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Bulbostylis maritima—A new species of Cyperaceae from coastal Kerala, India
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Abstract

Bulbostylis maritima (Cyperaceae) is described as a new species along with colour photograph, illustration and SEM
micrographs of achene surface. It is closely allied to B. subspinescens and B. barbata, but differs by a combination of
characters, mainly by the densely tubercled achenes, presence of prominent cavities on the rachilla, prominently ciliate
bracteoles at the base of spikelets and a knee-like swelling towards base of the glumes.

Keywords: Ernakulam, Novelty, Taxonomy

Introduction

The genus Bulbostylis Kunth (1837: 205) of family Cyperaceae is characterized by the achenes crowned by a persistent,
button-like style-base. It comprises 219 species, distributed mainly in the tropical and subtropical regions of the world
(Govaerts et al. 2019). In India, the genus is represented only by five species (Karthikeyan ef al. 1989).

During the floristic studies in Ernakulam district of Kerala, the authors collected few interesting specimens
of Bulbostylis from the Munambam sea coast. A critical study of the materials and perusal of literature (Clarke
1893, Cooke 1908, Fischer 1931, Prasad & Singh 2002, Wadoodkhan 2015) revealed that the plant is allied to B.
subspinescens C.B. Clarke (1893: 652) and B. barbata (Rottb. 1773: 52) C.B. Clarke (1893: 651) by means of its habit
and head inflorescence but differs in many attributes (Table 1). Therefore, this taxon is described and illustrated here
as Bulbostylis maritima sp. nov.

TABLE 1. Comparison of diagnostic characters of Bulbostylis maritima with B. barbata and B. subspinescens.

Characters Bulbostylis barbata B. subspinescens B. maritima
Culms glabrous, often setaceous hispid-hairy glabrous
Spikelets 7-15-flowered 5-9-flowered 4-7-flowered

retuse at apex, 2.8—4.5 mm long,
acute at apex, 1.5-2.25 mm long, acute at apex, 2-2.5 mm long, o ) . -
. L . ) hispid-hairy; keel with a knee-like
Glumes glabrous or slightly puberulous; keel densely hispid-hairy; keel without . . .
swelling at base at the joint with the

without a knee-like swelling at base a knee-like swelling at base .
hardened wings
. . . with prominent cavities formed by the
Rachilla narrowly winged narrowly winged ) .
somewhat thick wings
Stamen(s) 1; anther 0.3—0.7 mm long 3; anthers c. 0.9 mm long 3; anthers 1-1.3 mm long
. obovoid to oblong-obovoid, c. )
obovoid, 0.5-0.7 x 0.4-0.6 mm, . broadly obovoid, 0.6-0.8 x 0.5-0.7
) o ) 0.9 x ¢. 0.6 mm, epidermal cells )
Achenes epidermal cells distinct with o L mm, epidermal cells obscure,
o . distinct with irregular cells, not .
isodiametric cells, not tubercled prominently tubercled
tubercled
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Flood Impact on Water Quality Parameters at
Vadekkekara Panchayath-A Brief Study

Cibi Komalan®, Aswathy Chandran®, Athira K. S
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Abstract: In this work we carried out a brief study of water sample analysis after a torrential rain accompanied by a flash flood
in August 2018 in Vadekkekara Panchayath in Ernakulam district which is one of the most flood hit areas in Kerala where our
educational institution is situated. Our aim is to analyse the change in the quality of the water in different water sources after the
flash flood. Water samples from tap, well and pond were collected and analysed for fifteen physio-chemical parameters for
assessing the quality of water. The results obtained were then compared with Indian Standard Drinking Water specification IS:
10500-2012 and before flood analysed water sample values. The study of physico-chemical and biological characteristics of
water sample suggests that water quality analysis must be carried out periodically before treatment to protect the water resources.
Keywords: Flood, Water samples, water quality, water pollution, Physio-chemical parameters

