brought through the addition of an

[a]l P R.Sahoo, K. Prakash, A. Kumar, Dr. S. Kumar
Department of Chemistry
St. Stephen’s College
University Enclave
Delhi-110007
E-mail: satish@ststephens.edu
Supporting information for this article is available on the WWW under
https://doi.org/10.1002/slct.201700940
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the conversion of H- aggregates to J- aggregates can be used
for the efficient detection of trace water content in organic
media. The optical probe was further used to sense and
quantify water molecules associated with the metal salts. The
probe can be used multiple times for sensing water. The results
provide insightful opportunities for practical applications of
sensing trace water content in organic solvents and coordi-
nated to metal ions.

analyte, the change in spectral properties can be used for
quantification and detection of an analyte. In this context,
mapping out molecular receptors that can detect and quantify
water is enormously important due to the harmful impact of
water in a variety of processes in the laboratory and industry.”
The presence of water in the organic solvents affect the
electronic micro/nano devices and chemical productions in the
industrial sector.” The industrial processes in pharmaceutical,
petrochemical, paper and food processing industry are also
severely affected by the presence of water as an impurity.®’ The
presence of water in some chemical reactions often results in
the low yield of the product or the reaction ceases.” The
problem is critical, when dealing with organometallic reagents
due to their extremely fast reaction with water, causing fires
and explosions.”) The presence of water in the petroleum
products causes severe damage to the engines and leads to
failure, particularly at low temperature due to clogging of fuel
ducts.®

The commonly used methods for sensing water include Karl
Fischer titration, chromatography, electrochemical and electro-
physical methods."” However, such systems suffer from
challenges like portability, precision, electromagnetic interfer-
ences and safety due to the use of electromagnetic radia-
tion.®'% " Therefore, there is a need to develop, faster, and
easy to use portable water sensing systems with optical signals.
The sensors with the optical response and high sensitivity are
well suited for this purpose in comparison to electrochemical
or electrophysical methods using electrodes™” or other
means,"” as they are simple and convenient to use under
laboratory and industrial conditions.*™ Although, colorimetric

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Alginate based nanoparticles as a carrier matrix
for the delivery of calixarene derivative
as Pharmaceutical compound (Funded Work)
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KUMAR AND RACHANA SAHNEY
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Abstract:

Modern medicines are in urgent need of hyphenating new therapeutics, which can
act as antimicrobial agent. Calixarenes are versatile macromolecules which can
serve as a platform for the design and development of biologically active
therapeutics. But the presence of aromatic ring structure in the calixarenes
skeleton renders it hydrophobic which requires a hydrophilic carrier to reach the
target cell efficiently for drug action. The present work is a comparative study of
antimicrobial activity of sodium salt of p-sulfonato-calix-4-arene (calixarene
derivative) in aqueous solution (phosphate buffer saline) and encapsulated in
hydrophilic nanocarrier - alginate nanogel cross-linked with Ca*2/Ba*2. The
alginate nanogels were characterized with respect to their size, encapsulation
efficiency and their drug release profiles. Antimicrobial activity of p-sulfonato-
calix-4-arene and alginate nanogels loaded with the p-sulfonato-calix-4-arene was
determined by disc diffusion method and colony forming unit (CFU) method
against drug resistant strain of Escherichia coli (MTCC 443). The experimental
results suggest that the encapsulated calixarene derivative in hydrophilic calcium
alginate nanogels is potentially best candidate against E.coli strain at much lower
concentration than the free calixarene derivative soluble in phosphate buffer saline
(PBS).

Keywords: Alginate nanogels; Drug Delivery; Hydrophilic carrier; Calixarene derivatives
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A fast, highly selective and sensitive anion probe stemmed from
anthracene-oxazine conjugation with CN™~ induced FRET
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An anthracene-oxazine conjugate was synthesized by hybridizing the fluorescent anthracene unit with
the photochromic nitrosubstituted oxazine. The structure of the conjugate was established by using IR,
NMR, HR-MS and single crystal X-ray crystallography. The anthracene-oxazine conjugate was evaluated
for affinity towards different anions in aqueous medium and selectivity towards cyanide ion was
observed through development of color visible to the naked eye as well as through changes in fluo-

rescence signal. An excellent value of 58 nm limit of detection value was obtained, which indicated an
excellent sensitivity of the probe towards cyanide ion. The probe displayed fluorescence quenching via
intramolecular energy transfer from the hybridized anthracene unit to the parent oxazine photochrome
upon addition of the cyanide ions in aqueous medium. DFT calculations were performed to support the

