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Abstract

This paper reports improvement in the degradation efficiency of ZnO for the organic dye methylene
blue by constructing a homojunction of nZnO and n*Al doped ZnO with an overlayer of alumina
nanoballs. The thin film junction is fabricated by the simple, cost-effective two stage
electrochemical method of anodization followed by electrochemical doping at room temperature.
Structural, optical, morphological and electrical analyses are done to elucidate the corresponding
properties of each layer as well as of the junction. The compositional depth profile is obtained by the
Rutherford backscattering technique. Valence band x-ray photoelectron spectroscopy in conjunction
with optical data is used for designing the schematic of the junction formation. The rectification

ratio of the thin film junction is determined to be ~102 from voltage—current data.
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Fabrication of Transparent Conducting Cu-based p-n junction n-CulnOz/p- CuGaO; by oxygen plasma assisted
reactive evaporation method is reported herein for the first time. The p-n diode formed of p-CuGaO, of trans-
mittance ~94% and conductivity ~1.45 x 10”3 S/cm and n-CulnOy of transmittance ~66% and conductivity
~2.05 x 1072 §/cm manifests a rectification ratio ~164 at 4 V with turn on voltage ~3.61 V and an ideality
factor ~4.1 and a transmittance ~76% at 618 nm wavelength. The optical bandgap of n-CulnO; is ~3.34eV

whereas that of p-CuGaO; is ~3.61eV. The high rectification ratio along with good transmittance of the p-n
junction gives it footing as a promising active device in transparent electronics.

1. Introduction

In recent years, the field of “Invisible electronics” [1] has a variety of
applications in numerous technology related applications like functional
smart windows, organic light emitting diodes, transparent flat panel
displays etc. [2-4]. Recently, there is large interest in transparent con-
ducting oxides (TCO’s) -metal oxides which possess simultaneous
behavior of good electrical conductivity and high optical transmittance
in the visible spectrum [5-7]. Many researchers have reported the spe-
cial structure of Cu-based and Ag-based delafossite TCOs suitable for
optoelectronic applications in which the former possesses an “ampho-
teric behavior” in conductivity basically in CulnO5 [8]. Hence, the
fabrication of active devices based on both p-type and n-type delafossite
TCOs is of great demand in this era of invisible electronics. The devel-
opment of a p-type transparent conducting delafossite CuAlO; reported
by Kawazoe et al. [9] invited the initial attention of researchers to the
use of delafossites [10].

Both CulnO; and CuGaO; are potential candidates for the fabrication
of transparent p-n junction diodes. Yanagi et al. reports the unique
feature of capability of bipolarity in CulnO; [11]. There are reports on
the manufacturing industry of transparent diodes using p-n hetero-
junctions based on delafossites and ZnO with configurations like CuA-
102/Zn0 [12], CuYO2/ZnO [13] ZnO/CuGaO, [15] etc. Recent report by
Mivolil et al. demonstrates the possibility of ZnO/CuGaO, hetero-
junction for space borne applications [15]. Since it has been reported

* Corresponding author.
E-mail address: reenatara@gmail.com (R.R. Philip).

https://doi.org/10.1016/j.vacuum.2021.110808

that the introduction of different compounds as layers of heterojunction
results in a lattice mismatch which affects the device performance, many
approaches are put forward to fabricate p-n homojunction diodes of
various Cu-based n and p layers [16-18]. In 2001, Yanagi et al. fabri-
cated p-n homojunction using CulnO,:Ca as p-layer and CulnO,:Sn as
n-layer having forward to reverse current ratio ~10 with transmittance
60-80% [11]. As part of the research carried out in our lab to elucidate
the role of Cu based delafossite in transparent electronics industry,
Bindu et al. developed prototypes of thin film p-n homojunction diodes
with configurations FTO/n-CIO/p-Ca.CIO/Ag and FTO/n-Sn.CIO/p-Ca.
CIO/Ag, where the former showed better rectification and a junction
with FTO/n-Sn.CIO/p-Al.CIO/Ag having rectification ratio of ~9.0 at
0.8 V and turn on voltage 0.62 V [8,18]. Also, Rahman et al. was suc-
cessful in developing a thin film p-n homojunction diode with a very
high rectification ratio ~612 with configuration n-CIO/p-Ca.CIO on
FTO by oxygen plasma assisted reactive evaporation method [16].

In this research work, we report the fabrication of transparent het-
erojunction diode with configuration FTO/n-CulnO,/P-CuGaOy/Ag by
oxygen plasma assisted reactive evaporation method with rectification
ratiol64 at 4 V. Literature survey shows that development of diodes
with the junction between CulnO5 and CuGaOs, is not reported till date,
to the best of our knowledge. This study highlights the importance of
CuGaO3 as a promising p-type candidate for the fabrication of trans-
parent thin film diodes in semiconductor industry.

Received 30 July 2021; Received in revised form 3 December 2021; Accepted 6 December 2021

Available online 9 December 2021
0042-207X/© 2021 Elsevier Ltd. All rights reserved.
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Abstract. We extend the idea of conformal attractors in inflation to non-canonical sectors
by developing a non-canonical conformally invariant theory from two different approaches. In
the first approach, namely, N' = 1 supergravity, the construction is more or less phenomeno-
logical, where the non-canonical kinetic sector is derived from a particular form of the Kéhler
potential respecting shift symmetry. In the second approach i.e., superconformal theory, we
derive the form of the Lagrangian from a superconformal action and it turns out to be exactly
of the same form as in the first approach. Conformal breaking of these theories results in a
new class of non-canonical models which can govern inflation with modulated shape of the
T-models. We further employ this framework to explore inflationary phenomenology with
a representative example and show how the form of the Kéahler potential can possibly be
constrained in non-canonical models using the latest confidence contour in the ng — r plane
given by recent Planck and BICEP /Keck results.
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ABSTRACT

In this paper, we obtain the Italian domination number, perfect Italian domination number and
double Roman domination number of generalized Sierpinski graph S(G,2), where G is a cycle C,
n > 4, a complete bipartite graph Kj 4 or K5 4, ¢ > 2 and a bistar B, ,, m,n > 3.

1. Introduction

Let G be a simple graph with vertex set V(G) and edge set
E(G). If there is no ambiguity in the choice of G, then we
write V(G) and E(G) as V and E, respectively. The number
of vertices and edges of the graph G are denoted by n(G)
and m(G), respectively. The open neighbourhood of a vertex
veV is the set N(v) ={u:uv € E} and the vertices in
N(v) are called the neighbours of v. |N(v)| is called the
degree of the vertex v in G and is denoted by dg(v), or sim-
ply d(v). The vertices with degree one are called leaves,
whereas the vertices with degree n —1 are called universal
vertices. Let C, denote a cycle on n vertices and K, ; denote
a complete bipartite graph on p + g vertices, where one par-
tition contains p vertices and other partition contains g ver-
tices. The bistar B,, , is the graph obtained by joining the
center vertices of Ky ,, and Kj , by an edge.