L. INTRODUCTION

Flood is one of the worst natural disasters. In August 2018 Kerala experienced a high rain fall, which resulted in severe flooding in
13 districts of Kerala. Flood mapping of Meloor Panchayat in Kerala was done by Joy et al[1]. The composition of suspended
sediments in the water bodies dramatically changed during this period because of the high speed of flow of water. As a result vast
amount of sediment get deposited on the banks of the flooded rivers. Sediment transport during flood in the water bodies has proved
to be one of the major contributors to poor water quality. It is the hour of the need to check regularly the quality of the water from
different sources to ensure the potability of water. Impact of a flood disaster on sediment toxicity and water quality is studied by
various researchers [2-8]. Recently inter-relationship between flood water quality, surface water quality, and human health in urban
areas in China was studied by Yuhan Rui et al.[9]. Rahmanian et al [10] collected samples from different residential and
commercial areas of Perak state in Malaysia and were found to be within the recommended limits of WHO. Rubao Sun et al. [11]
carried out a case study on nine water samples in three rural villages close to Beijing after torrential rain on July 21, 2012 and found
out that most of the parameters exceeded the recommended thresholds and unfit for drinking purposes. A change in the quality of
river water before, during and after a major flood for drinking purposes was studied by Murshed et al. [12]. Devangee shukla et al.
[13] made a comparative study of the quality of water from different sources in Ahamadabad and concluded that Potable water and
Habited water in the particular study area of Ahamadabad are ecologically balanced and free from pollution.

1. MATERIALS AND METHODS

A. Description of Study Area

In the present study, water samples were collected selectively from Maliankara in VVadakkekara Panchayath of Ernakulam district,
Kerala. Maliankara is located in the north-west corner of Ernakulam district where the Periyar River ends in the Arabian sea. It is
spread over an area of about 45 acres having the coordinates 10.1813°N, 76.1943°E. The soil generally range from loam to clay
loam and sticky in nature. The climate is generally tropical, heavy rain fall from the southwest and northeast monsoon are common
from June to September. The average annual rainfall is about 2250-2500mm. Most of the people in vadekkekara Panchayath is using
pond and well water for their day to day activities. Tap water is the main drinking water source for the population of the region

Image: Map of the study area and sample Sites
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Curcumin loaded lipid-polymer hybrid nanoparticles dispersions were fabricated from carboxymethylcellulose,
stearic acid, polyethylene glycol and sesame oil using emulsion solvent evaporation method for their possible ap-
plication as edible coatings for fresh vegetables and fruits. They were characterized by FTIR and TEM analysis. In
addition, anti-bacterial, blood compatibility, cytotoxicity and anticancer studies were also carried out. The pre-
pared nanodispersions showed excellent mixed nanostructured morphology with an average size of 94.96 nm.
The hybrid nanodispersions showed excellent blood compatibility, non-toxicity and antitumor activity. The syn-
thesized nanoparticle dispersion was employed as an edible coating solution for fresh apples and tomatoes. The
hybrid system coated vegetables and fruits shows minimal weight loss after 15 days of storage. Hence, the formu-
lated hybrid nanostructures of CMC are promising as edible coating solution, in addition to possessing the prop-

Keywords:
Carboxymethylcellulose
Anti-cancer activity
Edible coating

Curcumin, drug delivery erties to fight cancer.

© 2020 Published by Elsevier B.V.

1. Introduction

Multifunctional edible nanoformulations can act as coating of fresh
produce, as well as efficient carriers for pharmaceuticals, and phyto-
chemicals [1]. Simple mixing or double emulsion technologies can be
employed for this purpose. In this study, Carboxy methyl cellulose
(CMC), with a hydrophobic backbone and hydrophilic carboxyl groups
was successfully employed for nanoformulation preparation. In food in-
dustry, CMC, one of the hydrophilic derivatives of cellulose, finds broad
applications in the pharmaceutical field as well as in edible food coating
films. Due to its excellent biocompatibility, edibility and stability, CMC

* Correspondence to: N. Kalarikkal, School of Pure and Applied Physics, Mahatma
Gandbhi University, Kottayam 686 560, Kerala, India.
== Correspondence to: S. Thomas, School of Chemical Sciences, Mahatma Gandhi
University, Kottayam 686 560, Kerala, India.
E-mail address: sabuthomas@mgu.ac.in (S. Thomas).

https://doi.org/10.1016/j.ijpiomac.2020.04.175
0141-8130/© 2020 Published by Elsevier B.V.

has been employed as a carrier for curcumin and also as the polymer
matrix for edible coating applications [2-4].

