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Time  Speaker Institution 

9:30-10:00 Inaugural Session (Prof. T. Chakraborty) 
 Session Chair:  Samaresh Bhattacharya/Abhishek Dey 

10:00-10:30 Keynote Lecture R Murugavel IIT, Bombay 
10:30-10:50 Invited Lecture Raja Angamuthu IIT, Kanpur 
10:50-11:10 Invited Lecture Subrata Kundu IISER, Trivandrum 
11:10-11:20 TEA BREAK 

Session Chair:  Amitabha Das 
11:20-11:50 Keynote Lecture Samrat Mukhopadhyay IISER, Mohali 
11:50-12:10 Invited Lecture Pankaj Kumar Koli IISER, Tirupati 
12:10-12:30 Invited Lecture Angshuman Nag IISER, Pune 
12:30-1:00 Keynote Lecture Parthasarathi Mukherjee IISc, Bangalore 
1:00-2:30 LUNCH BREAK 

 Session Chair: Pradyut Ghosh 
2:30-3:00 Keynote Lecture Suvarn Kulkarni IIT, Bombay 
3:00-3:20 Invited Lecture Subhash Ghosh IICT, Hyderabad 
3:20-3:40 Invited Lecture Dattatreyo Dethe IIT, Kanpur 
3:40-4:00 Invited Lecture Alakesh Bisai IISER, Kolkata 
4:00-6:00 POSTER SESSION, TEA 
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Time  Speaker Institution 

 Session Chair:  Tapas Chakraborty 
10:00-10:30 Keynote Lecture Pablo Rivera-

Fuentes 
University of Zurich 

10:30-10:50 Invited Lecture Amrita Hazra IISER, Pune 
10:50-11:10 Invited Lecture Soumyajit Roy IISER, Kolkata 
11:10-11:20 TEA BREAK 

 Session Chair: Sudip Malik 
11:20-11:50 Keynote Lecture Rajadurai Chandrasekar University of Hyderabad 
11:50-12:10 Invited Lecture Sukhendu Mandal IISER, Trivandrum 
12:10-12:30 Invited Lecture Chilla Malla Reddy IISER, Kolkata 
12:30-1:00 Keynote Lecture Jiten Bera IIT Kanpur 
1:00-2:30 LUNCH BREAK 

 Session Chair:  Prashanta K Das 
2:30-3:00 Keynote Lecture Sandeep Verma IIT Kanpur 
3:00-3:20 Invited Lecture Harinath Chakrapani IISER, Pune 
3:20-3:40 Invited Lecture Bharathwaj Sathyamoorthi IISER, Bhopal 
3:40-4:00 Invited Lecture Saumen Chakraborty University of Mississippi 
4:00-6:00 POSTER SESSION, TEA 
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Time  Speaker Institution  

Session Chair:  Satrajit Adhikari 
10:00-10:30 Keynote Lecture Elangannan Arunan IISc, Bangalore 
10:30-10:50 Invited Lecture Saptarshi Mukherjee IISER, Bhopal 
10:50-11:10 Invited Lecture Srabani Taraphder IIT, Kharagpur 

11:10-11:30 Invited Lecture Rajarshi Chakrabarti IIT, Mumbai 

11:30-11:50 TEA BREAK 
 Session Chair: Tarun Mandal 

11:50-12:10 Invited Lecture M Jayakanan IISER, Pune 
12:10-12:30 Invited Lecture Samir Chikkali NCL, Pune 
12:30-12:50 Invited Lecture Ranjit Thapa SRM University 
12:50-1:10 Invited Lecture Sibdas Bannerjee IISER, Tirupati 
1:30-2:30 LUNCH BREAK 
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Phosphoric Acid Ester Building Blocks for New Materials  

Ramaswamy Murugavel 

Chemistry Department, Indian Institute of Technology Bombay, Powai, Mumbai 400076 

Email: rmv@chem.iitb.ac.in 

Reaction of phosphoric acid mono aryl esters with a divalent metal such as Zn2+ in a donor solvent (L) leads to the 
isolation of tetranuclear metal phosphates [(RO)PO3Zn(L)]4 whose inorganic core resembles the zeolitic D4R SBU.1,2 
In recent times, we have also unravelled that it is possible to isolate even larger SBUs through small variations in the 
reaction conditions.3 On the other hand the reaction of phosphoric acid mono and dialkyl esters yield either 1-D 
polymers or 2-D materials which thermally anneal to produce ceramic materials at temperature lower than 300 oC.4   
Rationalization of these building principles will be presented in this lecture, apart from highlighting the use of this 
class of compounds as molecular magnets,5 phosphorus based perovskites and other energy materials.6 

Reference: 

1. Murugavel, R. et al. Angew. Chem., Int. Ed. 2006, 45, 5536; Angew. Chem., Int. Ed. 2006, 45, 7022; Chem.-Eur. J. 
2008, 14, 3869; Chem.-Eur. J. 2010, 16, 994. 

2. (a) Kalita, A.C. et al. Inorg. Chem. 2014, 53, 3345; Inorg. Chem. 2014, 53, 8959. (b) Dar, A. et al. Inorg. Chem. 
2015, 54, 9458; Inorg. Chem. 2016, 55, 5180. (c) Verma, S. et al. Inorg. Chem. 2020, 59, 13233; Inorg. Chem. 
2022, 61, 6807. (d) Kalita, A. C. et al. Chem.-Euro. J. 2016, 22, 6863; Chem.-Euro. J. 2018, 24, 6178. 

3. Gupta, S. K. et al.  J. Am. Chem. Soc.  2017, 139, 39-42; Chem. Commun. 2019, 55, 7994. 

4. Bhat, G. A. et al. Angew Chem., Int. Ed. 2019, 16844; Saha, J. et al. Small, 2019, 1903334. 

5. Gupta, S. K. et al. Chem. Sci. 2016, 7, 5181; Chem. Commun. 2018, 54, 3685; Chem.-Euro. J. 2022, 28, 
e202103585. 

6. Wu, Y. et al. J. Am. Chem. Soc.  2017, 139, 16999. 
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Are lone pair⋅⋅⋅π (lp⋅⋅⋅π) interactions employable? 

Raja Angamuthu 

Department of Chemistry and Department of Sustainable Energy Engineering, Indian Institute of 
Technology Kanpur, Kanpur 208016 

Email: raja@iitk.ac.in 

We have wished-for to employ the combination of PU formation and lone pair⋅⋅⋅π (lp⋅⋅⋅π) interaction in sequestering 
small molecules of environmental and industrial interest such as halogenated hydrocarbons (HCs), CO2 or SO2. 

 

Illustration of anticipated Piedfort pairs with a small molecule encapsulated in between monomers. Encapsulated 
small molecule is represented by red ball and yellow balls denote the substituents. 

 

Piedfort units (PUs) or dimers or diads are dimeric assemblies of symmetric-threefold-substituted aromatic 
molecules such as benzenes, 1,3,5-triazines or heptazines (Figure). Molecular PUs acquired such name, as they look 
like two coins stuck together (Piedfort coins). Symmetrically trisubstituted molecules and PUs are of tremendous 
interest in the context of hydrogen bonded frameworks, constructing porous materials, building blocks for 
nanoscalar supramolecules, self-assembling metallacycles, selective encapsulation of guests, materials for 
photocatalysis, nonlinear optics, etc., However, known PUs possess distances between the two six membered rings 
(DAr···Ar) in the range of 3 and 4 Å whereas to park a small molecule in between two members of PU at least ~8 Å 
distance might be required (Figure). Fortunately, at least one electronegative atom that has concentrated electron 
density present in the small molecules of interest. 

The talk will portray our efforts in employing this classical weak interaction - lone pair⋅⋅⋅π (lp⋅⋅⋅π) interaction 
- yet observed only serendipitously, in sequestering small molecules.  

Reference: 

1. S. Mehrotra, S. Raje, A. K. Jain, R. J. Butcher, R. Angamuthu, Chem. Commun. 2022, 58, 11815-11818. 
2. M. Chahal, S. Raje, G. Kotana, R. Angamuthu, Green Chem. 2019, 21, 6372-6380. 
3. S. Mehrotra, R. Angamuthu, Cryst. Eng. Comm. 2016, 18, 4438-4444. 
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Modelling of Multifaceted Reactivity of Nitrite as a Bioregulator in  

NO and H2S Signalling Processes 

Subrata Kundu,* and coworkers 

School of Chemistry, Indian Institute of Science Education and Research (IISER), Thiruvananthapuram 
695551, India 

Email: skundu@iisertvm.ac.in 

Though nitric oxide (NO) and hydrogen sulfide (H2S) are known as notorious toxins, both of them serve as 
gasotransmitters, thereby assisting various physiological activities including vasorelaxation, neuro-transmission, and 
anti-inflammation.1 Biochemical processing of NO and H2S occurs through a set of tightly controlled complex 
transformations involving a wide array of reactive sulfur, oxygen, and nitrogen species (RSONs). A number of recent 
studies underscore that nitrite (NO2

−) plays pivotal role in modulating the chemistry of RSONs. For instance, the 
oxidative transformation of NO to NO2

− allows maintaining the optimum flux of NO in the biological milieu, while 
NO2

− serves critically as a NO-reservoir under hypoxia.2 The transformations of NO2
− to NO at Fe/Cu have been 

demonstrated previously to provide mechanistic insights into the transformation at metalloenzymes such as nitrite 
reductase (NiR) and cytochrome c oxidase (CcO).3 In contrast, the analogous transformation at a redox-inactive ZnII 
site of carbonic anhydrase has been discussed in the literature controversially.4 Notably, biologically relevant 
reductive transformations of NO2

− in the presence of H-atom (H+/e−) donors have been under-appreciated until 
recently. Employing a set of structurally characterized copper(II)-nitrite model complexes, this work illustrates the 
reduction of NO2

− to NO in the presence of suitable O−H or C−H bond containing substrates as the H+/e− donors.5,6 
Though, in the presence of thiols as external reductant, zinc(II)-nitrite complexes react sluggishly to afford NO in 
<10% yield, the present work demonstrates that sulfane sulfur (S0) mediated persulfidation of thiol leads to a near 
quantitative conversion of NO2

− to NO at the zinc(II) site.6 Lastly, this talk will highlight the reactivity of NO2
− anion 

towards organosulfur compounds to illustrate the generation of NO-and-H2S cross-talk intermediates such as 
thionitrite (SNO−) and perthionitrite (SSNO−).6 

References: 

1. (a) Culotta, E.; Koshland, D. E. J. Science 1992, 258, 1862. (b) Feeney, M. B.; Schöneich, C. Antioxidants Redox 
Signal. 2012, 17, 1571. 

2. Maia, L. B.; Moura, J. J. G. Chem. Rev. 2014, 114, 5273. 
3. Timmons, A. J.; Symes, M. D. Chem. Soc. Rev. 2015, 44, 6708. 
4. Aamand, R.; Dalsgaard, T.; Jensen, F. B.; Simonsen, U.; Roepstorff, A.; Fago, A. Am. J. Physiol. - Hear. Circ. 

Physiol. 2009, 297, 2068. 
5. (a) Mondal, A.; Reddy, K. P.; Bertke, J. A.; Kundu, S. J. Am. Chem. Soc. 2020, 142, 1726. (b) Gupta, S.; Vijayan, 

S.; Bertke, J. A.; Kundu, S. Inorg. Chem. 2022, 61, 8477. (c) Mondal, A.; Reddy, K. P.; Som, S.; Chopra, D.; 
Kundu, S. Inorg. Chem. 2022, 61, DOI: 10.10211/acs.inorgchem.2c02775. 