experimental data.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Adaptive photo responsive molecules that emulate environ-
mental and biological systems have taken a huge leap forward [ 1,2].
The potential applications of the photoresponsive systems in the
field of toxic ion recognition are emerging in the area of supra-
molecular systems [3]. For instance, photochromic hybrid probes
are promising candidates due to reversible performance displayed
via external stimulation [4]. Mimicking the function of hybrid probe
towards obvious color change is of particular interest. Besides that,
photochromic oxazines are studied enormously due to their fast
switching tendency and find applications in photoelectric conver-
sion and light controlled ion detection [4,5]. Earlier, these have
been investigated for sensing cyanide ion by Raymo and co-workers
[6]. The existence of photocleavable Cspiro-O linkage produces two
interconvertible isomeric forms of photochromic molecules with
the help of light (UV and visible). Out of closed (OX) and open forms
(IN), stability of the open form depends on the substituents present
on the system. The structure of IN form normally produces a partial
positive charge on the nitrogen atom, which ultimately reduces the
electron density at the Cspiro carbon atom by intramolecular delo-
calization of electron density through a two way double bonded

* Corresponding author.
E-mail address: satish@ststephens.edu (S. Kumar).
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track. The open form with a slight positive charge can attract
anionic species such as CN™ into its cavity. Studies have indicated
that the cyanide ion is an extremely toxic substance polluting our
environment [7]. This well-known byproduct of the chemical in-
dustry, leaves behind a greater risk to the surrounding habitats [8].
The United States Environmental Protection Agency (USEPA) [9,10]
has set a maximum tolerable limit of CN™ at 7.8 uM, while the WHO
[11] has set a limit of 1.9 pM [12]. Cyanide pollution caused by
rampant industrialization has had a direct impact on environment
and is among the well-recognized factors of its misery [13]. The ill
effects of cyanide pollution have disastrous consequences which
ultimately choke the human masses [ 11]. Lots of efforts have been
utilized in the recent past to tailor specific host molecules for cy-
anide trapping. Meanwhile, more effective measures such as design
of potential probes are necessary to make low-cyanide transitions
in development right away. Among the available chemosensors,
naked eye colorimetric sensors for toxic anions have received
special attention [14,15]. However, the sensor performance is
known to be affected by the interference from other anions such as
acetate or fluoride [16,17]. Therefore, photochromic molecules
which are known to bind cyanide ion through covalent linkages and
produce distinct visible color change are viable alternative for cy-
anide recognition [18]. The colored form of the photochromic
molecule is known to possess a partial positive charge, which can
attract polar and negatively charged anions. The color change
induced by anions in dark can be used to confirm the presence of

Page 3 of 6
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Visible Light Controlled Aggregation of a
Spiropyran-HSO,  Complex as a Strategy for Reversible

Detection in Water

Ajeet Kumar, Kunal Prakash, Priya Ranjan Sahoo, and Satish Kumar*®

Dedicated to Mr. K. M. Mathew (Former bursar, St. Stephen’s College)

A merocyanine salt form of a substituted spiropyran was
synthesized and evaluated for stimuli-responsive properties.
The HSO, ™ induced H-aggregation of the merocyanine salt was
used as a strategy for detection in pure water. The anion
induced aggregation was controlled by light, which converted
the open merocyanine form into the closed spiropyran form.

Introduction

The reversible control of supramolecular assembling and the
disassembling process can play a vital role in simulating the
biological functions such as conversion of microtubules and
tubulin dimer." Different types of stimuli such as light,” pH,"’
temperature,” solvent composition® and specific guest can be
used to control the assembling and disassembling process. This
approach was investigated intensively to design and develop
interesting, well-defined molecular assemblies with diverse
properties for applications in various areas of chemistry and
biology.® The non-covalent interactions between host and
guest are the main driving force for the reversible formation of
supramolecular host assemblies.” Such interaction can be fine-
tuned with appropriate guest species or substituent to get an
appropriate optical signal. The J- and H- aggregates of organic
dyes are also well-known examples of supramolecular assem-
blies with the optical response, which were utilized to develop
chemosensors with an optical response.” The H-aggregates are
known to produce hypsochromically shifted absorption band,
while J-aggregates produce bathochromically shifted absorp-
tion band. The formation of J-aggregates displays an increase
in fluorescence intensity, while H-aggregates generally display a
fluorescence quenching response.”® However, examples are
available in the literature, where H-aggregates display an
increase in fluorescence intensity.”? A variety of sensors based
on J-aggregates are used to develop colorimetric and fluoro-

[al A. Kumar, K. Prakash, P. R. Sahoo, Dr. S. Kumar
Department of Chemistry
University Enclave, St. Stephen’s College
Delhi-110007, India
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The formation of the closed form released the hydrogen sulfate
ion. The DLS and TEM analyses were used to investigate the
aggregation and disaggregation of the merocyanine salt form
of a spiropyran. Therefore, the study establishes the first
example of reversible, highly selective and nanomolar level
response towards HSO,™ ion in water.