Natural materials containing polyphenolic compounds are essential
in averting diseases and normalizing the functions of the immune sys-
tem, and many natural compounds with polyphenols have been utilized
as medicines. The natural polyphenolic compound, curcumin, exerts
pharmacological effects against various tumours, inflammation and ox-
idative damage. In addition, curcumin also has immense potential in
conquering multidrug resistance and has synergistic antitumor effects
when used in conjugation with other chemotherapeutic agents. More
significantly, curcumin has been corroborated as a reliable, bioactive,
and safe material that can be ingested at a daily dose of 10 g. However,
its poor aqueous solubility, minimal bioavailability, and rapid degrada-
tion have limited its applications. To overcome these difficulties, numer-
ous attempts have been made based on derivatives of curcumin like
nanoparticles, conjugates, and micelles. Earlier studies indicate that
the bioavailability of polyphenolic compounds can be enhanced by the
encapsulation of these compounds in lipids [5]. Stearic acid has already
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Correlation between Morphology and Mechanical
Properties of TPEs from PA (6, 66) / EPDM Blends
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Abstract: In the present work, a systematic study has been carried out to investigate the effect of incorporation of varying
amounts of EPDM on mechanical properties of PA(6,66)/EPDM binary blends. First we have studied the effect of blend ratio on
the mechanical properties of PA (6,66) /EPDM blends. From this we selected three blend ratios viz. 30/70 (EPDM rich blend),
50/50 (co-continuous blend) and70/30 (nylon rich blend) for further studies. The phase morphology of the blends was
investigated using scanning electron microscopy with special reference to blend ratio. Mechanical properties of the blends were
correlated with the morphological parameters. Explanations and illustrations based on the results of above studies are presented
in this communication.

Keywords: Blends, Mechanical properties, Morphology

L. INTRODUCTION

Blending of an elastomer with a plastic provides thermoplastic elastomers (TPEs) of diverse nature. These materials have significant
commercial interest [1-5]. The process of polymer blending is a versatile and widely used method for fabricating cost effective
engineering products. Thermoplastic Elastomers (TPEs) are reprocessible materials [6]. The physical properties of the blends are
controlled by the size of the dispersed phase, its dispersibility and its interfacial interactions [7,8]. The key factors affecting the
mechanical properties of TPEs are the morphology and the compatibility between the blend components [9].

Nylon (PA) and EPDM could form blends with very interesting properties because nylon offers very good mechanical properties
and EPDM offers good barrier to moisture. Nylon/rubber blends have been extensively studied by several researchers [10-19]. In
contrast to PA 6 and PA 66 blends, less information is available on the properties of PA copolymer (PA6,66) blends. Therefore it is
challenging and interesting to develop super tough thermoplastic elastomers with PA (6,66). It was observed that as the time of
mixing increases the dispersed domain size decreases in the case of PA (6,66) / EPDM blends. Thomas and Groeninckx. [19]
studied the effect of processing conditions on the morphology development of nylon6/EPM blends in 1999. Paul and co-workers
[20] studied the mechanical properties of blends of nylon/EPM-g-MA. They observed strain hardening and cold drawing for the
nylon rich blend systems.

Il. EXPERIMENTAL
A. Materials and Methods
Nylon used in this work is a copolymer of PA6 and PA66, ( Tufnyl F-120 ) was procured from Sri Ram Fibers Ltd. Madras, India.
The EPDM (Keltan 720) was obtained from DSM, Netherlands.

B. Blend Preparation

PA(6,66) was preheated in vacuum oven at 80°C for 24 hrs and kept in vacuum decicator. This preheated and cooled nylon was
used for blend preparations. The blending was performed in Haake Rheocord 600 mixer. PA (6,66) was first charged into the
melting chamber and melted at 180°C for 2 minutes at a rotor speed of 60 rpm. The masticated EPDM was then fed in to the mixer.
Total mixing time was fixed at 8 minutes to ensure homogeneity. Time and torque were also noted while mixing. The formulation of
the blends is given the Table 1.

Table 1: Formulations of the blends

Material No N2o Nso Nao Nso Neo N7o Ngo N1go
PA (6,66) 0 12 18 24 30 36 42 48 60
EPDM 60 48 42 36 30 24 18 12 0

I11. RESULTS AND DISCUSSIONS

©IJRASET: All Rights are Reserved
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Abstract

Co-continuous structures can be found as intermediate stages during the initial stage of morphology development and
during phase inversion process in blends in which the components finally forming the dispersed phasecand the matrix in the
early mixing stages. Stable co-continuous morphologies can be created using suitable processing conditions. The interfacial
tension and melt yield stress of one or both components of the blends plays an important role for the stability of the co-
continuous structures. A lower interfacial tension leads to broader composition ranges of co-continuous structures.