6. Kundu, S. and coworkers, unpublished results. 
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A Deep Dive into Biomolecular Condensates formed via Liquid-Liquid Phase Separation 

of Intrinsically Disordered Proteins 

Samrat Mukhopadhyay 
Indian Institute of Science Education and Research (IISER) Mohali 

Email: mukhopadhyay@iisermohali.ac.in; Website: https://www.mukhopadhyaylab.org/ 

Liquid-liquid phase separation (LLPS) of intrinsically disordered proteins/regions (IDPs/IDRs) into intracellular 
biomolecular condensates is involved in critical cellular functions. However, aberrant phase transitions are 
associated with debilitating neurodegenerative diseases. We show that the prion protein (PrP) can undergo LLPS via 
weak, multivalent, transient intermolecular interactions between the N-terminal IDR that resembles a yeast prion-
like domain comprising five glycine-rich octapeptide repeats and a hydrophobic segment. An intriguing disease-
associated amber stop codon mutation (Y145Stop) yields a C-terminally truncated intrinsically disordered fragment 
that is associated with Gerstmann-Sträussler-Scheinker syndrome and familial cerebral amyloid angiopathy. We 
demonstrate that Y145Stop spontaneously phase-separates into highly dynamic liquid droplets under physiological 
conditions. Our bioinformatic, spectroscopic, microscopic, and mutational studies coupled with single-droplet 
vibrational Raman spectroscopy revealed highly dynamic internal organization within condensates and illuminated 
the critical molecular drivers of LLPS of Y145Stop. We also show that Y145Stop exhibits a reentrant phase behavior 
in the presence of RNA. Upon aging, these highly dynamic liquid droplets undergo a liquid-to-solid phase transition 
into highly ordered, beta-rich, amyloid aggregates that exhibit a characteristic autocatalytic self-templating behavior. 
Therefore, LLPS-mediated amyloid formation can potentially represent a noncanonical phase transition pathway to 
self-replicating prions. The propensity for this aberrant phase transition is much lower for the full-length PrP 
indicating an evolutionarily conserved role of the folded C-terminal domain. I will also discuss our recent results on 
spatiotemporal modulation in complex coacervation of PrP and alpha-synuclein into multicomponent, multiphasic, 
hollow condensates. These multicomponent condensates can act as reaction crucibles to catalyze the amyloid 
conversion of these functional assemblies into pathological aggregates associated with overlapping 
neuropathological features. I will also discuss our latest work on the characterization of biomolecular condensates 
using ultrasensitive vibrational Raman spectroscopy. 
 
References: 

1. "Single-Droplet Surface-Enhanced Raman Scattering Decodes the Molecular Determinants of Liquid-Liquid 
Phase Separation" A. Avni, A. Joshi, A. Walimbe, S. G. Pattanashetty & S. Mukhopadhyay* Nature Commun., 
2022, 13, 4378.  

2. "Spatiotemporal Modulations in Heterotypic Condensates of Prion and α-Synuclein Control Phase 
Transitions and Amyloid Conversion" A. Agarwal, L. Arora, S.K. Rai, A. Avni & S. Mukhopadhyay* Nature 
Commun., 2022, 13, 1154.  

3. "Prion Protein Biology Through the Lens of Liquid-Liquid Phase Separation". A. Agarwal* & S. 
Mukhopadhyay*. J. Mol. Biol., 2022, 434, 167368.  

4. "An intrinsically disordered pathological prion variant Y145Stop converts into self-seeding amyloids via 
liquid-liquid phase separation". A. Agarwal, S.K. Rai, A. Avni & S. Mukhopadhyay*. Proc. Natl. Acad. Sci. U. S. 
A. 2021, 118, 45, e2100968118.  
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Interconversion of Nitric Oxide and its Derivatives 
Pankaj Kumar 

Department of Chemistry, IISER Tirupati, Tirupati-517507, Andhra Pradesh 
Email: pankaj@iisertirupati.ac.in; pankajatiisert@gmail.com 

Nitric oxide (NO) plays a significant role in various physiological processes such as neurotransmission, vascular 
regulation, platelet disaggregation, and immune response to multiple infections.1 Therefore, to maintain an optimal 
concentration of NO, nitrate reductase (NR), nitrite reductase (NiR)2, and nitric oxide synthase (NOS)3 enzymes are 
available for NO biosynthesis. The above enzymatic reactions have not been explored extensively; therefore, the 
exact mechanism of these reactions is yet to be discovered. NR catalytically transform the NO3

− to NO2
− via the O-

atom transfer reaction via Mo/W-based enzymes. While, NiR enzymes catalyse the conversion of NO2
− to NO in the 

presence of acid (H+).2 Biological dysfunction may lead to the overproduction of NO, which usually converted to NO3
− 

in the presence of NOD enzymes. This regular interconversion helps in maintaining the biological NO homeostasis. 
In this report, we will be explaining the reduction of NO2

− to NO in CoII-NO2
− (1), via acid-induced reaction4 and oxygen 

atom transfer chemistry of CoII-NO3
− (2)5. In addition, we will also be explaining the NO oxidation reaction of {CoNO}8 

(3)6 to understand the mechanistic aspects of these reactions. A new pathway for NiR enzyme activity was observed 
in the CoII-NO2

− (1) reaction with one equivalent proton (H+), which generates corresponding {CoNO}8 (3) with H2O2. 
The detailed mechanistic investigations using 15N-labeled-NO2

− demonstrate that N-atom in the {CoNO}8 is derived 
from NO2

− ligand, and H2O2 came from the homolysis of ON-OH moiety of a putative nitrous acid intermediate [CoII-
ONOH]2+. In addition, 1 & 2 generate (3) in the presence of an equivalent amount of oxygen abstracting reagent 
(VCl3). These reactions suggest oxygen atom transfer from CoII bound NO3

−/ NO2
− moieties to reagent X, forming 

{CoNO}8  with oxidized species O=X (VOCl3). Further, to complete the NO-biological cycle, we reacted the (3) with 
OH−/O2−, showing the formation of the CoII-NO2

−, in contrast to one of our previous reports of {CoNO}8 with O2, 
leading the generation of CoII-NO3

− (NOD product).7 We also find out that complexes 2 and 3 generate the {CoNO}8 
upon reaction with NO.   

 
Figure 1. Interconversion of nitrate → nitrite → nitric oxide and vice versa 

References: 
1. (a) R. F. Furchgott, Angew. Chem., Int. Ed., 1999, 38, 1870-1880. (b) L. J. Ignarro, Angew. Chem., Int. Ed., 1999, 

38, 1882-1892.  
2. E. I. Tocheva, F. I. Rosell, A. G. Mauk, M. E. Murphy, Science, 2004, 304, 867-870. 
3. R. G.Knowles, S. Moncada, Biochem. J., 1994, 298, 249-258. 
4. P. Y. M. Ajmal, S. Ghosh, Y. Narayan, Y. Yadav, C. S. Sahoo, P. Kumar, Dalton Trans., 2019, 48, 13916. 
5. K. Kulbir, S. Das, T. Devi, M. Goswami, M. Yenuganti, P. Bhardwaj, S. Ghosh, S. C. Sahoo, P. Kumar, Chem. Sci., 

2021, 12, 10605. 
6. S. Das, K. Kulbir, S. Ghosh, C. S. Sahoo, P. Kumar, Chem. Sci., 2020, 11, 5037. 

P. Kumar, Y.M. Lee, Y.J. Park, M.A. Siegler, K. D. Karlin, W. Nam, J. Am. Chem. Soc., 2015, 137, 4284. 
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Noncovalent Interactions in Hybrid Perovskites: Noncentrosymmetry, Chirality and 
Stability 

Angshuman Nag 

Department of Chemistry, Indian Institute of Science Education and Research (IISER) Pune  

Email: angshuman@iiserpune.ac.in 

Two dimensional (2D) hybrid perovskites like (C4H9NH3)2PbI4 have layered crystal structure with periodic nanoscale 
interfaces between the inorganic {PbI4}2- and organic C4H9NH3

+ layers. The organic and inorganic layers interact with 
each other through noncovalent interactions, like hydrogen bonding. The chemical compositions of the interface can 
be designed in numerous ways, tailoring the nature of noncovalent interactions, and therefore, yielding novel 
functionalities combining both the organic and inorganic components.1-3 In this talk, I will discuss about such 
composition-structure-property relationships, controlled by noncovalent interactions, in a series of structurally 2D, 
1D, and 0D hybrid perovskite derivative systems. For example, chirality can be induced from the organic sublattice 
to the inorganic sublattice through the hydrogen bonding interactions at the interface. Consequently, the optical 
and optoelectronic properties, that mainly contributed by the inorganic sublattice, also attains chirality.4 A series of 
non-centrosymmetric hybrid perovskites, required for properties such as wavelength tunable nonlinear optical 
properties and bulk photovoltaic effect can be prepared by rationally designing the noncovalent hydrogen- and 
halogen-bonding interactions. I will also discuss about how cation-π interactions can make low-dimensional hybrid 
metal halides completely water-stable for years.5 Furthermore, the noncovalent interactions allow us to control 
structural rigidity, thermal stability, and octahedral tilting of hybrid perovskites, which in turn can control their 
optical band gap and carrier mobility.  
 
References 

1. Sheikh, T.; Nawale, V.; Pathoor, N.; Phadnis, C.; Chowdhury, A.; Nag, A. Angew. Chem. Int. Ed. 2020, 59, 
11653 - 1659. 

2. Nag, A. Nano Lett. 2021, 21, 8529 - 8531. 
3. Chakraborty, R.; Sheikh, T.; Nag, A. Chem. Mater. 2022, 34, 288 - 296. 
4. Sheikh, T.; Maqbool, S.; Rajput, P. R.; Mandal, P.; Nag, A. Chem. Commun. 2022, 58, 7650 -7653. 
5. Sheikh, T.; Maqbool, S.; Mandal, P.; Nag, A. Angew. Chem. Int. Ed. 2021, 60,18265 -18271. 
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Molecular Vessels for Catalysis, Chiral Recognition, and Separation of Isomers 

Partha Sarathi Mukherjee 
Inorganic and Physical Chemistry Department, Indian Institute of Science, Bangalore-560012 

Email: psm@iisc.ac.in 

Reactivity of chemical entities in confined molecular space is expected to be different from the reactivity in bulk due 
to restricted motions and high effective concentration in the confined space. This restricted degree of freedom along 
with other non-covalent interaction/s may stabilize the transition state of the reaction leading to enhanced catalytic 
turn over. My lecture will focus on design of molecular barrel having confined space decorated with multiple urea 
moieties for catalytic Michael reaction in aqueous medium. Our recent efforts on designing chiral molecular vessels 
including their chiral recognition will also be discussed (Figure 1). A recently developed strategy on constructing 
enantiopure cage without using chiral donor/acceptor will be highlighted in the lecture. My lecture will also focus on 
the use of confined space for the separation of isomeric anthracene from phenanthrene by simple aqueous 
extraction using a Pd(II)-molecular vessel. 

 
Figure 1: Enantiopure cages for recognition of enantiomers from a racemic mixture. 

References: 
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2. R. Saha, B. Mondal, P. S. Mukherjee, Chem. Rev. 2022, 122, 12244. 
3. P. Howlader, E. Zangrando, P. S. Mukherjee, J. Am. Chem. Soc. 2020, 142, 9070. 
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Total Synthesis of Rare Sugar Containing Bacterial Glycoconjugates 

Suvarn S. Kulkarni 
Department of Chemistry, Indian Institute of Technology Bombay, Powai, Mumbai-400076, India 

suvarn@chem.iitb.ac.in 
 

Bacterial glycoconjugates are comprised of rare D and L deoxy amino sugars, which are not present on the human 
cell surface. This peculiar structural difference allows discrimination between the pathogen and the host cell and 
offers avenues for target-specific drug discovery and carbohydrate-based vaccine development.1  However, they 
cannot be isolated with sufficient purity in acceptable amounts, and therefore chemical synthesis is a crucial step 
toward the development of these products.2,3  We recently established short and convenient methodologies for 
the synthesis of orthogonally protected bacterial D and L-deoxy amino hexopyranoside  and glycosamine building 
blocks starting from cheaply available D-mannose and L-rhamnose.4,5  The one-pot protocols rely on highly 
regioselective nucleophilic displacements of triflates. These procedures have been applied to the synthesis of 
various bacterial glycoconjugates4-9 as well as metabolic oligosaccharide engineering.10  The studies led to 
discovery of selective inhibitors of glycan biosynthesis.11 
 
In this talk I will present our recent results on the total synthesis of highly complex and densely functionalized 
conjugation-ready oligosaccharide repeating units present on the surface of pathogenic bacteria.    
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Chemistry of Complex Natural Products Mandelalide A, 

Callyspongiolide and Metacridamide B 

Subhash Ghosh 

CSIR-Indian Institute of Chemical Technology, Hyderabad 500007, India 

Email: subhash@iict.res.in 

Natural products and their derivatives serve as useful leads in the development of new pharmaceutical agents.1 
However, in many cases the structure of the isolated natural products is reported wrongly. Therefore, synthesis of 
the natural products by developing new chemistry and strategy to confirm their structure is an important area of 
research. Our group is actively engaged on the total synthesis of bioactive complex natural products and during the 
process we try to resolve some of the structural issues associated with the targeted natural products. 