Let f be a function defined on the vertex set of a graph
G. The weight of f is defined as f(V) =3 ., f(v). A
Roman dominating function on G is a function f : V(G) —
{0,1,2} such that every vertex u € V with f(u) =0 has at
least a neighbor v € Ng(u) satisfying f(v) = 2. The Roman
domination number of G, denoted by 7x(G), is the min-
imum weight among all Roman dominating functions on G.
Cockayne, Dreyer, S. M. Hedetniemi and S. T. Hedetniemi
[14] introduced the concept of Roman Domination in
graphs, and since then a lot of related variations and gener-
alizations have been studied (see [7, 11-13]).

An TItalian dominating function - IDF (perfect Italian
dominating function - PID-function) of a graph G is a func-
tion f:V(G) — {0,1,2} satisfying the condition that for
every v€V with f(v)=0, we have > .y f(u) =2

KEYWORDS

Italian domination; perfect
Italian domination; double
Roman domination;
generalized

Sierpinski graphs

AMS SUBJECT
CLASSIFICATION
05C69; 05C76

(O uenn f(u) = 2), ie, either v is adjacent to at least one

vertex u with f(u) =2 or at least two vertices x and y with
f(x) =f(y) =1 (i.e, all the neighbours of v are assigned the
weight 0 by f except for exactly one vertex u for which
f(u) =2 or for exactly two vertices u and w for which
f(u) =f(w) =1). The Italian domination number, y,(G)
(perfect Italian domination number, 7(G)) is the minimum
weight of an Italian dominating function [24] (perfect
Italian dominating function [23]). The Italian dominating
function with weight y,(G) is called a y-function [10]. The
sum of the weights of the vertices of H is denoted by f(H),
where H is any subgraph of G. ie., f(H) = > ey f(4).
The study of Italian domination was initiated by Chellai
et al. in [10] and they called Italian domination as Roman
{2}-domination. Italian domination is fairly a new concept
and there are only a handful of papers on Italian domin-
ation. Interested readers may refer to [2, 17, 18, 20, 22, 24,
26, 28] and [35]. In [29], the exact value of perfect Italian
domination number for Cartesian product of some special
graphs is obtained. A relation between the Roman domin-
ation number and the perfect Italian domination number of
a graph G is obtained and the corresponding realization
problem is also solved. In [32], the authors characterize the
graphs G with 7/(G) equal to 2 and 3 and determined the
exact value of the parameter for several simple-structured
graphs. It is also proved that it is NP-complete to decide
whether a given bipartite graph admits a perfect Italian
dominating function of weight k.

Given a graph G = (V,E), a function f: V — {0,1,2,3}
having the property that if f{v) = 0, then there exist v;,v, €
N(v) such that f(v;) = f(v,) =2 or there exists w € N(v)
such that flw) = 3, and if f{[v) = 1, then there exists w €

CONTACT lJismy Varghese @ kvjismy@gmail.com @ School of Computer Science, DePaul Institute of Science and Technology, Angamaly 683 573, Kerala, India.
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2 . J. VARGHESE ET AL.

N(v) such that f(w) > 2 is called a double Roman dominat-
ing function (DRDF). The double Roman domination num-
ber, 7,z(G), is the minimum among the weights of DRDFs
on G. If f: V—{0,1,2,3} is a function defined on V(G),
then {v € V(G) : f(v) = i} is denoted by V{. (If there is no
ambiguity, V{ is written as V; [9]. The study of double
Roman domination was initiated by R. A. Beeler, T. W.
Haynes and S. T. Hedetniemi in [9]. Interested readers may
refer [3-6, 21, 34, 36] and [38]. Domination parameters in
some classes of graphs have been studied by several authors
(see [15, 16]).

Let G=(V,E) be a non-empty graph of order n > 2,
and t a positive integer. Let V' be the set of words of length
t on alphabet V. A word u of length ¢ is denoted by
ujty...us. The graph S(K,,t),t > 1, was introduced by
Klavzar and Milutinovi¢ in [30] and was later called as
Sierpifiski graphs in [31]. S(K,,t) has vertex set V' and
{u,v} is an edge if and only if there exists i € {1,2,...,t}
such that: (i) u; =v;, if j <i; (ii) w; # v;; (iil) w; = v; and
v; = u;, if j > i. The vertices of the form uuu...u are called
extreme vertices of S(Kj, t).

The generalized Sierpinski graph of a graph G, denoted
by S(G, t), is a graph with vertex set V' and edge set
{wuil L wuui ™'} - {u, wi} € Eji # jir € {12, thiw e
V=4 [19]. Note that S(G,1) is G itself. If V ={1,2,...,n}
is the vertex set of G, then in S(G,2) Vi={ijj:j=
1,2,..,n} induces a copy of G for each ie€ {1,2,..,n}.
The subgraph induced by V; is denoted by G, for
i€{1,2,..,n}. Figure 1 gives S(Cs,1) and S(Cs, 2).

The value of various domination parameters of Sierpinski
graphs were studied in [6, 27, 33] and [37]. The reader may
refer to the survey paper [25]. For any graph theoretic ter-
minology and notations not mentioned here, the readers
may refer to [8].

The following results are useful in this paper.

Theorem 1.1. [10] For a cycle C, and a path P,, y,(C,) =
31 71(Pa) = [*57].
Theorem 1.2. [32] For a cycle C,, 77(C,) = [%].

Proposition 1.3. [9] In a double Roman dominating function
of weight 7;r(G), no vertex needs to be assigned the value 1.

Proposition 1.4. [1] For n > 3,

n if n=0,2,3,4 (mod 6),
n+1 if n=1,5 (mod 6).

7ar(Cn) = {

Proposition 1.5. [1] For n > 1,

Var(Pn) = { "

if n=0 (mod 3),

n+1 ifn=1 or 2(mod 3).

In this paper, we obtain the exact values of the Italian
domination number, the perfect Italian domination number
and the double Roman domination number of the general-
ized Sierpinski graph S(G,2), where G is a cycle C,, n > 4,

1 55
544
3 2
a1 31
4 3
45 42 35 $32
44 pry L7 33

Figure 1. Sierpinski graphs S(Cs,t),t = 1,2.

a complete bipartite graph K, or K4, 4> 2 and a bis-
tar By, », m,n > 3.