Key words: Polymer blends, Co-continuous structure, Morphology

LINTRODUCTION
For the achievement of advantageous material performance, blending of two immiscible polymers is an important
technique. By blending a variety of properties can be significantly improved. Blending may also be used to lower the cost of an
expensive material by mixing it with a less expensive one by maintaining the properties critical to the application.
Thermoplastic elasomers (TPEs) obtained from plastic-rubber blends combine the excellent processability characteristic of
thermoplastics and the physical properties of elastomers. Most of the commercial polymer blends are immiscible.The physical,
mechanical and rheological properties of immiscible blends depend not only on the constituent polymers but also on the
morphologies of the blends [1]. The morphology development depends on the rheological properties of the blend components,
interfacial tension, blend compositions and processing conditions [2]. The structure obtained after mixing of immiscible
polymers can be categorized into four basic morphology types.
e Matrix-dispersed particle structures
e Matrix — fiber structures
e Lamellar structures
e Co-continuous structures
Most commercial polymer blends have matrix-dispersed particle structure. Here is an increasing interest in co-continuous
blends because this morphology type can offer better combination of the component properties than from dispersed type
structures [3, 4]. Co-continuous structure gives the maximum contribution to the mechanical modulus from each component
simultaneously [4, 5]. Synergistic effects on impact properties have also been shown in the literature [6,7, 8]. Examples of
commercial co-continuous blends are PP/PE/EPR blends [9,10], PA6/PPE blends[11,12] and PA6/ABS [13,14].
Regarding the formation of the co-continuous structures it is still not clear under what conditions and by which mechanism
a co-continuous structure may be formed and whether a co-continuous structure can be stable or if it is simply an unstable
intermediate that eventually transforms into a dispersed morphology.The final state of dispersion is important to the end use
properties of a polymer blend. The component that forms the matrix generally dominated the properties of the blend. Thus, in
co-continuous blends, both components contribute more equally to the properties.

II. EXPERIMENTAL
Materials

PA6,66 (nylon 6,66) of melting point 148°C and density of 1.12 g/cc,was supplied by SRF Ltd. (Madras, India).
EPDM (KELTAN 720) with E/P ratio 58% to 37.5% and DCPD content 4.5 % was obtained from DSM (Netherlands).
Preparation of the blends

PA6,66 was preheated in vacuum oven at 80°C for 24 hrs to remove water. After keeping in vacuum dedicator for 2
hrs, the blending was performed in a Haake Rheocord 90 mixer. PA6,66 was charged into the melting chamber and melted for 2
minutes at 180°C at a rotor speed of 80 rpm. Then EPDM was added. The blending was continued for 6 more minutes. Total
mixing time was fixed at 8 minutes to ensure homogeneity.

The blend was taken out and compression molded in a hydraulic press at 180°C, and cold pressed to give samples for
testing. The blend ratios are denoted by Ngo, Ngo, N7o, Neo, Nso, Nao,N30, Nog. The subscripts denote the weight percentage of
PAG6,66 in the blend.

Preparation of samples for morphology studies
For determination of sample morphology, small bars (approx.25.3mm by 9.7mm by 3.3 mm) of the samples were
placed in liquid nitrogen for 5 minutes.The bars were then fractured by bending. In order to determine the state of dispersion
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Zinc oxide nanoparticles (ZnO NPs) were synthesised using a typical green route employing bioderived
structure directing agents in aqueous medium over circum neutral pH conditions. The microstructure
and morphology of the nanoparticles were characterized by X-ray diffraction (XRD) and high resolution
transmission electron microscopy (HR-TEM). Hybrid nature of the citric acid-ZnO NPs were characterized

by FT-IR spectroscopy and Uv-vis spectroscopy. The growth impact of millimolar concentrations of these
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colloidal nanoparticle dispersions on Oryza sativa L. (rice) and Vigna unguiculata L. (pea) plants were also
analysed with regard to parameters such as germination index and root growth.

© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the past couple of decades, nanotechnology has witnessed
revolutionary changes and find extensive applications, predomi-
nantly in agro-sciences and food [1]. Due to the small size and
highly enhanced surface area, there are obvious cutting edge appli-
cations in diverse areas. Nanotechnology can find many applica-
tions in all stages of production, processing, storing, packaging
and transport of agricultural products. Nanotechnology can revolu-
tionize agriculture and food industry by introducing new tech-
niques such as: high precision farming techniques, enhancing the
ability of plants to absorb nutrients, more efficient and targeted
use of inputs, disease detection and control diseases etc. However,
due to the same enhanced properties, the nanoparticles are highly
reactive leading to greater concerns on the potential impact upon
ecosystem [2].

From an agriculture perspective, nanotechnology is emerging as
a promising alternative for improving crop productivity and qual-
ity. Unlike conventional fertilizers nanofertilizers offer high nutri-
ent use efficiency minimizing nutrient leaching into ground water
[3]. Due to bulk nature, the conventional fertilizers are less efficient

* Corresponding author.
E-mail address: jaiby.cyriac@newmancollege.ac.in (J. Cyriac).

https://doi.org/10.1016/j.matpr.2020.01.107
2214-7853/© 2020 Elsevier Ltd. All rights reserved.

in nutrient uptake leading to lower yield of the plant and high
wastage of nutrient substances causing negative environmental
consequences including eutrophication [4]. On the other hand,
nanofertizers have high potential due to its environment friendly
nature and no wastage in application as it is packaged in nano
forms [5].

Moreover, release kinetics of the chemical is controlled which
results in the targeted sites delivery of the chemicals [6]. There
are several studies which reveal its potential to enhance seed ger-
mination, seedling growth, photosynthesis, and nitrogen metabo-
lism protein and carbohydrate synthesis. Thus, contribution of
nanofertilizers in agriculture cannot be neglected in achieving sus-
tainability towards global food production.

There are different physical and chemical processes widely used
to synthesize nanoparticles particles with tunable properties.
However, these methods are expensive and potentially hazardous
to the environment [2]. Therefore, the deliberate introduction of
the conventional technology in agricultural activities could result
in many unintended non-reversible outcomes. In this regard, new
environmental and unintended health hazard and the phytotoxic-
ity of petroderived templates are major issues while considering
sustainability in crop improvement via nanotechnology [7]. Keep-
ing these in mind, it is crucial to consider the bio templated route
in making nanoparticles to reduce its negative impact on crop
improvement.

Selection and peer-review under responsibility of the scientific committee of the International Conference on the Science and Technology of Advanced Materials.
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Abstract

Gentiana sasidharanii, a new species of Gentianaceae, from Western Ghats of Kerala, India, is here described and illustrated.
Species distribution, phenology and colour photographs of the new species are provided. A comparative table of the new
species with G. kurumba, and a key to allied species are also presented.

Keywords: Gentiana kurumba, Idukki district, Kerala

Introduction

The genus Gentiana Linnaeus (1753: 227) comprises ca. 350—400 species, amounting to 20-23% of the total taxa of
family Gentianaceae (Struwe & Albert 2002; Ho & Liu 2001), chiefly distributed in temperate regions of Europe, Asia
and America, as well as in most tropical mountain systems of the world, with the exception of Africa (Chen & Wang
1999, Mabberley2017).The genus is characterized by tubular corolla with plicae between the corolla lobes, gland at
the base of ovary and flattened or narrowly winged filaments towards base (Pan et al. 2016; Shabir ez al. 2017). China
is regarded as the center of diversity of the genus, with nearly 250 species (Long 1995; Ho & Liu 2001). In India, this
genus is represented by 66 species, 4 subspecies, and 3 varieties (Shabir et al. 2017; Anilkumar et al. 2015), which
are mainly distributed in Indian Himalayan region except one species and two varieties, which are known from the
Western Ghats (Anikumar et al. 2015; Sasidharan et al. 2004, 2013).