In this talk, synthetic study of biologically active natural products, namely: Mandelalide A2 , Callyspongiolide3 and 
Metacridamide B will be discussed to show how total synthesis plays an important role in correcting the structure of 
natural products. 
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The ever-growing field of total synthesis of natural products continues to be the source of inspiration for many 
synthetic chemists worldwide. Natural product synthesis also plays an important role in developing many areas of 
modern-day biology. Synthesis of complex natural products for biological studies, using a minimum number of 
synthetic   transformations, labor and material expenses presents significant challenges to organic chemists. 
Meroterpenoids are secondary metabolites formed due to mixed biosynthetic pathways which are produced in part 
from a terpenoid co-substrate. These mixed biosynthetically hybrid compounds are widely produced by bacteria, 
algae, plants, and animals. Notably amazing chemical diversity is generated among meroterpenoids via a 
combination of terpenoid scaffolds with polyketides, alkaloids, phenols, and amino acids. In this presentation 
enatioselective total synthesis of various biologically active and structurally interesting meroterpenoid natural 
products callistrilones, will be presented. 
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Nature produces a variety of complex natural products in entioenriched form (see, Figure).1-2 Since these 
are isolated from Nature in limited quantity (mostly in mg scale), total synthesis endeavors can play a 
crucial role in bioactivity evaluation by providing access to significant quantity.1-4 It also provides platform 
for the innovation of new strategies for chemical synthesis.5-6 In this regard, naturally occurring alkaloids 
with impressive diversity of biological activities drew our interest.1a  Interestingly, a variety of alkaloids of 
this family show interesting biological activities, such as antibacterial and cytotoxic activities.1a 
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Figure. Architecturally intriguing indolosesquiterpene alkaloids of biological relevance. 
 
Towards this direction, we explored biomimetic strategies under mild condition that takes advantage of 
plausible biosynthesis of these naturally occurring complex natural products. A number of reactions under 
the sustainable development offer us the opportunity to bring the complexity required for the total 
synthesis of these secondary metabolites.   
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Bioactive molecules that enhance or induce osteogenic potential of bone precursor cells have vital role in bone tissue 
engineering. We will describe design and synthesis of a diketopiperazine having the ability to induce osteoblastic 
differentiation of pre-osteoblasts and bone-marrow-derived stem cells in vitro and its role in enhancing osteogenic 
potential when impregnated in a cryogel matrix. 

Next-generation treatment strategies to treat osteomyelitis with complete eradication of pathogen is a challenge in 
orthopaedics. Conventional treatment strategies include long-term systemic antibiotic delivery, use of 
nondegradable vehicles for local delivery, and surgical debridement. But, they are not completely effective. We will 
discuss our efforts to incorporate rifampicin in a ceramic carrier, followed by its in vivo release and distribution over 
a period of one month, by surgically implanting in a rat model. 
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Vitamin B12, required by humans for methionine synthesis and energy metabolism, is a member of the 
cobamide family of cofactors. The structure of cobamide cofactors share common features –a tetrapyrrolic 
corrin ring with a central cobalt ion coordinated to upper and lower ligands. The lower ligand is also 
covalently linked to the corrin ring via a nucleotide loop. In B12, the lower ligand is 5,6- 
dimethylbenzimidazole, whereas other naturally occurring cobamides have lower ligands ranging from 
other benzimidazoles, purines and phenols. The focus of my lab is to study the enzymes that play a role in 
lower ligand synthesis, activation and attachment, leading to diversity among cobamide cofactors. In this 
talk, I will put forth our bioinformatic, biochemical, and mechanistic explorations on the bza operon 
enzymes which are involved in the anaerobic biosynthesis and attachment of a set of benzimidazoles. 
Specifically, I will highlight our work on unravelling the steps that lead to a regiospecific attachment of the 
benzimidazolyl lower ligand by enzymes CobT and BzaC, and discuss the potential roles of the 
uncharacterized radical-SAM Fe-S cluster enzymes BzaD and BzaE. Our work captures important molecular 
signatures and catalytic details of these lower ligandassociated enzymes and will contribute towards 
improving the commercial production of Vitamin B12 and other cobamides. Finally, as cobamides are 
exclusively synthesized only by bacteria and archaea, our studies form the basis of metagenomic efforts to 
predict their production and exchange in microbial communities. 
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Understanding Origin of Matter at a deeper level remains still illusive. Without going into the formalism of 
Quantum Mechanical Descriptors and those of QCD we propose a simple “classical non-equilibrium” 
platform of “Time-Gel” capturing the essence of Origin of Matter that can be demonstrated experimentally. 
The results as we will demonstrate from the platform of “Time-Gel” speaks for a room for reasonable 
existence of such an alternative model based on Chemical Sciences that shows 1. Space-time symmetry 
breaking in the guise of gelation with appropriate and approximate variables with descriptive 
correspondence to space and time 2. Divergence in dependent variables thereof implying underlying 
critical phenomena 3. A divergence in the exponent correlating the space-time coupling implying an ever 
exploding creation of matter consistent with the existing models describing origin of mass and ever 
expanding Universe. 4. We will show that the existence of an element of a residual asymmetry induces a 
non-equilibrium (temporally irreversible) feature in serendipitous realisation of Time-Gel enables validated 
with experiments and led us to capture the essence of Origin of Matter. 
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Recently, nano/micro organic solids have emerged as promising materials for producing miniaturized organic 
photonic components, such as optical waveguides (active/passive), lasers, resonators (including chiral ones), filters, 
and modulators suitable for constructing organic photonic integrated circuits (OPICs).1-3 Miniature crystal 
(rigid/flexible) optical waveguides1-3,5-11,14 are useful for controlling and manipulating light propagation down to 
microscale. In optical resonators,4,10,12,13 their mirror-like geometry allows them to trap the photons tightly by 
repeated total internal reflection at the air-matter interface and produce multimodal optical emissions. Low-optical-
loss (high Q) resonators are good optical gain media, therefore potential elements for microlasers. The guided light 
intensity and- speed can be modulated using light-driven refractive index changes in photochromic optical 
waveguides.11(iii) Selective reabsorbance of broad-band optical emission in microcrystal waveguides lessens the 
bandwidth of the propagating light signal producing a long-pass filter effect. 

    Atomic force microscopy (AFM) is an effective technique to mechanically micromanipulate miniature organic 
photonic components towards OPICs - an approach known as Mechanophotonics.1,2,15-18 I will introduce examples of 
miniature organic photonic (optically linear and nonlinear14,15) components in my talk. I will also discuss the 
construction of OPICs with active, passive, and energy-transfer attributes using mechanophotonics. The fabricated 
OPICs switch, split, direct, and filter optical signals for signal enhancement, sensing, information processing and 
switchable photonic device applications. Recently, we developed a novel molecular-crystal-processing technique via 
Focused ion beam lithography, namely Crystalphotonics Foundry, the details also will be covered briefly.19  
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Atomically precise metal nanoclusters, a new class of materials are composed of tens to hundreds of metal 
atoms in the core possess unique structures, high stability and attractive properties. Built on the significant 
success of Au nanoclusters, Ag nanoclusters have recently received increasing attention. Synthesis and 
structural elucidation of Ag NCs is challenging because the zero-valent oxidation state of Ag is very reactive 
and prone to oxidization.1 We have designed new strategy to synthesize novel silver clusters. Then we have 
adopted different methods to generate functionality and correlate their structure-property relationship. 
Here we will discuss three new silver nanoclusters and these are: (a) A new Ag-S cluster 
[Ag50S13(StBu)20][CF3COO]4 with its unique hcp Ag14 kernel and Ag36 Keplerian shell-based structural 
architecture and its photoresponsivity;2 (b) Anion template-assisted Ag16 silver nanocluster for artificial 
light-harvesting system through supramolecular functionalization;3 (c) new approach for generating 
functionality in template-assisted alloying of atom-precise silver nanocluster.4  

 

 

 