2. Main Results

For n=3, C,~K; and 7;(S(K,2)), " (S(K,2)) and
74r(S(Ky» 2)) were discussed in [27, 28] and [6], respectively.
Hence, in this section, we consider C,, for n > 4 only.

Theorem 2.1. The Italian domination number of the general-
ized Sierpinski graph S(C,,2) is y1(S(Cy,2)) = n[4], for n > 4.

Proof. Let V(C,) ={vi,v2,...v,}. Then S(C,,2) has the
vertex set {v;v; : i,j € {1,2,...,n}} and edge set {(v;vj, viv) :
vivk € E(Cy)} U {(vivj, vjvi) = viv; € E(Cy)}. In S(Cp,2) there
are n copies of C, and we know that y,(C,) = [5].
Therefore, if we take a y;-function in each copy of C,, we
get an IDF of S(C,,2), so that y,(S(C,,2)) < n[5].

For the reverse inequality, note that in C, v;v; is the
extreme vertex and v;v;_; and v;v;y; are the vertices which
are adjacent to C, ' and Ci'', respectively. The vertices
other than v;v;_1, viv;, v;viy1 form a path on n — 3 vertices,
say P! ;. Therefore, f(P,_;—{vivio,viviia}) > [*=5H] =
[%‘1 To Italian dominate v;v;_j, viv;, v;vi12 (which do not
have any adjacency outside C) we need minimum weight 2.
Therefore, f(C}) > [%5%] 4+2=[%4] so that y;(S(Cps2)) >
n[%]. Hence, 7;(S(Cy,2)) = n[5]. O

Corollary 2.2. The perfect Italian domination number of the
generalized Sierpinski graph S(C,,2) is (S(Cu,2)) = n[%],
for n > 4.

Proof. We know that 77(C,) = [%]. The proof is similar to
that of Theorem 2.1. 0

Lemma 2.3. If P, is a path on n vertices, where n is a mul-
tiple of 3, then the weight of a yir-function assigned to the
end vertices is always zero.

Proof. Let P, be the path v;v,...v,. Let f be any y,z-function
with f(v;) = 1. Then v, cannot double Roman dominate



any other vertex. Hence, f(P,—v;) >n—1+1=mn, so
that f(P,) > n + 1 which is a contradiction.

Now let f be a yp p-function with f(v;) =2. If f(v,) <1,
then none of the vertices of P, — {v;,v,} are double Roman
dominated by vertices outside P, — {v;,v»}. Consequently,
fPy—{vi,»m})>n—-2+1=n-1, so that f(P,)>
n—1+4+2=mn+1, which is a contradiction. If f(v,) > 1
then we can find a DRDF g as follows. g(v;) =0, g(v2) =3
and g(v;) =f(v;) for i=3,4,..,n. Clearly, g is a DRDF
with weight less than that of f, which is also a contradiction.
Hence, we conclude that f(v;) # 2.

Similarly, the case when f(v;) = 3 also leads to a contra-
diction and so f(v;) = 0. In the same manner, we can also
prove that f(v,) = 0. O

Lemma 2.4. If C, is a cycle, where n is an odd multiple of 3
then in any y.r-function, no vertex is assigned the weight 2.

Proof. Let C, be a cycle v;v,...v, and let f be a y4r-function
with at least one vertex assigned the weight 2. For definite-
ness, let f(v;) = 2. If f(v,) is non-zero, then f(v;) + f(v,) >
4 and f(C, —{vi,v2,v3,vy}) >n—4+1=n-—3, so that
f(Cy)>n—3+4=n+1 which is a contradiction. If
f(v;) =0, then f(v;) must be non-zero. If f(v;)=3
then f(Vl) —|—f(‘l/3) =5 and f(Cn — {Vl, Vz,V3,‘V4,Vn}) Z
n—5+1=n—4 so that f(C,) >n—4+4+5=mn+ 1 which
is also a contradiction. Hence, f(v;) = 2. Continuing this
argument, we get f(v;) =0 or 2 according as i is even or
odd, respectively, so that f(C,) = n+ 1 which is a contra-
diction. Hence, the result follows. O

Theorem 2.5. The double Roman domination number of the
generalized Sierpiniski graph S(C,,2) is

n*— 1 if n=23k, k>1is even,

n:—12 if n=23k, k>1is odd,
74r(8(Cn> 2)) = oo

nn—1) if n=3k+1, k>1,

n’ if n=3k+2, k>1.

Proof. Let V(C,) = {v1,v2,...Va}. Then S§(C,,2) has the

vertex set {vjv; : i,j € {1,2,...,n}} and edge set {(v;vj, vivg) :

vivk € E(C,) } U{(vivj,vjvi) - vivj € E(C,)}. We consider the

following cases.

Case 1: n =3k, k> 1 is even.

Define the following function on S(C,, 2).

3if i=2,4,..,m; j=i+3l (mod n); 1=1,2,...,k—1,

2if i=13,..,n—1; j=i+1+2l (mod n),
[1>0and i=j=2,4,..,n,

0 otherwise.

flvvy) =

Clearly, f is a DRDF and f(V) =3%(k—1)+25542
n* — 2. Hence, 72(S(Cy,2)) < n* — 2. |

For the reverse inequality, note that in each C, v;v; is
the extreme vertex and v;v;_; and v;v;;; are the only vertices

adjacent to other copies of C,. The remaining vertices (other

n
2
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than v;v;_1, vV, v;viy1) form a path on n — 3 vertices, say
Pl .. Let f be any DRDF of S(C,2). If f(vivii1)+
f(vivig1) =0, then f(v;v;) > 2 and f(P)_5;) > n— 3, so that
f(CYy>n—3+2=n—1.1f f(vivii1) + f(vivi1) = 2, then
one of f(v;v;_1) and f(v;v;;1) must be 2. For definiteness, let
f(vivi1) =2. Then f(PL 5 —viviya) >n—4+1=n—3.In
this case, f(v;v;) > 2 so that f(C)) >n—3+2+2=n+1.
If f(vivi1)+f(viviy) =3, then one of f(vv;_;) and
f(viviy1) is 3. For definiteness, let f(v;viy1) =3. Then
f(PL_y—vivipa) >n—4+1=n—3 so that f(C))>n. If
fvivict) + f(vivier) >4 then  f(PL_5 — vivig, Viviga) >
n—5+1=n—4 so that f(C)) >n. Thus, in all cases,
f(Cy>n—1 and if f(C))=n—1 then f(P ;)=
n—3, f(vwvi_1) = f(viviz1) =0 and f(viv;) =2. We claim
that if f(Co) =n—1 then f(Co*') > n. Since f(P" ;)=
n—3, then f(vivi—2)=f(viVi+2) =0 by Lemma 2.3.
Therefore, since f(vi,vi—1) =f(vi,Vi,+1) =0, to double
Roman dominate v;,vi,+1, f(vij4+1vi,) > 2 so that f(Cot1) >
n. Thus if f(C®)=n—1 then f(C*')>n so that
f(8(Cu2)) 2 n2 4 (n—1)3 = 2.