While working on the floristic diversity of Idduki district, India, the authors collected an interesting species of
Gentiana from the grasslands in Meesappulimala hill ranges of Chinnakkanal area. The plant is distinctiveat first
sight because ofits sessile, succulent, ovate leaves and bright blueflowers. Detailed taxonomic studies with the perusal
of relevant literature (Clarke 1875, 1883; Burkil 1906; Gamble 1923; Marquand 1931; Smith 1965; Pringle 1978;
Matthew 1983; Webb 1990; Ho & Pringle 1995; Ho et al. 1996; Chen & Wang 2000; Struwe & Albert 2002; Struwe
et al. 2002; Sasidharan 2004, 2013; Hul 2007; Gupta 2008; Karthikeyan et al. 2009; Wu et al. 2012; Favre et al. 2013,
2014; Maity 2014; Gupta 2015; Anikumar et al. 2015; Shabir et al. 2017) and comparison with voucher specimens,
revealed that this taxon is hitherto unknown to science, and is described below as a new species.

Taxonomy
Gentiana sasidharanii K.M.P. Kumar & Sunil, sp. nov. (Fig. 1)

The new species is similar to Gentiana kurumba Anilkumar & Udayan (2015: 82), from which it differs by its plants

Accepted by Piero Delprete: 25 Apr. 2020, published: xx xxx. 2020 1



EE Ph_Vthllx(l 438 (2 ): 159-162 ISSN 1179-3155 (print edition)

https://www.mapress.com/j/pt/ C PHYTOTAXA P

Copyright © 2020 Magnolia Press Orrespondence ISSN 1179-3163 (online edition)
https://doi.org/10.11646/phytotaxa.438.2.10

Hedyotis shoolamudianus (Rubiaceae), a new species from Western Ghats, India
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Abstract
Hedyotis shoolamudianus, a new species of Rubiaceae is described here. The paper provides distribution, phenology and
colour photographs of the new species along with comparison chart of its allied taxa.

Keywords: Hedyotis, New species, Rubiaceae, Western Ghats.

Introduction

The genus Hedyotis Linnacus (1753: 101) was described by Linnaeus (1753) and H. fruticosa Linnaeus (1753: 102) was
selected as the conserved type species by Jarvis (1992). The delimitation of Hedyotis has been confused with Oldenlandia
Linnaeus (1753: 119) and their allies. The phylogenetic analysis of Hedyotis (Guo et al. 2013, Wikstrom et al. 2013)
identified the Hedyotiss.str. clade, the members of this clade are suffrutescent herbs, shrubs or small trees, the apex of the
capsule does not protrude beyond the calyx lobes, the capsule shows a septicidal dehiscence that is usually followed by a
partial apical loculicidal dehiscence, usually resulting in two semi-spilt valves and the seed is dorsiventrally compressed
with a conspicuous hilum (Wangwasit & Chantaranothai 2015, Wikstrom ef al. 2013). Species of Hedyotis s. str. clade were
occurred in Sri Lanka, India, SE China, Indo-China, Malesia, Papuasia and NW Pacific (Wikstrom et al. 2013). In a broad
sense, Hedyotis is a large and heterogeneous genus containing c. 515 species (Terell & Robinson, 2003), but in Hedyotis s.str.
clade 164 species were identified so far (The Plant List 2013). Dutta & Deb (2004) revised the genus Hedyotis for Indian
sub-continent in which he merged Oldenlandia L. with Hedyotis and treated 74 taxa together.

While working on the floristic diversity of Ernakulam district forest areas, the authors collected an interesting species of
Hedpyotis from the Shoolamudi hills ranges. The plant is attractive at first sight by of its sessile leaves and pink flowers. Detailed
taxonomic studies with the perusal of relevant literature (Wight & Arnott 1834, Hooker 1880, Gamble 1925, Balakrishnan
1974, Dutta & Deb 2004, Viswanathan & Manikandan 2008, Chen & Taylor 2011, Karuppusamy & Ravichandran 2014) and
comparison with voucher specimens revealed that this taxon is hitherto unknown to science, and is described and illustrated
here as a new species as Hedyotis shoolamudianus sp. nov.

Taxonomy

Hedyotis shoolamudianus Sunil, Naveen Kum. & K.M.P. Kumar, sp. nov. (Fig. 1)

Diagnosis: Hedyotis shoolamudianus superficially similar to H. purpurascens Hook f. (1880: 50), but can be differentiated in having
sessile leaves with sub-cordate to rounded base and acute apex with 3—4 pairs of basal veins, large ovate-triangular stipules with
13-24 elongated eglandular marginal bristles which are appressed to stem on drying, long and pink bracteoles, corolla lobes having
equal length of corolla tube, long staminal filaments in inserted and exserted flowers and long style in exserted flowers.