Scheme 1. (a) Structural anatomy of Ag50; (b) artificial light-harvesting system using Ag16 cluster; (c) template-assisted 
alloying of Ag20 nanoclusters. 
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High crystallinity, although desired in materials for a wide range of high-performance engineering 
applications, generally comes with undesirable attributes such as high brittleness and fragility.1 This makes 
crystalline materials incompatible with many future technologies, such as flexible devices and soft-robotics. 
Recent progress in crystal engineering has brought into light many possible opportunities to address these 
issues, enabling the design of adaptive crystalline materials that respond to external stimuli with 
exceptional qualities.1-7 For instance, crystals that bend (elastically or plastically), twist, curl, wind, jump, 
exfoliate, laminate, and explode, under external stresses, such as mechanical stress, pressure, light, heat, 
solvent, etc., have been shown. On the other hand, until very recent time, self-healing was observed only 
in soft and amorphous materials, mostly involving approaches that use chemical reactions, diffusion, 
solvent, vapour, electricity, etc., with typical healing time scales in minutes to weeks.8 A new self-healing 
mechanism that we recently introduced9 in materials science, enables ultrafast, near 100% autonomous 
diffusion-less repair in crystalline materials that uses electrostatic surface potentials generated on the 
freshly created fracture surfaces, inherent to certain types of polar single crystals. My talk will cover 
structure-property correlation for crystal engineering of adaptive materials.  
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Two donor modules in a ligand with different sigma and pi-bonding characteristics offer prospect for 
uniting and managing two electronically disparate substrates on a metal center. In this talk, I will provide 
an orbital perspective on the origin of ligand electronic asymmetry. A Pd(II)-catalyzed Wacker-type 
oxidation of terminal olefins to methyl ketones will be taken as a test case to highlight the role of the ligand. 
Proton/hydride management at the ligand/metal assembly for reductive amination of aldehyde and 
alkylation of ketones will be discussed. Further, new ligand scaffolds that display metal-ligand cooperation 
will be disclosed.1-5 
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Fluorescent sensors have been widely used to monitor the concentration or activity of multiple analytes in 
living systems. Current challenges in this field include increasing the resolution with which these sensors 
can be observed and creating probes that can target any desired subcellular location, robustly and on 
demand. Using a combination of genetically encoded tools and small molecules, we recently developed a 
new sensing platform that ensures precise targeting and robust quantification of analyte concentrations in 
subcellular organelles. This paradigm is exemplified by the development of a sensor to measure 
intracellular glutathione, the key redox modulator inside cells. Employing this tool, we discovered that the 
pool of nuclear glutathione is independently regulated from that of other organelles. We also measured 
the concentration of glutathione in the Golgi apparatus for the first time. 
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Hydrogen sulfide (H2S) is a major signaling molecule that is responsible for redox regulation within cells,1 
with consequences in primary metabolism, antibiotic response, health and ageing.2 In recent years, H2S-
based regulation has been demonstrated to be mediated via protein persulfidation, a post-translational 
modification of cysteine residues (RSH) to persulfides (RS-SH), which has protective effects against elevated 
reactive oxygen species (ROS). Collectively known as the “sulfane sulfur pool”, these persulfides as a stable 
source of cellular antioxidants. 3-Mercaptopyruvate sulfurtransferase (3-MST) is one such enzyme which 
is directly persulfidated by the substrate 3-mercaptopyruvate, and plays a role in shuttling sulfur via 
downstream transfer of the sulfide to proteins, mitochondrial function, and Fe-S clusters. Precise 
mechanisms by which these effects are mediated by 3-MST remain poorly understood. Since 3-
mercaptopyruvate, the native substrate of 3-MST is unstable and structurally not very amenable to 
modifications, we designed and developed artificial substrates for 3-MST that permeate cells to enhance 
cellular persulfides.2 The therapeutic relevance of our engineered substrates is demonstrated through 
mitigating ROS levels in cells and protecting animals from inflammation in the brain in an animal model.5 
The versatility of these substrates is demonstrated through incorporation of mitochondria-selective tags 
and functional groups that can be cleaved selectively in certain cell-types and metabolic conditions. Lastly, 
using a mechanism-based inhibition strategy, we developed inhibitors of 3-MST that can reliably deplete 
the sulfane sulfur pool. Together, these tools allow us to modulate and track sulfane sulfur derived from 3-
MST and these tools should help us understand the relevance of these species in cellular growth and stress 
response. 
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DNA achieves its function by interacting with various proteins facilitating critical biomolecular transactions. 
Protein interaction with DNA is perceived to be carried out by two mechanisms:1 (a) sequence readout2 
from the major groove and (b) shape readout3 that is based on subtle differences in the double helix. It 
remains an open question whether the differences that arise in shape is a consequence of the protein 
binding or is an inherent ability of the DNA to sample various sequence-specific conformations conferring 
protein recognition modes. 
Sequence-specific differences evade reliable characterization by crystallography due to packing artifacts 
that bias the polymorphic folding landscape of DNA. On the other hand, Nuclear Magnetic Resonance 
(NMR) spectroscopy is an apt technique for obtaining atomistic details of duplex DNA providing both 
tertiary structure and conformational dynamics across a wide timescale.4 However, a thorough and 
systematic study on how primary sequence affects tertiary structure of DNA has not been undertaken. 
While 13C/15N-chemical shifts-based methods have paved the way for reliable and accurate conformational 
characterization of proteins and RNA,5 their application to DNA is uncharted. To address the same, we 
apply solution-state NMR spectroscopy to investigate forty dodecamer sequences sampling all possible 
trinucleotide steps across the canonical Watson-Crick base pairs. The trinucleotide steps were positioned 
in pseudo palindromic and “unique” sequences to tease apart effects across these relevant contexts. We 
observe that the measured NMR parameters (such as 15N/13C/1H chemical shifts and homo-/heteronuclear 
scalar couplings) effectively report on subtle differences across the trinucleotide steps. Data suggests that 
the two nearest neighbours confer local conformational preferences. A machine learning approach applied 
here provides an avenue to predict chemical shifts and sequentially assign resonances for DNA solely from 
primary sequence. In this talk, I shall present the first step towards obtaining sequence specific 
conformations of DNA duplexes using NMR parameters and machine learning. 
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Chemical reactions often proceed through the intermediacy of unstable species. The lifetime of such 
reactive species is so fleeting (e.g., nanoseconds to picoseconds) that they remain undetected. The 
existence of such intermediates is sometimes supported by kinetic and product studies. Recent 
developments in ambient ionization techniques have enabled the rapid but gentle transfer of chemical 
species from solution to the gas phase, followed by their mass spectrometric detection. This presentation 
will describe our developments, excitements, and challenges with this “ion fishing” technique for studying 
chemical and biochemical reactions. This talk will provide insight into how electrohydrodynamically-
generated high-speed aqueous microdroplets can intercept transient, fleeting intermediates from the 
reaction mixture, informing details of the reaction mechanism. Our recent findings that aqueous 
microdroplets can capture and stabilize elusive carbocations, carbanions, intermediate protein 
conformers, and other reactive intermediates from simple or complex multi-component reactions, 
especially those involving short-lived, redox-reactive, and kinetically labile species, will be highlighted in 
this presentation. 
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Selective activation of C-H bonds of hydrocarbons in feedstocks by chemical or biological means under 
environmentally benign conditions is highly sought-after - yet a challenging endeavour. Cu-containing 
metalloenzymes are excellent catalysts for functionalization of a wide range of C-H bonds employing 
molecular oxygen/H2O2 as a terminal oxidant. I will describe our approaches to develop a new generation 
of de novo designed, water-soluble artificial Cu proteins (ArCuPs) as biomolecular catalysts demonstrating 
peroxidase, oxidase, and C-H oxidation activity. Specifically, this approach produces well-characterized and 
stable metallopeptide catalysts that can activate C-H bonds of abiotic substrates both homogenously and 
electrochemically. A reductive priming to access the Cu-oxygen species is thought to be beneficial for the 
reactivity and mechanistic outcome. Fine-tuning of the outer coordination sphere interactions further 
enhances the catalytic proficiency by up to ~80%. Functional relevance of our results with respect to 
biological C-H activation, inner vs outer sphere electron transfer kinetics, and how the primary/secondary 
coordination sphere interactions tune the reorganization energies of Cu sites, will be discussed.  
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Microwave spectroscopy has proven to be the most accurate way of determining structure of molecules in 
the gas phase. What has not been as widely recognized is the application of microwave spectroscopy to 
infer about bonding, both within a molecule and between molecules. Our group has focused on weakly 
bound complexes of H2O and H2S, as the former is a text-book example for hydrogen bonding and the latter 
was thought to have van der Waals interactions. We have recently shown that both (H2O)2 and (H2S)2 have 
hydrogen bonds holding them together.1 We defined a ‘carbon bond’ analogous to the hydrogen bond2 
and showed that CH3CN•••-CO2 complex is bound by a carbon bond.3 Though, (H2O)2 is a classic example 
for hydrogen bond, three different large amplitude tunneling motions can break the hydrogen bond and 
enable each of the four H atoms to be involved in the hydrogen bond.4 While the tunneling dynamics in 
(H2O)2 has been investigated extensively, we showed recently how the presence of an argon atom affects 
this in Ar-(H2O)2.5 The ground state microwave spectrum of C6H6-H2O was solved 3 decades ago, proving 
that water forms hydrogen bonds with water.6 However, the excited state transitions could not be properly 
assigned and they were fitted to a free rotor Hamiltonian, with unacceptable residues. Microwave spectra 
of several similar complexes were fit with a free-rotor model leading to unacceptable residues. We have 
recently shown that a Hamiltonian including Coriolis interaction can explain the excited state transitions 
incorrectly assigned as a free rotor, for C6H6-H2O and similar complexes.7 This talk will highlight how 
microwave spectroscopy has been used to infer structure, bonding and dynamics in molecules/molecular 
complexes. 
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Dipole-dipole interaction among chromophores facilitates the transfer of excited state energy to the other 
chromophore: a phenomenon popularly known as Förster Resonance Energy Transfer (FRET).1 This purely non-
radiative energy transfer is governed by the distance (2-10 nm) between the FRET pair, and hence, it is referred 
to as “spectroscopic nanoruler”.1 Being a sensitive fluorescence technique, it has occupied the central stage in 
the field of biophysical studies, nanoscience, material science and several interdisciplinary research. FRET is also 
extensively employed to a wide variety of systems ranging from designing artificial bioinspired light harvesting 
system (LHS) to investigate the conformational dynamics of intercalative-motif (i-motif) DNA. Nature has 
beautifully assembled its light harvesting pigments within the protein scaffolds that ensures a very high energy 
transfer.2 Motivated by nature’s own architecture for light harvesting complexes, a highly efficient artificial LHS 
is generated using a self-assembled nanostructure of a homopolypetide (poly-D-lysine, PDL) making use of their 
𝛽𝛽-sheet structure in aqueous solution.3 Such homogeneous 𝛽𝛽-sheet structure acts as an assembly hub to align 
two chromophores in close proximity. The chromophores used are compatible for a highly efficient energy 
transfer process, are non-fluorescent in aqueous medium but exhibit high fluorescence intensity when bound 
to the nanostructure of PDL and generates white light emission. On the other hand, the effect of confinement 
on folding pathway of noncanonical (i-motif) DNA under physiological condition is extensively studied by single-
molecule FRET (smFRET).4 Such kind of noncanonical DNA has been considered as a novel drug target in the field 
of anticancer research.5 Hence, it is pertinent to have a better understanding as to how various drugs interact 
with the highly dynamic structures of noncanonical DNA. In view of this, a detailed illustration of the structural 
dynamics of c-MYC promoter-based i-motif conformation has been investigated at physiological condition 
within a microemulsions having various nanodimensions. It is concluded that the folding of such motifs under 
cellular-like confined environment is not a direct transition between unstructured random coil to a structured 
i-motif, rather it occurs through a partially folded intermediate depending, on the confined dimension.4  
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Variation of pH is one of the most versatile tools used in biophysical sciences to monitor the structure and 
function of a protein. However, computer simulation studies at constant pH encounter several technical 
difficulties. In this lecture, some recent developments in constant pH molecular dynamics (CpHMD) will be 
discussed and their relative merits highlighted. Application of CpHMD simulation will be demonstrated by 
considering two isozymes of human carbonic anhydrase (HCA) that are responsible for the pH control and 
sensing in our body and constitute key components in the central pH paradigm connected to cancer 
therapeutics.  
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Polypeptides from L-amino acid bioresources are remarkable macromolecular biomaterials for applications 
in tissue engineering, drug and gene delivery, etc. Synthetic methodologies are largely well-established for 
freely soluble α-helical polypeptides and they contribute to 99 % of the existing knowledge in the literature. 
On the contrary, β-sheet polypeptides are one of the least explored polymer systems due to the limitation 
associated with their uncontrolled precipitation in the synthesis and non-living characteristics of the 
propagating chain-ends. This challenging task was recently solved by us by introducing steric-controlled 
ring opening polymerization strategy in which the initial polypeptide chains were propagated in α-helical 
conformation and post-polymerization deprotection was employed to restore their original β-sheet 
conformation as and when required. t-Butylbenzene group was identified as structure directing-cum-
solubilizing handle for this purpose, and the proof-of-concept was demonstrated successfully in β-sheet 
polypeptides based on poly(ʟ-serine), poly(ʟ-cysteine) and poly(ʟ-tyrosine), etc. Steric-handle facilitated 
the α-helical conformational front in the propagating chain to become soluble and high molecular weight 
living chains so that they could subsequently be employed as macro-initiators to build variety of unexplored 
β-sheet di-block and tri-block copolymers. These block copolymers open a new avenue for several 
amphiphilic polypeptides with well-defined architectures and are currently being investigated for 
biomedical applications in vitro and in vivo. The presentation will highlight the importance of β-sheet 
polypeptides and their future perspectives.   
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Today we produce about 300 million tons of polymers every year. Among these, polyolefins contribute 
more than half of the total volume of polymers produced. Most of these polyolefins are produced by a 
reaction called “Insertion Polymerization” or, more popularly, “Ziegler-Natta Polymerization”.1 Despite the 
seeming maturity, the insertion polymerization reaction continues to surprise us with growing complexity 
and is young as ever.  
My talk shall take a stock of the remaining challenges in Ziegler-Natta polymerization, briefly discuss 
current solutions, and reiterate the enormous potential of this seventy-year-old reaction to meet 
contemporary demand. The first part of my talk will deal with our endeavor in insertion copolymerization 
of difunctional olefins with ethylene to prepare functional polyethylene.2-4 Finally, the talk will reveal how 
the fundamental understanding developed in our group is then exploited to address real-world industrial 
challenges.4 The second part of my lecture will showcase a material called disentangled ultrahigh 
molecular weight polyethylene (dPE) (which is claimed to be stronger than steel). Controlled reduction of 
titanium can produce a pseudo-single site heterogeneous catalyst that produces dPE.5  
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Nitrogen fixation and the synthesis of ammonia are among the most important catalyzed reactions; indeed, 
the Haber-Bosch process for ammonia synthesis has even been termed the most significant scientific 
discovery of the twentieth century. However, this process consumes a huge amount of energy and results 
in significant emissions of greenhouse gases. There is therefore an urgent need to find sustainable 
alternatives. It can be the electrochemical process, where N2 adsorption could happen using a suitable 
catalyst under mild conditions. We can infer that the four main parameters to define the best catalyst for 
eNRR are, (i) moderate N2 adsorption free energy, (ii) high hydrogen evolution reaction (HER) overpotential, 
and (iii) low NRR overpotentials and one more added by us (iv) Hydrogen poisoning.  
The possibility of using single-atom catalysts (SACs) for this reaction is examined. Previous work has focused 
on optimization with respect to only one criterion at a time. We outline a screening protocol that uses 
density functional theory calculations to simultaneously optimize with respect to multiple criteria, 
successfully identifying catalysts that are highly selective and also result in low overpotentials. We 
presented a novel graphical construction for carrying out this screening procedure; we are confident that 
this simple graphical screening procedure for eNRR catalysts will be adopted widely, possibly becoming as 
ubiquitous as 'volcano plots' are for other reactions. We also identified two simple descriptors that can be 
used to predict eNRR catalyst performance and use our methodology to identify optimal eNRR SACs. 
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In this talk, I will discuss our efforts to understand the dynamics of a single active linear or a single active 
ring polymer in a porous media using non-equilibrium statistical mechanics and computer simulations.1-4 
In our model for active chains, each monomer is treated as an active Brownian particle (ABP) and the 
porous media is modelled in two-dimension, by randomly distributing frozen obstacles of different sizes. 
Therefore, each monomer has persistent motion and the chain is out of equilibrium. Our simulations reveal 
how the mechanical properties of the active polymer along with its topology influence the dynamics. We 
hope that our results will help in understanding how synthetic active agents navigate through porous media 
in general.5 
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Perylene-3,4,9,10-bis(dicarboximide)s (perylene bisimides; PBIs) are known to be a significant class of dye 
exhibiting exceptional thermal to photochemical stabilities, strong absorption as well as high fluorescence 
quantum yields, which may find applications as sensory materials, bioimaging probe and its conjugate for 
drug/gene delivery. However, they are suffering from poor solubility in different solvents including water. 
Therefore, water-soluble fluorescent PBI-based polymer conjugates with stimuli-responsive properties are 
highly promising candidates for various biomedical applications. In this work, a new PBI-(Cys-PVim)2 
conjugate of varying molecular weights were synthesized by a two-step method consisting of a 
conventional thiol-mediated radical polymerization of 1-vinyl imidazole (Vim) using L-cysteine in 
conjugation with ACVA as a radical initiator to produce cysteine-end-capped-poly(1-vinylimidazole) (Cys-
PVim), followed by the subsequent attachment of Cys-PVim to both the imide sides of PBI. The good 
solubility of the conjugates in organic solvents as well as in water allows easy and accurate measurement 
of the solution optical properties of this conjugate and ascertain the extent of aggregation among PBI units 
present in it. As expected, the amphiphilic PBI-(Cys-PVim)2 conjugate molecules with hydrophobic PBI and 
hydrophilic PVIm moieties lead to the formation of nano-sized vesicles due to their self-assembly. The 
optical properties of PBI-(Cys-PVim)2 in water is found to change with the variation of solution pH due to 
presence of protonable imidazole moiety present in this conjugate. The conjugate with strong green 
fluorescence and low cytotoxicity can be employed for the imaging of HeLa cells and the uptake of the 
conjugate is studied with varying time and solution pHs. This biocompatible conjugate efficiently binds with 
ctDNA/pDNA to form stable polyplexes in water. The preparation of poly(ionic liquid)s (PILs) by the 
polymerization of alkyl-substituted vinylimidazolium-based ionic liquid monomers instead of Vim followed 
by their conjugation with PBI unit results in the formation of PBI-PIL conjugates with excellent anion- and 
temperature-responsive properties in aqueous solution.    
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Oxidative Pd-catalysis occupies an important place in organic synthesis enabling selective transformation 
of various feedstocks into high-value materials via direct functionalization of unactivated C-H bond. Indeed, 
many useful C-H functionalization reactions have been developed using oxidative Pd-catalysis. However, 
they often rely on the use of excess amount of synthetic oxidants like metal salt, peroxides, BQ, PIDA, and 
others that produces significant amount of chemical waste.1 With increasing concern towards 
environmental issues, the development of new-generation Pd-catalyzed C-H functionalization reaction 
using green oxidants such as molecular oxygen (O2), preferably at 1 atmospheric pressure, is in great 
demand.2 Along with this line, our group has developed an aerobic method for the Pd-catalyzed arene C-H 
hydroxylation3 utilizing in-situ generated per-oxo radical via aldehyde auto-oxidation.4 Recently, we have 
developed an aerobic radical C-H acylation of benzo[h]quinoline via simultaneous cooperation of Pd-
catalysis with aldehyde auto-oxidation.5 The method features O2 as the sole oxidant, inexpensive aldehyde 
as the source of acyl radical and operational simplicity. In the poster, studies on the reaction development, 
substrate scope evaluation, and reaction mechanism of the catalytic process will be discussed in detail. 
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Tryptophan 2,3-dioxygenase (TDO) and indoleamine 2,3-dioxygenase (IDO) are the heme enzymes that catalyze the 
rudimentary and foremost steps of tryptophan (Trp) catabolism in the kynurenine pathway.[1] These enzymes cleave 
the indole ring of tryptophan at 2,3 position and incorporate dioxygen without any additional cofactor or cosubstrate 
generating N-formyl kynurenine (NFK). The incorporation of dioxygen in L-Trp has been reported to involve a high-
valent iron-oxo intermediate. For the last several decades, numerous efforts to delineate the mechanism of 
dioxygenation by these enzymes. However, the oxygenation pathway has not been unambiguously established yet. 
Along with enzymatic studies, attempts have been made to develop functional models[2], and a few synthetic 
TDO/IDO models based on metalloporphyrins have been reported to display catalytic oxidation of indole 
derivatives.[3] In recent years, synthetic heme superoxide models that cleave the 2,3-double bond of a series of indole 
substrates mimicking the tryptophan oxidation chemistry of TDO/IDO enzymes have been developed.[4] This model 
systems elucidate the involvement of iron-oxo intermediates in the reaction pathway.[4]  