Case 2: n = 3k, k> 1 is odd.

As in case 1, for any y-function f of $(C,,2) f(C\) >n—1
for each i =1,2,..,n. We claim that if f(C?) =n — 1, then
both f(Co=1) and f(CP*!) is at least n. If f(C0)=n—1,
then f(v;,v;,) = 2 and f(v;,vj,—1) = f(vi,Viy+1) = 0. So to dou-
ble Roman dominate v;,v;, 11, f(vi,+1vi,) must be at least 2. If
f(Vig+1vi,) = 2, then f(Co™) > n+1 by Lemma 2.4 and so
fWigr1vi,) = 3. If f(viy+1vi,) = 3 then f(vj,41viy+2) must be
zero in order to make f(Co*') = n. ie., the only vertex which
is outside C**! and double Roman dominated by vertices in
Cotl s v vio41. Similarly, f(vi—1v;,) =3, f(C*') =n and
the only vertex which is outside C*~! and double Roman
dominated by vertices in C*~! is v; v;,_1. Thus, for three con-
secutive copies of C,, at most one copy can have weight n — 1
and hence f(S(C,,2)) > n* -1

Case 3: n=3k+1, k>1.
Define the following function on §(C,,2)

3if ie{l,2,...,n} and j =i+ 1+ 3l (mod n);
1=0,1,..,k—1,
0 otherwise.

flvivj) =

Clearly, f is a DRDF and f(V) =n 3k =n(n —1). Hence,
par(S(Cr2)) < nln —1). |

For the reverse inequality, note that f(C!) > n — 1 for all
i€{1,2,...,n} as in above cases and hence f(S(C,,2)) >
n(n—1).
Case4: n=3k+2, k>1.
Define the following function on S(C,, 2).
3if ie€{1,2,..,n}, j=i+ 143l (mod n),

1=0,1,...k—1,

2if i€ {1,2,..,n}, j=i—3 (mod n),

0 otherwise.

flvvj) =

10
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Clearly, f is a DRDF
Hence, y44(S(C,,2)) < n?
For the reverse inequality, the proof is similar to case 3
except when f(vivi1) +f(vivie) > 4. I f(viviog) +
fviviy) =4, then f(vvioy) =f(viviz1) =2 and  hence
P! s U{vivi_1,vivii1} can be considered as a path on n —1

and f(V) =n(3k+2) =n.

vertices of which none of the vertices are double Roman
dominated by vertices from copies of C, other than Ci.
Consequently, f(C)) > f(P_,U{vvi1,vivi1}) > n— 1+
1=n. If f(vivii1) +f(viviz1) > 5, then f(PL ;U {vivi,
Vivia}) >n—5 and so f(C)) >mn. Thus in all cases,
f(C) > n and hence f(S(C,,2)) > n*. O

When p=1 and g=1 K, 4 is K, and it is proved in [28]
that 7,(S (K,,,Z)) = 2n — 1. Therefore, y,(S(K3,1,2)) = 3 and
also yp (K1,1,2)) =3. Also in [6], it is found that
1ar(8(Ky,2)) = 3n — 1 and hence y;z(S(K3,1,2)) = 5. When
p=1land g=2 then Ky q = Ps and it is a simple observation
that 7;(S(Ps,2)) =5, Y/ (S(P3,2)) = 6 and 7,4(S(P3,2)) = 8.
Hence, in the following theorems, we consider the case
p=1andq > 3.

Theorem 2.6. The Italian domination number of the general-
ized Sierpiniski graph S(Ky 4,2) is y(S(Ky,q2)) =29+ 1,
q=3.

Proof. Let v,vs,...,vg41 be the vertices of K; , where v; is
the universal vertex. Define the following function on
S(K1,4,2) as follows.

2if v=wv, i=2,3,..
Lif v=mwvy,

0 otherwise.

q+1,
flv) =

Clearly, f is an IDF and f(V)=29+1 and hence,
71(8(Ky,g,2)) <29 + 1.

Since q > 3, each copy of K} , for i =2,3,..,q+1, con-
tains three or more leaves. So to Italian dominate these ver-
tices we need to assign weight at least 2 to the vertex v;v;.
Now in K} o the vertices vivj, j=2,3,..,q+1 are Italian
dominated by v;v;. So the only vertex which is not Italian
dominated in K] g 1s vivi. Hence, we have to assign weight
1 to vv;, so that, y;(S(Ky42)) >2q+ 1. Therefore,

71(S(K1,g2)) = 2q + 1. 0

Theorem 2.7. The perfect Italian domination number of the
generalized Sierpifiski graph S(K,4,2) is 7(S(Ky,q2

2(q+1), 9= 3.

Proof. Let vi,vs,...,v441 be the vertices of K; , where v; is
the universal vertex. Define the following function on
S(K1,4,2) as follows.

2if v=wvv, i=2,3,..

i) = {0 otherwise.

Clearly, f is a PID function and f(V) =2q+2 =2(q+ 1).
Therefore, 77 (S(Ki,4,2)) < 2(q + 1).

»q+1, and v=vv,,

In each Kj, for i=2,3,...,q+1,
which are not adjacent to vertices of other copies of Kj .
Hence, for any 7f-function f of S(Ki,g,2), fKi,)>2, i=
2,3,..,9+ 1. Also, it is optimum to assign the weight 2 to
v;v; where i =2,3,...,q+ 1. Now, the only vertex which is
not perfect Italian dominated is v;v;. We cannot give the
weight 1 to vivi, since, in this case >y, f(¥) =3, for
i=2,3,..,q9+ 1. Hence, we have to give weight to the verti-
ces of K, so that > v, f(u) =2, which results in
f(K{,) =2. Therefore, 7](S(Ki42))>2q+2=2(q+1).
Hence, 7 (S(Ki,4,2)) = 2(q + 1). O

there are g vertices

Theorem 2.8. The double Roman domination number of the
generalized Sierpinski graph S(Ky4,2) is yr(S(K1,q,2)) =
3g+2, q> 3.