Type:—INDIA. Kerala, Ernakulam district, Variyam forest, Shoolamudi, alt. 1251 m, 26 September 2015, C.N. Sunil, Naveen Kumar &
K. M. Prabhukumar 7234 (Holo: CMPR; Iso: MH, CALI)
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Structural Deformation to /-Cyclodextrin Due to Strong
n-Stacking in the Self-Assembly of Inclusion Complex

Athira K. Jeevan,”" Sumesh B. Krishnan,”® and Karical R. Gopidas*™"

We report severe distortion to the structure of [3-cyclodextrin
and partial de-encapsulation of included guest prompted by
strong m-stacking of appended pyrene moieties in the self-
assembly of inclusion complex into toroidal nanostructures.
The inclusion complex formed from bis(B-cyclodextrin)-substi-
tuted pyrene and bis(adamantane)-substituted methyl viologen
assembled into ring-like structures. The rings undergo further
self-assembly which involve strong face-to-face m-stacking of
pyrene chromophores. Close approach of the pyrenes for -
stacking demands severe distortion of the cyclodextrin trun-
cated cone structure and partial de-encapsulation of the guest
from the cavity. The understanding that 3-CD can be distorted
severely during self-assembly may be helpful in the design of
molecular architectures.

For many years cyclodextrins (CDs) were considered as rigid
truncated cones of high symmetry with specific diameters and
height."™ The truncated cone structure has a wider rim of C-2
and C-3 hydroxyl groups and a narrow rim composed of the C-
6 primary hydroxyl groups of the glucose monomers. At the
wider rim, flip-flop hydrogen bonds are formed between the C-
2 hydroxyl of one glucose unit with C-3 hydroxyl of adjacent
glucose. The secondary hydrogen bond belt, which is complete
in B-CD, is regarded as the reason for the better rigidity and
lower water solubility of B-CD compared to o- and y-CDs.
Experimental®® and theoretical® ' studies now show that CD
structures are flexible due to local fluctuations in the individual
glucose rings and distortions of the macrocyclic structures.
These disorders, however, are considered dynamic and reor-
ientation to the symmetric structures occur rapidly. In this
paper we describe strong deformation of 3-CD structure due to
strong m-1t stacking, which is found to be stable even at 80°C.

Self-assembly of bis(3-CD)-linked anthracene (CD-AN-CD)
and bis(adamantane)-linked methyl viologen (AD-MV?*-AD)
into toroidal nanostructures is reported by us recently." The
mechanism involved formation of a ring structure from the
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inclusion complex and stacking of the rings via edge-to-edge
overlap of AN m-clouds. Since B-CD has a truncated cone
structure with outer diameter of 153 A, we proposed the
skewed or slipped stack arrangement shown in Scheme 1A,
where the edge-to-edge distance between ANs in successive
rings is <4 A. In order to confirm the two important aspects of
our proposal, namely, formation of closed loop structures and
stacking of the ring loops, we have substituted pyrene (PY) in
place of AN and designed the molecule CD-PY-CD (Scheme 1).
Similar to the CD-AN-CD/AD-MV?*-AD system, we expected the
CD-PY-CD/AD-MV?*-AD inclusion complex to form closed loop
structures in which the PY chromophores can arrange with
their long axis parallel (Scheme 1B) or perpendicular (Sche-
me 1C) to the B-CD axis. If the 3-CD has a rigid structure, then
the PY chromophores in Scheme 1B cannot undergo edge-to-
edge stacking because of the >5 A separation. For Scheme 1C,
edge-to-edge distance will be <4 A and stacking is possible
which, however, will be weak because of the 1,6-substituents
on PY. Thus, we expected to see only ring structures and no
toroids in the self-assembly of CD-PY-CD/AD-MV?"-AD (desig-

CD-AN-CD CD-PY-CD AD-MV2+-AD

Scheme 1. Probable arrangement of AN and PY chromophores in (A) CD-AN-
CD@AD-MV**-AD and (B,C) CD-PY-CD@AD-MV?*-AD ring stacks. Panel D
shows structures of molecules. The cone-like structure represents [3-CD.
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