 

With an objective to gain insights into the mechanism of TDO/IDO, we have explored the dioxygen-dependent 
reactivity of a series of nonheme iron(II) complexes of polydentate nitrogen-donor ligands toward substituted 
indoles. During the course of our investigation, we found a different reaction mechanism for the catalytic C2-C3 bond 
cleavage of 2,3-dimethylindole (2,3-DMI) with dioxygen by the iron(II) complexes supported by the TpPh2 

(hydrotris(3,5-dimphenylpyrazolyl)borate), TPA (tris(2-pyridylmethyl)amine) and  6-Me3TPA (tris(6-methyl-2-
pyridylmethyl)amine) ligands. In the presence of excess 2,3-DMI, the complexes activate dioxygen to yield N-(2-
acetylphenyl)acetamide (NAPA) in catalytic turnover. Spectroscopic and mechanistic studies unravel the involvement 
of an autocatalytic radical mechanism in the reaction pathway. The catalytic activity of the complexes, the 
autocatalytic reaction mechanism, and the effect of supporting ligand on the C-C bond cleavage reactivity will be 
presented. 
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Many dioxygen activating nonheme iron oxygenases utilize organic cofactors to reductively activate dioxygen.[1] 
These cofactors bind to iron centers of enzymes to form enzyme-cofactor complexes, which initiate the activation of 
dioxygen leading to the formation of high-valent metal-oxygen oxidants. Inspired by the enzyme-cofactor adduct, 
several synthetic complexes with metal-coordinated organic cofactors for the reductive activation of dioxygen and 
substrate oxidation have been reported.[2] Bioinspired iron(II)-benzilate complexes of polydentate ligands have been 
shown to activate dioxygen to perform oxidative 
decarboxylation of benzilate to benzophenone. In the 
reaction pathways, different iron-oxygen species, 
depending upon reaction conditions, are generated in situ 
via selective electron transfer from benzilate to metal-
coordinated oxygen. Mechanistic studies revealed that the 
dioxygen activation by model iron(II)-benzilate complexes 
largely depends on the nature of the supporting ligands 
and additives (Lewis acid/protic acid).[3] Most of the 
reported complexes are high-spin, and depending upon 
ligand denticity, the nature of reactivity of active iron-
oxygen species varies.[4] To expand our understanding in 
this regard, one mononuclear iron(II)-benzilate complex 
[(L2)FeII(PyS)(benzilate)] (2) (L1 = tris(2-pyriylthio)methanido, L2 = bis(2-pyridylthio)carbene and PyS = pyridine-2-
thiolate) was synthesized from an iron(II) acetonitrile complex [(L1)FeII(CH3CN)2](ClO4) (1). Reactivity studies with 
external substrates and theoretical investigations indicate that 2 initially undergoes a dioxygen-dependent 
rearrangement of the carbene ligand (L2) to generate the carbanionic ligand (L1) and finally produced 
[(L1)FeIII(benzilate)] (3) and decarboxylation was not completed. On the contrary, the diiron-bridged-benzilate 
complex [(L1)FeIII(benzilate)(L2)FeII(PyS)](ClO4) (4) gave quantitative decarboxylation in the reaction with dioxygen. 
The isolated complexes were used to investigate the effect of carbon donor ligands on the reductive activation of 
dioxygen.[5] The influence of iron-carbon bonding interactions on the dioxygen reduction by the complexes and the 
reactivity of dioxygen-derived iron-based oxidants will be presented. 
 
Keywords: Benzilate, Iron, Carbene and Carbanion, Dioxygen, Decarboxylation 
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N-Heterocyclic carbenes (NHCs) receives enormous interest in organic synthesis particularly for asymmetric 

organocatalysis.1 Numerous highly enantioselective transformations have already been developed with 

chiral NHC involving covalent interaction with substrate. On the contrary, the non-covalent mode of 

asymmetric NHC-catalysis, which undoubtably widen the scope of NHC-catalysis, is in its infancy. Only few 

successful reports on asymmetric NHC-catalysis involving non-covalent interaction with substrates are 

known.2 The substrate activation via non-covalent NHC-catalysis may involve either hydrogen bonding or 

ion-pairing interaction with substrates, depending on their pKa differences. Accordingly, it is expected that 

2-naphthols having relatively low pKa (9.5) could be activated by NHC having pKa ≈ 17-19 either via an ion-

pairing or H-bonding interaction. Following this, we have recently developed a NHC-catalyzed asymmetric 

aminative dearomatization process for 2-naphthols,3 which is orthogonal to the earlier acid-catalyzed 

processes4 providing additional synthetic tool for enantioselective synthesis of cyclic enones possessing 

nitrogen containing α-quaternary stereocenter. In the poster, studies towards reaction development, 

substrate scope evaluation, reaction mechanism and synthetic utility of the method will be discussed. 
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Recent studies have found disordered proteins within the crowded environment of a cell to form membrane less 
organelles. This phenomena, known as liquid-liquid phase separation (LLPS) have been a topic of interest in the 
recent years due to their role in forming disease related structure formations. In this context, we have investigated 
model peptides having arnine or glutamic acid in the form of (RX)12 or (EX)12 where X has been varied with glycine, 
alanine, proline and phenyl alanine. Using all-atom molecular dynamics simulation, and well-tempered meta-
dynamics method to get proper sampling, we have obtained the free energy change of dimer formation for these 
peptides at high salt concentration and at different temperatures. Our results indicate that the dimer 

formation gets favorable with increasing temperature as the hydrophobicity is increased. For the phenyl alanine 
system though, brute force simulations were used with five peptide chains. The results showed that for these 
simulations, while arginine systems showed significant tendency to form aggregate, the glutamic acid systems 
showed very little aggregation propensity. The cause of this behavior was found to be the cation-pi interaction for 
arginine system. We probe the role of water and ions also for these processes. Our results will be useful in designing 
better systems that can spontaneously undergo aggregation for numerous biological purposes. 
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Abstract: Development of synthetic polypeptides with functional diversity through amino acid N-
carboxyanhydride (NCA) ring-opening polymerization is the important area of research among the polymer 
scientists over many years as they are structurally and functionally similar to natural proteins. Insertion of 
chemical functionalities to introduce stimuli-responsiveness is one of the key areas to develop such 
polypeptides with specific activities. Therefore, in this study, we design a new NCA monomer based on 
acryloyl functionalized L-serine and its subsequent ring-opening polymerization (ROP) to obtain 
poly(acryloyl-L-serine) [P(Ac-Ser)]. The as-synthesized P(Ac-Ser) is then functionalized with L-cysteine to 
produces a zwitterionic polymer by grafting onto technique.   The formed P(Ac-Ser)-g-Cys exhibits a 
reversible dual pH and upper critical solution temperature (UCST)-type thermoresponsiveness in aqueous 
medium with tunable cloud point with respect to solution pH and polymer concentration. The grafting of 
P(Ac-Ser) with triethyleneglycol monomethylether thiol (mTEG-SH) yields a thermoresponsive copolymer, 
which shows a lower critical solution temperature (LCST)-type phase transition. Cloud point tuning is 
possible through the variation of polymer concentration. This amphiphilic copolymer self-assembles in 
aqueous solution to generate nanostructured micelles as confirmed from dynamic light scattering (DLS) 
and transmission electron microscopy (TEM). P(Ac-Ser) with pendent vinyl groups are reacted with 1,6-
hexane dithiol (HDT) and pentaerythritol(tetrakis-3-mercaptopropionate) (PETMP) crosslinkers to produce 
two different types of polypeptide gels with a very high degree of swelling capacity in organic medium. An 
as-synthesized cationic crosslinker, 1-vinylimidazole-vinylbenzyl chloride ([VIm-VBC] [Cl]) is also used in 
combination with AIBN to prepare another polypeptide hydrogel CP(Ac-Ser)-[VIm-VBC] [Cl]. The presence 
of the positively charged imidazolium moiety lead to the formation of a super-absorbing hydrogel, which 
could be used for absorbing dye from aqueous solution. 
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Synthetic polypeptides are inherently biocompatible and biodegradable and show high self-assembly 
capability causing different secondary structures as well as different nanostructures. Proper 
functionalization of the synthetic polypeptides results in the formation of bioinspired materials with 
interesting properties useful for several application in the field of drug/gene delivery, tissue engineering 
etc. Thus, this work focuses on the synthesis of reactive side-chain functional poly(L-glutamate) and its 
functionalization with the long chain alkyl group to introduce semi-crystalline property as well as various 
solution-phase properties such as thermoresponsiveness, self-aggregation etc. Poly(L-glutamate) with 
pendant propargyl group (P(Glu-Pr) is first synthesized by ring-opening polymerization (ROP) of the as-
synthesized γ-propargyl L-glutamate (Glu-Pr) N-carboxyanhydride (NCA). The grafting of alkyl (C=12, 16, 
20)-azide(s) with the pendant propargyl group of P(Glu-Pr) through the Cu-catalyzed alkyne-azide 
cycloaddition (Cu-AAC) reaction gives long chain alkyl grafted poly(L-glutamate)(s) (PG-C12/16/20). The 
control samples, long chain alkyl group functionalized L-glutamate(s) (Glu-C12/16/20) are also prepared by 
the same method. P(Glu-Pr)) and alkyl chain grafted PG-C12/16/20 show β-sheet and random coil type 
secondary structures in both solution phase (THF) and solid state respectively. Glu-C12/16/20 show excellent 
crystallinity due to the presence of the long alkyl chain, whereas PG-C12/16/20 show poor crystallinity as 
confirmed from DSC and POM study. PG-C12/16/20 show upper critical solution temperature (UCST)-type 
thermoresponsiveness in CHCl3 and THF with tunable cloud points, but no such behaviour is observed for 
Glu-C12/16/20. Self-assembly of PG-C12/16/20 in different organic solvents (CHCl3, THF) generates spherical 
nanoaggregates. These nanoaggregates can encapsulate the organic dye molecule (Eosin B) as monitored 
through fluorescence and confocal microscopy.  
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LMWGs (low molecular weight gelator) derived from amino acids and peptides, particularly the drug-
peptide derivatives, are well-known to self assemble into stable hydrogels1. But most literature examples 
include covalent linkage of the drug to the peptide and the hydrogelation process also requires pH 
adjustments or solvent-switch techniques to deal with the hydrophobicities of such systems2. Our study 
focuses on a non-covalent conjugation of highly water-soluble biogenic amines with relatively hydrophobic 
N-protected amino acids and dipeptides by simple and highly quantitative organic salt formation  (PAM) to 
induce a critical balance required for gelation. In the context of crystal engineering, Primary Ammonium 
Monocarboxylate (PAM) based supramolecular synthons are well established as gel-inducing building-
blocks3. FmocFF-T and FmocFF-M, two organic salts derived from a well-known hydrogelator FmocFF4,  
gave pure water hydrogels readily by heat-cool method. Gels were characterised by vial-inversion, rheology 
and TEM. Deep insights of gelation mechanism is explored by SXRD, PXRD and Temperature-dependent 
1HNMR. Anti-bacterial studies, biocompatibility and rheoreversibility test peformed for FmocFF-M 
hydrogel suggests its potential application as an anti-bacterial topical gel. 
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Scheme 1: Schematic representation of the work demonstrated here. 