Proof. The proof is similar to that of Theorem 2.6 with the
difference that the weights 2 and 1 are replaced by 3 and 2,
respectively. O

When p=g=2, K, ,=C,; and it is discussed in the
section 2.

Theorem 2.9. The Italian domination number of the general-
ized Sierpinski graph S(K34,2) is 7;(S(Kz¢,2)) = 2(q +2)
forp=2q>3.

Proof. Let V(K3 4) = {V1,v2,....,Vg42} be the vertex set of
K4 and d(v)) = d(v;) = q. Define the following function
on S(K5,4,2) as follows.

1 lf v = ViV, V,’Vz,i S {1,2,...

flv) = { 0 otherwise.

It can be easily verified that f is an IDF and f(V) =
2(q + 2). Therefore, y;(S(K,4,2)) < 2(q + 2).
In each Kj ,

adjacent to vertices of other copies of K, ,. So to Italian

,q+2},

there are at least two vertices which are not

dominate K;,q we need at least weight 2. Therefore,
71(8(Kz,4,2)) > 2(q + 2). Hence, 7;(S(K3,4,2)) = 2(g+2). O

Proposition 2.10. The perfect Italian domination number of
generalized Sierpinski graph S(Ky,3,2) is 17 (S(Ky3,2)) = 11.

Proof. Let {vi,v5,v3,v4,v5} be the vertex set of K, 3 where
{v1,v2} and {vs,v4,v5} are the partite sets of the vertex set.
Define a function f on S(K; 3,2) as follows.

2 if v=vv5, VsV,
1 if vy, i=3,4,j=1,2, and v = viv3, Vi Vg, VaVa,
0 otherwise.

fv)=

It can be easily verified that f is a PID- function and
f(V) =11 so that $/(S(Ky3,2)) < 11. (This labeling is illus-
trated in Figure 2.)

In each copy of K; ; there are at least 2 vertices which
are not adjacent to the vertices of other copies of Kj 3.
Hence to perfect Italian dominate each K}, we need

11



minimum weight 2. If possible, assume that f(K} ;) = 2 for
every i=1,2,3,4,5. In particular, f(Kj} ;) =2. Since v
and v;v, are not adjacent to any vertices of other copies of
K3, these vertices must be perfect Italian dominated by the
vertices of K} ;. Then, one of the following cases may arise.

Case 1: f(viv)) = f(vi1y) = 1.

Since f(K; ;) =2, f(viv;) =0. Since f is a PID function
ZueN(vlvj)f(Vlvj) =2 and hence f(vjv;) =0 for j=3,4,5.
Now, to perfect Italian dominate v;v;, we must have
S, f(vivk) =2, j=3,4,5. This implies, there exists at
least one vertex vjvx with f(vjvx) =0. To perfect Italian
dominate this vjvx, we must have f(vjv;) =2, which is a
contradiction to the fact that f (K§3) =2.

Case 2: 21.5:3]‘(1/11/]-) =2.

Then for the vertices v;vs, v1v4 and v;vs either two vertices
have weight 1 or one vertex has weight 2.

Subcase(a): Two vertices have weight 1 and the third vertex
has weight 0.

For definiteness, let f(viv3) = f(viv4) =1 and f(v;vs) = 0.
Now, to perfect Italian dominate v,vs we must have
f(vsvi) =2. Since f(K3,) =2, f(vsv2) =0. To perfect
Italian dominate wvsv, we must have f(v,vs) =2. Since
f(K33) =2, f(vav3) = f(v2v4) = 0. To perfect Italian dom-
inate v,v; and v,v, we must have f(vsv;) = f(v4v2) = 2. But
the vertices v3v; and v4v; are not perfect Italian dominated.
To perfect Italian dominate these vertices we need more
weight, which contradicts the fact that f(K} ;) = 2 for all i.

Subcase(b): One vertex has weight 2 and other vertices have
weight 0.

For definiteness, let f(v;v3) =2, and f(v1v;) =0, for i=
1,2,4,5. To perfect Italian dominate v;v4 and v;vs we must
have f(vqv1) = f(vsv1) = 2. Since f(K3 3) = f(K3 ;) =2, we
have f(v4v2) = f(vsv2) = 0. To perfect Italian dominate v4v,
and vsv; we must have f(v,vy) = f(vavs) =2, which is a
contradiction to the fact that f(K3 ;) = 2.

Theorem 2.11. The perfect Italian domination number of the
generalized Sierpiniski graph S(Ky,4,2) is ¥(S(Ky42)) =
2(q+3), forp=2, g > 4.

Proof. Let V(K3 4) = {v1,v2,....,vg42} be the vertex set of
K;,q where {vi,v,} and {vs,v4,...,vg2} are the partite sets

of K; 4. Define a function on S(K3, 4,2) as follows.
2if v=wwv;, i=12,
Lif v=wvvy, vy, i=3,4,..,9+2, v=vv,i=1,2,

flv) =

0 otherwise.

Clearly, f is a PID-function and f(V)=2(g+3) so
that 17 (S(K2,4,2)) < 2(q + 3).
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Figure 2. lllustration of S(K,3,2).

Since in each copy of K} g there are at least two vertices
which are not adjacent to vertices of other copies of K g4,
we need at least weight 2 to perfect Italian dominate each
K; ;. If there are two copies of Ky 4 with f(Kj ) =3, then
f(S(Kz,4:2)) = 2(q + 3). Therefore, if possible assume that,
there exists exactly one copy of K, ; with f(K5 ) = 3 and all
other copies have weight 2. Then either f(K} g) =2 or
f(K3,) = 2. For definiteness, let f(K; ) =2. Since both
viv; and vyv, are perfect Italian dominated by the vertices
of K} o> one of the following cases arises.

Case 1: f(viv)) = f(vy1a) = 1.

Since f(K; ) =2, f(vvj) =0 for j=3,4,..,9 + 2. Since f
is a perfect Italian dominating function ZueN(mj) flu)y=2
so that f(vjv;) =0 for j=3,4,..,94 2. To perfect Italian
dominate v;v;, we must have ZueN(v,vl)f(”) =2. This
implies, there exists at least two vertices v;vx such that
f(vjvk) =0 for j,k=3,4,..,q9+2, and hence f(vjv;) =0,
which implies f(K} ) =4 for i =3,4,..,q+2, which is a
contradiction.

Case 2: Z]q;z (vivj) = 2.

Then for the vertices viv3,v1vy, ..., ViVg,2 either two vertices
have weight 1 or one vertex has weight 2.

Subcase (a): f(v1vj) =1 for exactly two j's, and f(viv;) =0
for all other j's, j =3,4,...,q+2.