metric sensors, but rarely H-aggregates are used for similar
applications.”®'” However, interconversion between H- and J-
aggregates was rarely utilized to develop a sensor for an
analyte™ The sensing device with good optical response
(colorimetric and fluorometric) for the detection and monitor-
ing of toxic anions is appealing due to the convenient
processing such as simple naked eye detection technique in
comparison to other expensive techniques."” The sensing
devices for a superior response can be fine-tuned with suitable
functionalities with an aim towards improved optical re-
sponse.™ The HSO,™ ion plays a significant role in biological
and environmental processes."” Generation of toxic sulfate
ions, on dissociation at high pH value, pose serious implications
on human health and the toxicity causes serious issues and
creates dysfunctions like respiratory paralysis, skin irritation
etc."” The enhanced role of HSO, in radioactive waste
management,'® medical diagnosis provides a driving force for
the development of a selective sensor for remedial measures.!”
Increased level of HSO,™ seems toxic to the natural habitat due
to potential side effect leading to acid rain."® Therefore, there
is a need to develop sensing system to counterbalance the
harmful effects of HSO, . The detection of HSO, is more
challenging and less explored owing to its amphiphilic
character as well as the complex mode of action.”” The
reported receptors for HSO,™ are either active in a fully organic
solvent’ or in a semi-aqueous solvent."*'” The challenge
multiplies while dealing with real-time monitoring of analytes
in pure water or without any organic co-solvent. The literature
survey revealed only a few selective HSO,  sensor in pure
water"” The other examples include indolinium dyes,” azo
dyes,”” quinoline based receptors,”?" metal-organic complex,??

BODIPY based receptor® and adamantane-dipyrromethane
124]

conjugate.”” In this context, spiropyran is also used to
© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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agricultural-industrial wastes as biosorbents
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1. Introduction

The contamination of the natural environment by heavy metal is an emerging problem in the world. Remediation
of these contaminants from our environment is posing a technological challenge for us. According to the European
Union’s Restriction of Hazardous Substances (RoHS) Directive, application of lead, cadmium, and mercury in the
manufacturing of electrical and electronic equipment are banned as they impart a hazardous effect on our health
(European Parliament, 2002). These metal pollutants accumulate in the environment due to their non-biodegradable
nature resulting in the contamination of food and water (Vries et al., 2007). Therefore, only permissible limits of these
metal toxicants defined by World Health Organization (WHO, 2008) are strictly allowed in the drinking water. Some
heavy metals like nickel and lead are purely toxic and are frequently found in industrial wastewater. The permissible
values for Niin serum is 0.2 pg/L and in urine is 1-3 p.g/L for a healthy adult, as defined by Agency for Toxic Substances
and Disease Registry (ATSDR) of United States (ASTDR, 2005). The most adverse health effect associated with Ni
exposure is dermatitis which occurs through dermal contact with Ni. Conventional methods employed for heavy metal
remediation are solvent extraction, precipitation, coagulation, reverse osmosis, adsorption, chemical oxidation and
reduction, electro-dialysis and ion-exchange (Meunier et al., 2006; Djedidi et al., 2009; Kurniawan et al., 2006; Lee
et al., 2006) But at metal ion concentration of 100 ppm or less, these are costly and ineffective too (Inbaraj et al.,
2009). Bioremediation is a newer approach for the eradication of these heavy metals (Gaur et al., 2014) in which the
removal of metal toxicants employ application enzymes, microorganisms, and plants which are eco-friendly in nature.
It is one of the most favourable methods as it offers better results by utilizing low-cost materials in comparison to the
conventional expensive means. A large number of literature studies indicate that the bioremediation of heavy metal

* Corresponding author.
E-mail addresses: asaxena4@amity.edu (A. Saxena), manishbhardwajl274@gmail.com (M. Bhardwaj), tallen@amity.edu (T. Allen),
Satish64 @ gmail.com (S. Kumar), rsahney @amity.edu (R. Sahney).
Peer review under responsibility of National Water Research Center.
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Artidf’ history: This review focuses on the recent growth in the photo triggered molecular receptors for heavy metal ions.
Received 13 July 2017 The photochromic unit in such molecular receptors performs as a trigger unit to allow control over a

Accepted 7 November 2017

. i range of the properties through an external stimulus. This review opens up with the new opportunities
Available online 5 December 2017

for the development of host molecular motifs for heavy metal ion sensing applications. The photochromic
switches based on a chemical structure like spiropyran, chromenes and spirooxazines tagged with appro-
priate chromogenic or fluorogenic unit reported till date have been summarized and categorized by the
selectivity of metal ion to achieve the suitable optical response. The review has relevance for designing
new photoreversible switches with the interesting optical response for environmentally important heavy
metal ions.

Keywords:
Photoreversible
Photochromic switches
Heavy metal ions

Sensors
Optical sensors © 2017 Elsevier B.V. All rights reserved.
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