Zn(II)-Coordination complex-based metallogelators designed using non-stereoidal anti-inflammatory drugs 
(NSAIDs) as a co-ligand to find their biomedical application. Zn(II)-coordination complexes were designed 
using various non-steroidal anti-inflammatory drugs (NSAIDs) namely naproxen (NAP), diclofenac (DIC), 
ibuprofen (IBU), meclofenamic acid (MEC), flufenamic acid (FLU), flurbiprofen (FLR) with Zn(II) metal salts 
and two different co-ligands, namely 2-pyridyl benzimidazole (PBZ) and benzimidazole (BZ) as potential 
supramolecular gelators. There are four out of nine metallogelators, able to produce aqueous 
(DMSO:water = 1:1) gel (PBZNAPG, PBZDICG, PBZMECG, PBZIBUG). As revealed from single crystal 
structures of the coordination complexes, there are gelation inducing hydrogen-bonding network present 
to support the design principle based on which all these metallogelators were derived. Interestingly, 
PBZMECG showed better anti-cancer property against murine melanoma cell (B16-F10) by MTT and cell 
migration assay as well as anti-bacterial property against Escherichia coli by zone inhibition assay (Scheme 
1). 
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Strasseriolide A is known to exhibit potent antimalarial activity.1Architecturally it is an 18-membered 
macrolide bearing five methyl centers, two trisubstituted trans-alkenes, and a free carboxylic acid.1  
Attractive structural features, promising bioactivity, and the natural scarcity of this macrolide together with 
our long association with natural product chemistry prompted us to envisage its chemical synthesis. 
synthesis. A convergent approach has been adopted for its total synthesis.2 The salient features of this 
synthesis include Co(BH4)2-mediated selective reduction of conjugated olefin, Crimmins propionate aldol, 
Evans alkylation, intermolecular Horner–Wadsworth–Emmons olefination, Yamaguchi macrolactonization, 
and selective saponification of ester moiety in the presence of a lactone functionality. The natural product 
has been successfully synthesized from known compound in 22 linear steps with 1% overall yield. 
The 13C{1H} NMR data of strasseriolide A were found to be very sensitive to its solution concentration. 
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                Natural product served as important sources for powerful therapeutics against pathogenic 
microbes by virtue of their lethal and selective action. Therefore, development of synthetic routes to access 
these useful natural products are always important to understand them in details. Hertweck and co-
workers in 2008 and 2010 have isolated novel polyketide natural product thailandamide A1 and its 
genetically engineered analogue thailandamde lactone2. Broad biological screening of thailandamide A 
revealed its selective and potential inhibitory activity against different pathogenic Gram-positive and 
Gram-negative bacteria with specific mode of action. However, the antibacterial activity of thailandamide 
lactone remained undisclosed. Highly challenging architectural features, natural scarcity, lack of synthetic 
route together with our continual interest in natural products chemistry encouraged us to envisage the 
total synthesis of thailandamide lactone as well as evaluation of its antibacterial potential. In this 
presentation, the state of art associated with the first asymmetric total synthesis of bioactive genetically 
engineered natural product thailaandamide lactone will be discussed.3  
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The effect of surface modes vibrations on H2/D2 scattering from a Cu(111) surface at different 
temperatures is being explored for hydrogen/deuterium molecules in their rovibrational ground state (v = 
0, j = 0). We assume weakly correlated interactions between molecular degrees of freedom and 
surface vibrational modes through a Hartree product type wavefunction [1]. While constructing the six-
dimensional effective Hamiltonian, we employ (a) a chemically accurate potential energy surface according 
to the static corrugation model [2]; (b) normal mode frequencies and displacement vectors calculated with 
different surface atom interaction potentials [3-5] within a cluster approximation; and (c) initial state 
distributions for the vibrational modes according to Bose–Einstein probability factors. We perform 6D 
quantum dynamics [6] with the so-constructed effective Hamiltonian and calculate sticking and state-to-
state scattering probabilities. The surface mode vibrations affect the chemisorption dynamics. The 
results display physically meaningful trends for both reaction as well as scattering probabilities compared 
to experimental [7] and other theoretical [2] results. 
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Antifreeze proteins (AFPs) show thermal hysteresis through specific interaction with the ice crystal[1,2]. 
The ice-binding surface (IBS) topology and residue preferences are different between globular AFPs and 
hyperactive AFPs[3,4]. We have explored the hydration water ordering and its temperature and length-
scale dependencies for type-III AFPs, and the results are compared with hyperactive AFP and non-AFPs. 
The hydration layer of the IBS of globular AFP is semiclathrate-like, which is different from the hyperactive 
AFPs, as it is reported to be ice-like[5]. In a similar environment, the solvation water surrounding the non-
ice-binding surface (non-IBS) is mostly liquid-like[6]. We also find that the amino acid compositions and 
their spatial distribution on the non-IBS are markedly different from those of the IBS and non-AFP surfaces. 
Protein–water hydrogen bonding patterns between the IBS and non-IBS of AFP are also different. These 
observations elucidate the combined role of IBS and non-IBS in ice-growth inhibition. The different nature 
of the first solvation shell water ordering around the IBS of type-III AFP and hyperactive insect AFP 
implicates a differential design of IBS that may account for their observed difference in antifreeze activity. 
The mechanism of  ice growth inhibition by type III AFP and SbwAFP is also being explored by molecular 
dynamics simulations. We have observed that irrespective of AFP and non-AFP,  at low surface coverage 
the ice grows steadily around the protein by engulfing it. But at an active surface coverage range the protein 
can inhibit the ice growth depending upon the two factors i.e, binding kinetics and ice growth kinetics. 
Mostly AFPs have strong binding affinity which facilate its ice-growth inhibition than non-AFP. Strong 
binding affinity by AFPs help them to show irreversible binding followed by non-colligative pathway where 
as slow or weak binding by non-AFPs follows colligative pathways and leads to an expulsion. 
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2. M. Bar Dolev, I. Braslavsky, P. L. Davies, Annu. Rev. Biochem. 2016,85, 515. 
3. S. Chakraborty, B. Jana, Langmuir 2017, 33 (28), 7202-7214 . 
4. S. Chakraborty, B. Jana, Phys. Chem. Chem. Phys. 2017, 19, 11678. 
5. P. Pal, S. Chakraborty, B. Jana, J. Phys. Chem. B .2020, 124 (23), 4686-4696 
6. P. Pal, S. Chakraborty, B. Jana. Adv. Theory Simul. 2021, DOI- 10.1002/adts.202100090. 
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Zinc is an essential element for the growth and wellbeing of living organisms and zinc thiolates are common 
motifs in biological systems. There are a large number of mononuclear Zn(II) complexes with thiolate ligand 
and relatively less number of such complexes with hydrosulfide/polysulfide ligands. However, binuclear 
Zn(II)-thiolate complexes and their reactivity are much less explored while binuclear Zn(II)-polysulfido 
complexes are nonexistent. Here, we present the synthesis of a binuclear Zn(II)-bis(benzenethiolate) 
complex and its two-electron redox reaction with elemental sulfur (S8) to yield an unprecedented binuclear 
Zn(II)-pentasulfido complex. The reaction of the binuclear Zn(II)-pentasulfido complex with 
triphenylphosphine (PPh3) or diphenylphosphinoethane (DPPE) generates a mixture of Zn(II) complexes 
featuring polysulfido chains of various sizes (Sn2⁻, n = 2, 3, 4) and one such  complex, (n = 4), could further 
be characterized by a molecular structure determination. Proteolysis reactions of the coordinated S52⁻ 
chain allowed access to more of new binuclear Zn(II) complexes, while the protonated S52⁻ chain liberated 
elemental sulfur and H2S. Finally, transfer of the coordinated benzenethiolate ligands and the S52⁻ chain to 
selected organic compounds for the generation of organosulfur compounds has been demonstrated.1 

 

 

 

 

 

Keywords: organosulfur; redox; sulfur; synthesis; thiolates. 

1.   Hossain, K.; Majumdar, A.* Inorg. Chem. 2022, 61, 6295-6310. 

 

  

mailto:cskh2263@iacs.res.in


InAdvanCS-2023 
 

Catalytic Hydrolysis of Thiolates to Alcohols 

Tuhin Ganguly, Anuj Baran Chakraborty, and Amit Majumdar* 
Indian Association for the Cultivation of Science, Kolkata-700032, India 

Email: csabc2339@iacs.res.in 

Desulfurization of organosulfur compounds is a highly important reaction due to its relevance to the 
hydrodesulfurization process of fossil fuels, which removes sulfur from crude oil as H2S with the aid of a molybdenum 
sulfide-cobalt catalyst at high pressure and temperature. A reaction system involving Co(BF4)2·6H2O and a 
dinucleating ligand, HPhBIMP, had been developed earlier by Ganguly et al.1, which could stoichiometrically 
desulfurize a series of thiophenes, sulfides and thiols to generate the compound  [Co2(PhBIMP)(μ2-
SH)(DMF)](BF4)2(1), while the organosulfur substrates were mostly converted to the corresponding alcohols/phenols. 
The product of this stoichiometric reaction, complex 1, may act as an efficient catalyst for the catalytic hydrolysis of 
a broad range of aliphatic and aromatic thiolates in DMF at room temperature to produce alcohols/phenols. Complex 
1 takes up a thiolate (RS−) and a water molecule to generate an active intermediate complex, [Co2(PhBIMP)(μ2-
SH)(RS)(H2O)]1+ (2), which, in turn, releases the alcohol/phenol (ROH), hydrosulfide (HS−), and regenerates 12. The 
generation of intermediate complex 2 was characterized by HRMS while the regeneration of catalyst (1) was 
confirmed by SC-XRD and HRMS studies. The amount of alcohols/phenols produced were measured using Gas 
Chromatographic method. The decomposition of the catalyst has also been investigated and the decomposition 
products were identified by mass spectrometry while the amount of hydrosulfide generated in the catalytic process 
was quantified using gravimetric analysis. 

 

 

 

Figure 1. Co(II) mediated catalytic desulfurization of organosulfur substrates. 

 

1) Ganguly, T.; Das, A.; Jana, M.; Majumdar, A*. Inorg.Chem., 2018, 57, 18, 11306-11309. 