For definiteness, let f(viv3) = f(viva) = 1. Since f(K; ) =
2, f(v1vj) =0 for j=5,6,...,q + 2. To perfect Italian dom-
inate vv; for j=5,6,...,q+2 we must have f(vy) = 2.
Since f (K]2 2) =2, f(v»2) =0. To perfect Italian dominate
vjv, we must have f(v,v;) =2, for j=35,6,....,q+2. This
implies, f(K5,4) > 4, which is a contradiction.

Subcase (b): f(vv;) = 2 for exactly one j and f(v,v;) = 0 for
all other j's, j=3,4,...,q+2.
For definiteness, let f(viv3) =2 and f(viv;) =0 for j=
4,5,...,q + 2. To perfect Italian dominate v;v; we must have
f(vjv1) = 2. Since f(K’Zq) =2 we must have f(v;1;) = 0. To
perfect Italian dominate v;v, we must have f(v,v;) = 2. This
implies that f(K3 4) > 6, which is a contradiction.

Therefore, 1} (S(K»,q,2)) > 2q + 6. Hence, 1 (S(Kz,4,2)) =
2(q+3). O
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Theorem 2.12. The double Roman domination number of
generalized Sierpifiski graph S(Ky,3,2) is yr(S(Ky,3,2)) = 18.

Proof. Let {vi,v5,v3,v4,v5} be the vertex set of K3 where
{v1,v2} and {vs,v4,vs} are the partite sets of the vertex set.
Define a function f as follows.

3 0f v=1v1V3,VaVs, VaVs, V3Va,VaVi, VsVi,

flv) = {0 otherwise.

Clearly, fis a DRDF and y,4;(S(K3,3,2)) < 18.

To prove the reverse inequality, note that in each copy of
K, 3 in S(K, 3,2) there are at least two vertices which are
not adjacent to other copies of K, ;. Hence, for any y,z-
function f of §(K3,3,2), f(K5 ;) >3 forall i € {1,2,...,5} so
that f(S(K,3,2)) > 15. Therefore, in order to prove
74r(S(K3,3,2)) = 18, we need only to prove that there does
not exist any DRDF with weight 15, 16 or 17.

Claim 1: There does not exist a DRDF f with f(S(Kj, 3,
2)) = 15.

Proof of Claim 1: If there exists a DRDF f with
f(8(Ky3,2)) =15, then f(vivj) =3 for exactly one j=
3,4,5. For definiteness, let f(v;v3) =3. Now to double
Roman dominate v;v4 and vivs, f(v4v1) and f(vsv;) must
be three. Since, f(K; ;) = f(K3 ;) = 3, v4v, and vsv; should
be double Roman dominated by v,v4 and v,vs respectively
which makes f(K3 ;) > 6 which is a contradiction.

Claim 2: There does not exist a DRDF f with f(S(K;, 3,
2)) = 16.

Proof of Claim 2: If there exists a DRDF f with
f(S(K2,3,2)) = 16, then f(Ky;) =4 for exactly one i, with
1 <io <5and f(Kj ) =3, for every i € {1,2,...,5}, i # i.
Then at least one among f(K} ;) and f(K3 ;) must be 3. For
definiteness, let f(Kj ;) = 3. Since f (K} ;) <4, for every j =

2,3,4,5, we get the same contradiction as in the proof of
claim 1.

Claim 3: There does not exist a

f(8(Ky3,2)) = 17.

DRDF f with

Proof of Claim 3: If there exists a DRDF f with
f(8(K3,3,2)) = 17, then the following two cases arise.
’3) =5 for exactly one iy with 1<iy <5 and
f(Kj5) =3, for every i € {1,2,..,5}, i # io.

| ,) = 4 for exactly two i's say iy, jo with 1 < iy, jo <
K} ;) =3, for every i € {1,2,..,5}, i # io,jo-

v
o
o]
2!

=

—

In case (i) at least one among f(Kj ;) and f(Kj ;) must
be 3. For definiteness, f(Kj ;) = 3. Then as in the proof of
claim 1 we may take f(vivs) = f(vavy) = f(vsvp) =3. If
f(K35) =f(K5 ;) =3, then we get the same contradiction
as in the proof of claim 1. Hence one among f(K3 ;) and
f(K3,) must be 5. For definiteness let f(Kj ;) =5. Since

f(K3 ;) =3, to double Roman dominate vsv, f(v,vs) = 3.
But v,v4 is not get double Roman dominated and hence
f(K3,) > 3, which is a contradiction. Hence, we conclude
that y,z(S(Ky,3,2)) > 18. O

Now we obtain the Italian domination number, perfect
Italian domination number and double Roman domination
number of Sierpinski graph of bistar B, ,, when t=2.

Theorem 2.13. The Italian domination number of the
generalized Sierpinski graph S(Bu,u,2) is y(S(Bmn>2)) =
4m+n+1), mmn> 3.

Proof. Let V(B n) = {V1,V2s s Vis Vit 1> Vit 25« > Vs Vit 1
Vmini2} be the vertex set of B, ,. Let d(vyyni1) =
m+1,d(Vmini2) = n+ 1. Define a function f on B,,, as
follows.

2. f V= "Yuint1Vimintzs Vmint2Vmini1 OF
V= ViVmin+l> ViVmintsr 1 € {1,2,...,m+n},

fv) =

0 otherwise.

Clearly, f is an IDF and f(V) =4(m+n)+4=4(m+n+
1) so that y,(S(By,n,2)) < 4(m+n+1).

In each Bi , for i€ {1,2,..,m+n} there are m+n
leaves. To Italian dominate these copies we need at least
weight 4. For that, it is optimum to assign weight 2 to the
vertices ViVpips1 and Vivypnio. In Bl "™ and Bt there
are only n and m leaves, respectively. To Italian dominate
these vertices we mneed at least weight 2. Therefore,
(SBun,2)) > 4(m+n)+2+2=4m+n+1). Hence,
P1(SBpyn,2)) =4(m+n+1). O

Corollary 2.14. The perfect Italian domination number of
the generalized Sierpifiski graph S(By, »,2) is V7 (S(Bm,2)) =
4m+n+1).

Proof. In the proof of the above theorem we have defined
an Italian dominating function with the property that
every vertex with weight 0 is adjacent to exactly one ver-
tex with weight 2. Therefore, 7 (S(Byn2)) < 4(m+n+
1). We know that 9;(S(By,12)) < 17(S(Bm,»»2)). Hence,
y‘;(S(Bn,n,Z)) = 4m+n+1). O

Theorem 2.15. The double Roman domination number of the
generalized Sierpiniski graph S(Bp,n,2) is Par(S(Bm,n>2)) =
6(m+n+1), mn>3.