2) Ganguly, T.; Bera, A.; Chakraborty, A. B.; Majumdar, A.* Inorg.Chem., 2022, 61, 19, 7377–7386. 
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Transition metal complexes containing thiolate and sulfide/hydrosulfide ligands have fascinated inorganic 
chemists since a very long time due to their presence in the active sites of numerous enzymes as well as 
owing to their role in mediating significant biochemical transformations.[1] Many essential enzymes include 
first-row transition metals in their active sites, and these sites frequently have metal-sulfur complexes with 
two or more structurally distinct pieces joined together by one or more covalent bridges.[2] An unusual 
mononuclear cobalt(III)-pentasulfido compound, [(L)Co(S5)] (3) has been synthesized by a unique redox 
convergent reaction between elemental sulfur and two novel cobalt(II)-thiolato compounds, [(L)Co(SR)] (R 
= Ph, 2a; 2,6-Me2-C6H4, 2b), which in turn was synthesized from a dimeric cobalt(II) complex, [(L)2Co2]2+ (1). 
Compound 3 features a low spin, diamagnetic, Co(III) centre with a coordinated pentasulfido (S52⁻) chain 
and has no precedence in the literature. Compound 3 is highly stable towards reduction with a potential of 
-1.36 V (vs. Cp2Fe+/Cp2Fe) and yields 1 upon chemical/electrochemical reduction. Reaction of 3 with 
phosphines yields back 1 and phosphine sulfides, while protonation of the coordinated S52⁻ chain in 3 leads 
to the formation of 1, elemental sulfur and H2S. Finally, it has been shown that the coordinated S52⁻ chain 
from 3 may be transferred to a few organic compounds, including MeI, PhCH2Br, and PhCOCl, to synthesize 
organopolysulfido compounds.  

 

 
[1] (a) R. H. Holm, P. Kennepohl, E. I. Solomon, Chemical Reviews 1996, 96, 2239-2314; (b) J. A. Ibers, R. H. Holm, 

Science 1980, 209, 223-235. 

[2] (a) S. Groysman, R. H. Holm, Biochemistry 2009, 48, 2310-2320; (b) D. C. Rees, Annual Review of Biochemistry 
2002, 71, 221-246. 
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Theoretically “exact” and numerically “accurate” Beyond Born–Oppenheimer (BBO) treatment [1-3] is 
implemented to construct diabatic potential energy surfaces (PESs) for several aromatic species, namely 
C6H6+ [4,5],1,3,5-C6H3F3+ [6,7], C4N2H4 [8] and 1,2-C6H4F2+ molecules over a series of two-dimensional (2D) 
nuclear planes to include all possible nonadiabatic interactions among the low-lying electronic states. 
While computing the adiabatic PESs and nonadiabatic coupling terms (NACTs), we employ MRCI and CP-
MCSCF methodologies as implemented in MOLPRO quantum chemistry software. Once are ab initio 
quantities (adiabatic PESs and NACTs) are obtained, those are used to construct single-valued, smooth, 
symmetric and continuous diabatic surface matrices for carrying out multi-state multi-mode nuclear 
dynamics with the help of time-dependent discrete variable representation (TDDVR) methodology to 
compute the photoelectron (PE)/photoabsorption (PA) spectra of the titled systems. In every case, our 
theoretically calculated spectra using BBO treatment and TDDVR dynamics show peak by peak 
correspondence with the experimental results as well as better than the findings of the multi-configuration 
time-dependent Hartree (MCTDH) method. 
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Materials which contract on heating (negative thermal expansion, NTE) are of significant interest for 
advanced applications in heat devices, energy storage and energy conversion materials. The tremendous 
progress in synthesis and characterization of atomically thin materials has resulted in discovery of a large 
number of Graphene analogs. Experiment and Theory both proved the stability of those structures upto 
very high temperature range. Graphene has shown NTE up to 1000 K, which motivates further 
improvements in two-dimensional carbon to attain superior performance. Quasi harmonic approximation, 
Rigid unit mode study and Ab-initio molecular dynamics calculations show us Tri-graphene1 and T-
graphene2 (Two Carbon allotropes, analogs of graphene) show extremely high NTE even beyond 1000K. 
Various Graphyhnes1 ( α, β, γ, δ ) which have Sp + Sp2 hybridized carbons in their structures also show NTE 
upto a very high temperature. At higher temperature few acoustic modes (Transverse out-of-plane and in-
plane, Longitudinal) dominate. These are called Rigid-unit-modes (RUMs). The local distortions for the rings 
have structural resemblance with the RUMs that are usually envisioned for bulk 3D systems. 
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Synthesizing N-confused porphodimethenes/porphomonomethenes with meso-aryl substituents 

remains challenging owing to inherent chemical instability caused by loss of superimposition of the 

possible -conjugation networks. Thus, the first part of the poster reveals new convergent synthetic 

methodologies for arriving at variants of hitherto unknown new generation of core-modified N-

confused calixphyrins with , and/or ,-pyrrole connectivities, their conformational analyses and 

electronic properties.1 The attraction of fluorescent sensors derives from their superior sensitivity 

and low detection limitations compared to other spectroscopic techniques.2 Thus, the second part of 

the poster reveals retrosynthetically designed and synthesized luminescent ethynylene linked 

calix[6]phyrins where the steric crowding by phenanthrene fused pyrrole moieties and increasing the 

number of sp3 meso-carbons have restricted the intramolecular rotations and hence inducing an AIEE 

effect while the highly stable single conformer core-modified ethynylene-cumulene linked expanded 

phlorinoid exhibited ACQ features owing to conformational flexibilities. The AIEE and ACQ features 

have been unravelled based on Spectroscopic studies, UHR-FEG-TEM experiments and DFT level 

theoretical studies. 3  
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Change in metal oxidation states from “normal” M(II) to M(III) or M(IV) is of paramount interest, 

and a variety of uses for the resulting materials in the areas of, for instance, electron transfer 

and/or magnetic switching studies could be contemplated.1 This poster reveals the diamagnetic near 

square planar copper complex of doubly N-confused porphyrinoid exhibiting the atypical +3 oxidation state 

of copper via double inner CH activation, five coordinated square pyramidal Pd (II) organometallic complex 

via CH bond activation with simultaneous agostic interaction,  and the [16]  antiaromatic Nickel(II)-doubly 

N-confused porphyrinoid via double CH bond activations. The conformational preorganization and 

metallation induced conformational reorganization owing to the formation of M-C bond formations by 

nickel, palladium and copper -doubly N-confused porphyrinoids have been thoroughly investigated by 

various spectroscopic techniques and in-depth density functional theory calculations. The HOMA, NICS (1) 

and ∑NICS (1) clearly explain strong macrocyclic aromaticity(antiaromaticity).2 
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Metal ions play important roles in many industrial and biochemical processes, and thus it is highly desired 

to detect them in the relevant systems.1,2 Receptors with linear geometries are confirmationally more 

fluxional thereby more viable to fit the size and shape of the cations. This work focuses on cation responsive 

N-Confused tripyrromonomethene3 interaction with various cations like Pd2+/Pb2+/Cu2+ in organic media 

with AIEE/ACQ phenomena. Chelation induced AIEE and ACQ phenomena were supported by FEG-TEM 

figures and spectroscopic studies. 
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Elucidation of melanin structure by experimental approaches faced continuous adversity due to its extreme 
heterogeneity. Eumelanin, one of the variants of melanin, is best known for its photo-protective properties 
and is characterized by a broadband featureless absorption spectrum spanning most of the UV and visible 
region of light. Although there are several computational studies to address the seriosity of structural 
heterogeneity in the absorption spectrum, a complete structure-property relationship is still missing. Here 
we propose a data-driven and machine learning modelling of melanin spectra to arrive at a clear picture of 
its underlying chemistry. 
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Singlet fission (SF) can be a pathway to circumvent the energy loss as heat in conventional Si-based solar 
cells [1]. Therefore, organic chromophores (acenes and polyenes), that show singlet fission, when used in 
Si-based solar cell increase the efficiency. Considering the present scenario of huge global energy demand, 
it has been a very active research area. Detailed mechanistic study of such phenomenon can lead to 
designing principles focussing on the factors that lead to singlet fission. So, in our work we focus on 
polyenes to know how the SF process occurs in their aggregates and to explain some seemingly unlikely 
events like SF in solution and amorphous form of carotenoids [2]. 

 
Probable pathways for SF to occur are determined 
depending on the values of the inter-state couplings 
which largely depends on relative orientation of the 
molecules. It is seen that SF in polyenes follow 
indirect pathways and mostly charge transfer (CT) 
mediated state plays a major role in conduiting the 
molecule to finally attain the triplet pair state from 
the excited singlet state. Availability of multiple 
pathways and that for less ordered conformations 
also explains the phenomenon to take place even in 
non-crystalline form. Thus, it can be claimed that 
effects that increase the interaction between the CT-
mediated state with the excited singlet will enhance 
the probability of SF in polyenes[3].     
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Figure 1. An overall schematic representation for 
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Jaundice in newborn babies is common owing to increase of bilirubin level in the blood serum, and 
phototherapy with blue-green light is the standard choice of treatment since its discovery in 1950’s. The 
idea of blue light therapy is to convert bilirubin, a degraded product of haemoglobin, to a form that can be 
broken down easily by the liver to an excretable product.  Much studies have been devoted in the past 
several decades to understand the photochemical fate of bilirubin, including oxidation to biliverdin and 
rearrangement to lumirubin.  In the present study we aimed to identify the photoproducts, produced upon 
irradiation of an aqueous solution of bilirubin at the biological pH (7.4), by means of ion mobility mass 
spectrometry coupled with high performance liquid chromatography.  We report here, first time to our 
knowledge, occurrence of a new photochemical reaction, resulting in production of a dimeric species of 
biliverdin as a major reaction channel. Three-dimensional shape of the photo-dimeric product is proposed 
here based on an integrated method of the measurement of the collision cross section value of the 
protonated ions in a drift-tube ion mobility apparatus and the prediction of the electronic structure theory 
calculation.  
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Gaseous nitrous acid (HONO) is one of the major precursors of the daytime hydroxyl radical (•OH), which 
is known as the atmospheric detergent for the removal of methane and carbon monoxide from the 
atmosphere.  A comparison of the atmospheric abundances of HONO obtained from the field measurement 
data with that predicted by the atmospheric models reveals that there are still unknown sources that 
contribute to atmospheric HONO.  We report of a potential new atmospheric source of HONO, produced 
via gas-phase reaction of   hydroxyacetone(CH3C(O)CH2OH)with NO2 emitted primarily by anthropogenic 
activities. The primary atmospheric source of hydroxyacetone is the oxidation of isoprene and biomass 
burning. The details of the finding will be presented in the poster. 
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We elucidate here the phenomenon of chirality transfer via non-covalent solute-solvent interaction of a 
chiral molecule, S(-)-4-methoxymethyl-1,3-dioxolan-2-one (S methoxy PC), a derivative of propylene 
carbonate, dissolved in DMSO-d6.  Vibrational Circular Dichroism (VCD) spectroscopy that measures the 
difference in absorption of the left and right circularly polarized infrared light in the mid-infrared range has 
been used to demonstrate the phenomenon.  It has been observed that the C-D stretching modes of DMSO-
d6 became VCD active in the solution of S methoxy PC.  The details of the findings will be presented in the 
poster. 
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2nd Sphere Hydrogen Bond Donors and Acceptors Affect the Rate and Selectivity of 
Electrochemical Oxygen Reduction by Iron Porphyrins Differently 
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Dey* 

School of Chemical Sciences, Indian Association for the Cultivation of Science, Kolkata-700032 
 

The factors that control the rate and selectivity of 4e-/4H+ O2 reduction is important for efficient energy 
transformation as well as for understanding the terminal step of respiration in aerobic organisms. Inspired 
by the design of naturally occurring enzymes which are efficient catalysts for O2 and H2O2 reduction, 
several artificial systems have been generated where different 2nd sphere residues have been installed to 
enhance the rate and efficiency of the 4e-/4H+ O2 reduction. These include hydrogen bonding residues like 
amines, carboxylates, ether, amides, phenols etc. In some cases, improvements in the catalysis where 
recorded whereas in some cases improvements were marginal or non-existent.  In this work we use an iron 
porphyrin complex with pendant 1,10-phenanthroline residues which show a pH dependent variation of 
rate of electrochemical O2 reduction reaction (ORR) over two orders of magnitude. In situ surface enhanced 
resonance Raman spectroscopy reveal the presence of different intermediates at different pH’s reflecting 
different rate determining steps at different pH’s. These data in conjunction with density functional theory 
calculations reveal that, when the distal 1,10-phenanthroline is neutral it acts as a hydrogen bond acceptor 
which stabilizes H2O (product) binding to the active FeII state and retards the reaction. However, when the 
1,10-phenanthroline is protonated, it acts as a hydrogen bonding donor which enhances O2 reduction by 
stabilizing FeIII-O2- and FeIII-OOH intermediates and activating the O-O bond for cleavage. Based on these 
data general guidelines for controlling the different possible rate determining steps in the complex multi-
step 4e-/4H+ ORR is developed and bio-inspired principle-based design of efficient electrochemical ORR is 
presented. 
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Superiority of Supramolecular Halogen bond Receptor over its H-bond Analogue towards 

Efficient Extraction of Perrhenate from Water 
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Email- icpg@iacs.res.in 

Radioactive waste disposal or their utilization as fuel is still in the very nascent stage of scientific and 
technical exploration. In recent times, the selective removal of the highly toxic and radioactive byproduct 
of the nuclear fuel industry has become one of the prime areas of research.1 In this context, the removal 
of radioactive pertechnetate (99TcO4-) from an aqueous medium has been widely investigated due to its 
long half-life (t1/2=2.13 x 105 years), high water solubility, and physiological toxicity.2 However, as the scope 
for direct study of 99TcO4- is limited due to its radioactive nature, therefore, perrhenate anion (ReO4-) has 
been widely used as its surrogate due to their identical geometry, similar size, and hydration energy. Due 
to larger size and low charge density, the selective recognition and removal of TcO4-/ReO4- anions pretend 
very challenging, especially after the accidental release of these anions into water medium. In this 
direction, herein we have reported an halogen bond based water soluble tetrapodal iodoimidazolium 
receptor, (L-I)(4Br) exhibited a high degree of efficiency (~ 96%) in extracting ReO4- from 100% aqueous 
medium within the wide range of concentrations and pH range along with excellent reusability.3 Solid state 
X-ray diffraction study showed the trapping of ReO4- by (L-I)(4Br) via Re-O⋅⋅⋅⋅I halogen bonding interaction. 
XPS studies also suggested the interaction between I and ReO4- through polarization of electron density of 
I atoms by ReO4-. (L-I)(4Br) is found to be capable of retaining its high extraction efficiency in presence of 
competing anions such as F-, Cl-, I-, SO42-, H2PO4-, CO32-, NO3-, BF4-, ClO4-, Cr2O72- and the mixture of these 
anions. Interestingly, (L-I)(4Br) was found to be superior in ReO4- extraction as compared to its hydrogen 
bond donor analogue, (L-H)(4Br) as confirmed by a series of control experiments and theoretical 
calculations. Our synthesized dipodal and tripodal halogen bond donor receptors and their H-analogues 
validated the superiority of these classes of supramolecular halogen bond donor receptors over their 
hydrogen bond analogues. (L-I)(4Br) also showed superior practical applicability in terms of removal of 
ReO4- at anion concentration as low as ∼100 ppm, which was a major shortcoming of (L-H)(4Br). 
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Sequestration in Anion Nanotraps with Record Pertechnetate sorption. Nat. Commun. 2019, 10, 1646. 
(3)  Ghosh, R.; Ghosh, T.K.; Pramanik, S.; Islam, A. B.; Ghosh, P. Superiority of Supramolecular Halogen bond Receptor over its H-
bond Analogue towards Efficient Extraction of Perrhenate from Water. ACS Appl. Mater. Interfaces 2022 (Just accepted). 
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Room temperature synthesis of 1, 3, 5-tri (Het) aryl benzene from nitroalkenes using 
Pd(OAc)2: Complete mechanistic and theoretical studies 
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Herein, room temperature catalytic pathway for 1,3,5-tri (Het)aryl derivatives from nitro alkenes using 
simple Pd(OAc)2 is presented. This newly developed C-C bond-forming methodology takes place in a 
cascade manner with the initial pallado-MBH type adduct. The broad substrates scopes, functional groups 
tolerance (ether, halo, alkene, O/S-heterocyclic) as well as different aryl substituted benzene derivatives 
make this synthetic methodology more attractive. Furthermore, the mechanistic understanding through 
isolation of intermediates and the DFT study of catalytic cycle provide complete insight into the 
methodology. 

 

NO2 Pd
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Merging Photocatalytic C–O Cross-Coupling for α-Oxycarbonyl-β-ketones: Esterification 

of Carboxylic Acids via a Decarboxylative Pathway 
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Herein, the first merged photocatalytic pathway for the C–O cross-coupled esterification of carboxylic acids 
to α-oxycarbonyl-β-ketones has been demonstrated. Decarboxylation of α,β-unsaturated acids promotes 
the formation of the β-ketone fragment of the desired product. Water as the source of oxygen for the 
ketone segment and aerial oxygen as an oxidant make the present synthetic methodology green and 
sustainable. This new C═O and C–O bond-forming methodology takes place in a cascade manner under a 
dual Ir/Pd-catalytic pathway, with the liberation of H2O and CO2 as the only byproducts. 
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Alzheimer’s disease (AD) is an incurable, terminal neurodegenerative disease that leads to moderate to 

severe senile dementia. The progressive memory loss and behavioural changes lead to increasing self-care 

problems of patients, making AD a major public health problem. The amyloid precursor protein (APP) and 

its neurotoxic cleavage product Aβ are key players in the development of Alzheimer's disease and appear 

essential for neuronal development and cell homeostasis in mammals. Our group has studied the active 

site environment and reactivities of heme-Aβ complexes in soluble oligomeric and aggregated forms 

relevant to AD. However, the pertinent question that remains unanswered is the fate of interaction of 

heme with membrane bound Aβ before the secretases exert their action on APP. Due to the complexity of 

biological membranes, simpler membrane-like systems are often used for detailed studies of Aβ 

interactions with membranes. Micelles are artificial mimics of membranes which are commonly used to 

extract and investigate the properties of membrane bound proteins and peptides. In membrane mimicking 

SDS (sodium dodecyl sulfate) micellar environment we found heme can bind Aβ. We have also 

characterized the active site environment and found that heme coordinates to a proximal histidine 

(preferentially His13) residue and trans axially coordinates to a distal water derived ligand in this SDS 

micellar medium. pH perturbation study and peroxidase assay shows Arg5 is a key residue hydrogen 

bonded with distal water responsible for enhanced peroxidase activity of heme. The His13 and 

Arg5 residues are both absent in rodents, which do not show AD, implicating the significance of these 

residues as well as heme in the pathology of AD even in the membrane bound form. 

 

 

 

 

 

 

 

 

Figure 1. Pictorial diagram of active site environment of heme-Aβ complex in SDS micellar medium. 
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Synthesis of Metalloporphyrins Mimicking Heme Active sites in Nature 
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School of Chemical Sciences, Indian Association for the Cultivation of Science 
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The metalloenzymes available in nature have several basic residues in distal pocket which plays significant 
roles in catalyzing several reactions. Study of those active sites and their catalytic activity in vivo becomes 
highly complicated as it involves many factors to be considered. So, logical designing and synthesis of model 
systems mimicking these active sites is an active area of research. Porphyrins are very well-known cofactors 
catalyzing several reactions in nature. This macrocycle provides a platform towards rational synthesis with 
backbone modification as well as introducing secondary structures. It is evident from natural enzymatic 
reactions that chemical modifications beyond the first coordination sphere can exert a profound influence 
on catalysis. Being inspired from these, a set of metalloporphyrins have been synthesized with the aim of 
logically placing groups forming the secondary coordination sphere which may participate in stabilizing the 
reactive intermediates through hydrogen bonding, electrostatic interactions etc and additionally as proton 
shuttle during the course of catalysis. Basic residues consisting of pyridine connected through amide bonds 
has been clipped to the porphyrin backbone. Also, several porphyrin active sites contain electron 
withdrawing functional groups (such as formyl, ketonic groups etc.) which affects the catalysis. In 
electrochemical catalysis point of view, these groups may help in reduction of overpotential involved. So, 
a model Fe-porphyrin complex containing four electron withdrawing groups and a second sphere pyridine 
moiety has been synthesized. Another set of porphyrins containing only second sphere pyridine residue 
have also been synthesized. 

 

 

Figure: Structures of the synthesized metalloporphyrins 
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Investigating the Role of Hydrophobicity, Ions and Water on Liquid-Liquid Phase 
Separation using Model Peptide Systems 
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Recent studies have found disoredered proteins within the corwded environment of a cell  to form 

membraneless organeles. This phenomena, known as liquid-liquid phase separation (LLPS) have been a 

topic of interest in the recent years due to their role in forming disease related structure formations. In this 

context, we have investigated model peptides having arnine or glutamic acid in the form of (RX)12 or (EX)12 

where X has been varied with glycine, alanine, proline and phenyl alanine. Using all-atom molecular 

dynamics simulation, and well-tempered metadynamics method to get proper sampling, we have obtained 

the free energy change of dimer formation for these peptides at high salt concentration and at different 

temperatures. Our results indicate that the dimer formation gets favorable with increasing temperature as 

the hydrophobicity is increased. For the phenyl alanine system though, brute force simulations were used 

with five peptide chains. The results showed that for these simulations, while arginine systems showed 

signifincat tendency to form aggregate, the glutamic acid systems showed very little aggregation 

propensity. The cause of this behavior was found to be the cation-pi interaction for arginine system. We 

probe the role of water and ions also for these processes. Our results will be useful in designing better 

systems that can spotaneously undergo aggregation for numerous biological purposes.  
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Oximes are privileged functional groups found in many biologically active compounds and they can be 

easily converted to a number of important functional groups.1 While many useful methods for the synthesis 

of oximes are reported using functionalized substrates, the catalytic and direct incorporation of oxime 

functional group at inert C(sp3)-H bonds remains the most appealing strategy for such compounds. The 

light-induced direct hydrogen atom transfer (HAT) catalysis emerges as a powerful strategy for selective 

incorporation of different functional groups at various C-H bonds.2 Recently, we have demonstrated that 

the photoexcited Na2EY can promote the incorporation of oxime ether functionality at the inert C(sp3)-H 

bonds of various feedstocks like ethers, amides, alcohols, amines and alkanes under mild conditions using 

air as the sole oxidant and blue LEDs as the energy source.3 In the poster, studies towards the reaction 

development, substrate scope evaluation, reaction mechanism and synthetic utility of the method will be 

presented. 
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In our laboratory we investigate the interactions between atoms and molecules in the temperature 
range of a few kelvin down to a few tens of mili-kelvin – this branch of physical chemistry is often referred 
to as cold chemistry. At this temperature regime the de Broglie wavelength 𝜆𝜆 (= h/p, where p is momentum 
of a species and h is Planck’s constant) becomes comparable to molecular dimensions; quantum effects, 
such as resonance, tunneling, quantum reflection, diffraction, start dominating the interaction between 
atoms and molecules and such effects become experimentally observable. A magnetically-aligned merged-
beam apparatus will be used to manipulate a supersonic beam of paramagnetic species such that its path 
is modified and it merges with a second straight supersonic beam. This merging occurs at zero-degree 
collision angle - the collision energy can go down to mili-kelvin regime if the velocity of the two beams are 
matched.2 3 We will use a combination of merged beam technique, supersonic expansion, ultra-high 
vacuum technique, velocity map imaging to monitor the interactions of atoms and molecules 
experimentally under the given conditions. The experiment will not only verify the quantum mechanical 
models (there is a severe dearth of experimental data at this temperature regime) but also help to probe 
the subtle features of the potential energy surfaces. The conditions of the experiment align with the 
environment of interstellar medium and upper atmosphere, thus investigating such reactions will also help 
us understand the rich gas-phase chemistry occurring in the interstellar medium and upper atmosphere.  
We plan to study the following astrochemically-relevant reactions: 𝐶𝐶 +  𝑁𝑁𝑁𝑁 →  𝐶𝐶𝑁𝑁 +  𝑁𝑁, 𝑁𝑁 +  𝑁𝑁𝑁𝑁 →  𝑁𝑁2  +
 𝑁𝑁, 𝑁𝑁𝑂𝑂 +  𝑂𝑂2 →  𝑂𝑂2𝑁𝑁 +  𝑂𝑂, 𝑁𝑁𝑂𝑂 +  𝐶𝐶𝑁𝑁 →  𝐶𝐶𝑁𝑁2  +  𝑂𝑂. 

 

 
2 A. B. Henson, S. Gersten, Y. Shagam, J. Narevicius, E. N. Science 338, 234–239 (2012) 

3 Paliwal, P., Deb, N., Reich, D., Koch, C. & Narevicius, E.  Nat. Chem. 13, 94 (2021) 

 

Fig. 1 | Cross section view of the experimental apparatus designed by our own group 
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