Proof. The proof is similar to that of Theorem 2.13 with the
difference that the weight 2 is replaced by 3. O
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Abstract: In this paper, an upper bound for the perfect Italian domination number of the
cartesian product of any two graphs is obtained and the exact value of this parameter for carte-
sian product of some special graphs are obtained. We have also proved that for any two positive
integers a, b there exists a graph G and an induced subgraph H of G such that v7(G) = a and
¥ (H) = b. Relationship of the perfect Italian domination number with the Roman domination
number and the perfect domination number of a graph G are obtained and the corresponding re-
alization problems are also solved. We have also obtained the perfect Italian domination number
of the Mycielskian of a graph in terms of the perfect domination number of the graph. Some
open problems related to this parameters are also included.

1 Introduction

Let G be a simple graph with vertex set V(G) and edge set E(G). If there is no ambiguity in
the choice of G, then we write V(G) and E(G) as V and E respectively. A subset S C V(G)
of vertices is called a dominating set if every v € V(G) is either an element of S or is adjacent
to an element of S [12]. The domination number, v(G) is the minimum cardinality of a dom-
inating set of G. A dominating set S is a perfect dominating set if |V (v) (S| = 1 for each
v € V — S, where N (v) is the collection of all vertices that are adjacent to the vertex v. The per-
fect domination number, v, (G) is the minimum cardinality of a perfect dominating set of G [12].

The weight of a function f defined on the vertex set V' of a graph G, f(V')is >, o f(u).
Amap f: V(G) — {0,1,2} is a Roman dominating function for a graph G if for every vertex
v with f(v) = 0, there exists at least one vertex u € N(v) such that f(u) = 2. The minimum
weight of a Roman dominating function on G is called the Roman domination number of G,
r(G) [4].

An Ttalian dominating function, of a graph G is a function f : V(G) — {0, 1,2} satisfying
the condition that for every v € V(G) with f(v) = 0,3, c n(,) f(u) = 2, ie., either v is adjacent
to a vertex v with f(u) = 2 or to at least two vertices x and y with f(z) = f(y) = 1. The Italian
domination number of G, v;(G) is the minimum weight of an Italian dominating function on G
[10].

A function f : V(G) — {0,1,2} is a perfect Italian dominating function (abbreviated as
PID-function) on G if for every vertex v € V(G) with f(v) = 0, }° cn(,) f(u) = 2. The
perfect Italian domination number of G, v/ (G), is the minimum weight of a PID-function of G.
A PID-function of G with weight 77 (G) is called a 77 (G)-function of G [11].

We also denote a function f : V(G) — {0, 1,2} as f = (Vi Vi, V) or simply (Vo, Vi, V5),
where V; is the set of all vertices which are assigned the value ¢ for i = 0,1,2. For any
subgraph H of G, the sum of the weights of the vertices of H is denoted by f(H). i.e.,
f(H) = ¥ evim f(u). In [9] the authors characterize the graphs G with 77(G) equal to 2
and 3 and determined the exact value of the parameter for several simple structured graphs. It
is also proved that it is NP-complete to decide whether a given bipartite graph admits a perfect

15



Perfect Italian Domination Number of Graphs 261

Italian dominating function of weight k. The perfect Italian domination number of Sierinski
graphs and generalized Sierpifiski graphs are studied in [8] and [7] respectively.

For disjoint graphs G and H, the join G + H has vertex set V(G) U V(H) and edge set
E(G)UEH)U{w : v € V(G) and v € V(H)} [12]. The Cartesian product of two graphs
G and H, GOH has vertex V(G) x V(H) and two vertices (u;,v;) and (uy, v,) are adjacent if
either u; = up and vjvy € E(H) or vy = vy and uju; € E(G) [5]. It is a simple observation that
GOH can be partitioned as |V (H)| copies of G and |V (G)| copies of H.

The Mycielskian of a graph G, M (G) is the graph with vertex set V(G)UV'(G) U{w} where
V(G) = {u; : v; € V(G)} and edge set E(G) U {v;u; : vv; € E(G)} U{wuy,; : u; € V'(G)}.
The double Roman domination number and the Italian domination number of the Mycielskian
of a graph have been studied in [2] and [6].

The following observations are simple.
Observation 1. For a graph with no edge and n vertices, 7/ (G) = n.

Observation 2. For any complete bipartite graph K, ;,

, 4, p,g>3
P K _ y 4 I
7 () {2, otherwise.

Observation 3. For complete graph K, 77 (K,,) = 2.
Observation 4. For every graph G, v(G) < v/(G) < ¥(Q).

Observation 5. Let G be a graph. +7(G) = 2 if and only if G = H; V H, where H; =
K], K2 or 2K1

Proof. If 47(G) = 2, in a PID-function of G, either a vertex v is assigned the value 2 and all
the remaining vertices are adjacent to v or two vertices v and w are assigned the value 1 and all
the remaining vertices are adjacent to both v and w. The adjacency between v and w is optional.
Therefore, G is K V Hy, K, V Hy or 2K V H,. The converse is a simple observation. O

All notations and terminology not mentioned here are from [3].

2 Cartesian Product

In this section, we have obtained an upper bound for the Cartesian product of two graphs in terms
of the original graph. Exact values for some special classes are also obtained.

Theorem 2.1. For any graphs G and H
v (GOH) < min{|V (H)|v} (G), [V (G) vy (H)}-

Proof. Let g be v7-function of G. Let f : V(G) x V(H) — {0,1,2} be ~/-function of GOH
defined by f(u,v) = g(u), forevery u € V(G) and v € V(H). Then a vertex (u,v) has weight
zero, then it has neighbors with weight exactly two and all other vertices which are adjacent to
(u,v) has weight zero. Therefore, f is a v¥-function, and 7 (GOH) < |V (H)|¥(G). Using the
same arguments we can prove that v/ (GOH) < |V (G)|+7(H). Therefore,

v (GOH) < min{|V (H) v} (G), [V(G) v} (H)}.
O

There are examples of pairs of graphs for which equality and strict inequality of the above
theorem are attained. For instance, let G = P, and H = P,. Then 7/ (GOH) =4 < 6 =
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min{|V(H)

NV (G),|[V(G)|V](H)} and let G = K3 and H = P3. Then /(GOH) =6 =
min{|V(H) |7 (G), V(&) vy

(G)ri (H)}-
The following theorem proved in [1] is used in the proof of Theorem 2.3
Theorem 2.2. ([1].) v;(P,0P,) =n

Theorem 2.3.
n+1;ifn = 1,3,5

n; otherwise.

7‘17)(P2|:|Pn) - {

Proof. Let f = (Vy, Vi, V) be the 47 function of P,OIP,. Let uy, us, us, ..., u, be the vertices of
the first copy of P,, and vy, v;, vs, ..., v, be the vertices of the second copy of P,,. We know that
v1(P,OP,) = n and by observation 4, v;(G) < 47 (G). Therefore, 7 (P,0P,) > n

When n = 2, P,OP, is Cy and 77 (Cy) = 2.

When n = 3, define f as follows.

2, u = wvs3,
flu) =915 u=u,uv,
0; otherwise.

Then ~7(POPR,) = 4.

When n = 4, define f as follows.

Flu) = {1; U= u27.u37U1»U4a

0; otherwise.

Then A7 (POPR,) =4

When n = 5, define f as follows.

2, u = us

—_

flu) =

;U= Uy, U4, 02,03,
0; otherwise.

Then ~7(P,OP,) = 6.
When n = 6, define f as follows.
15 u = uy, u3, ug, v1,v4, vs,
flu) =1 .
0; otherwise.
Then ~7(P,OP,) = 6.

When n > 7, and n is odd, define f as follows.

2, u=u;, j=4(mod6)

1; u=uj, j=1(mod6),
u=vj, j = 0(mod2);

0; otherwise.

flu) =

When n is even, define f as follows
I; uw=uj, j=0,1(mod4),
flu) = u=vj, j =2,3(mod4);
0; otherwise.
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Clearly, in each case, f is a y7-function and f(V') = n. Hence the theorem.

Theorem 2.4. If m and n are positive integers then

n,if m=n

P(K,,OK,) =
71 (Kom ) {min{2m,2n}; otherwise.

Proof. Let f = (Vy, V1, V2) be the A¥-function of K,,,[JK,,. As we have already mentioned in
the introduction K,,[1K,, can be viewed as m rows of K, and n columns of K,,. Let u; ;,
i=1,2,..mand j = 1,2,...n be the vertices of K,,[1K,.

Case 1: m = n.

Define f as follows.

Flusy) = {1; i=j,

0; otherwise.

Then ~7 (K,0K,,) < n.
Claim: Exactly one vertex in each copy of K, has weight 1.

If possible assume that there exists a copy of K,, in which all vertices have weight 0. Then
these vertices are dominated by vertices from corresponding columns. Then each column should
have weight 2, i.e., f(V) =2n > n.

If possible assume that there exist a copy of K,, which has weight at least 2. Then either there
is a vertex with weight 2 or two vertices with weight 1 each in that row.

Case (a): Let u;; and u;;, be the two vertices with weight 1.

Then in the i row either all other vertices have weight 1 or all other vertices have weight 0.
If all other vertices are assigned zero then vertices in the corresponding column is zero. In order
to dominate these vertices we have to assign weight 2 in each row. Then f(V) = 2n > n. If all
other vertices are assigned weight 1, then to dominate any vertex with weight O in any other row
we have to assign a vertex with weight 1 in each row. Then f(V) =2n —1 > n.

Case(b): Let u;; be a vertex in it" row that has weight 2.

Similar to case(a), we can prove that, in this case also f(V) = 2n > n.
Therefore, weight of each row is one and hence, 77 (K,0K,,) = n.

Case 2: m # n.

Without loss of generality, let m < n. Define f as follows.

Fuy = {F =12 mand j=1,
771 0; otherwise.

Then v} (K,,0K,,) < 2m = min{2m, 2n}.

If for every 77 -function f, 377 f(u;;) = 2, for each 4, then 77 (K, 0K },) = 2m. Therefore,
assume that there exists a 77-function f such that 377, f(u;;) < 2 for some i = k. Therefore,

> iy f(ug;) =0or 1.

If 377, f(ux;) = O then to dominate uy; for j = 1,2, ...n, ZEJ:l f(u;j) = 2 which implies
f(V)) = 2n > 2m, which is a contradiction to the fact that f is a 7/-function.
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If 37 | f(ug;) = 1 then there exists I such that f(uy;) = 0,if j # l and f(uy;) = 1. But then
to dominate uy;, j # I, Y .y f(u;;) = 1. ie., exactly one vertex in each column has weight
1 and all other vertices have weight 0. But number of rows is less than number of columns.
Therefore, there are more than one vertex with weight 1 in at least one row, say ¢ = k . But, then
>y fuy ;) = 20rn. I 3750 f(uys;) = 2 then exactly two vertices in the (k/)th row have
weight 1 and all others have weight 0. Also, the column containing this 0’s must be full of 0’s.
But this contradicts the fact that 37, f(u;;) = 1, for all j # I. Therefore, -7, f(uy ;) = n.
Butthen f(V)=n+m—1>m+1+4+m—1(since,n >m+ 1) =2m.

Therefore, if m # n then 4 (K,,0K,,) = 2m, where m < n.

3 Realization problems

Theorem 3.1. Given any two positive integers a, b > 3, there exist a graph G and induced
subgraph H of G such that 7 (G) = a and ~7(H) = b.

Proof. We consider the following three cases.
Casel: b <a.

Let G = Py,—1 and H = Py,_;. Then +7(G) = [W} =a,and v} (H) = [%1 =
b.

Case 2: b > a.

Let vy, vy, ...v35—1 be a path on 2b — 1 vertices. Construct G as follows. Let u and v be
two vertices adjacent to vp4_3,U24—2,..-U2p—1 and let vy,_4 be adjacent to v alone. Clearly,
Y (G) = [2¢5+1] + 2 = a. Also H = P, is an induced subgraph and v} (H) = b. m]

Lemma 3.2. For any graph G, vg(G) < 2+4/(G) — 1.

Proof. Let f = (Vof, Vlf, sz) be a 7¥-function of G. Let u € Vlf. Define g = (Vof, u, Vlf UVZf —
u). Since every vertex in Vof is adjacent to exactly one vertex in V2f or two vertices in Vlf , in
g every vertex in V/ will have at least one neighbor with weight 2. Therefore, this assignment
gives a Roman dominating function. Now ¢(V) = 2(|V1f U sz |) — 1 <247(G) — 1. Therefore,
a(G) < 292(G) — 1. o

If yr(G) = 1, Gis Ky, and 77 (G) = 1 and vice versa. Similarly, if yz(G) = 2 then G has a
universal vertex and 77 (G) = 2, but the converse is not true. If v5(G) = 3 and ¥ (G) = 2, then
let G = KZ,n-

Theorem 3.3. Given a,b > 3 such that a < 2b — 1, then there exists a graph G such that
vr(G) = aand ¥ (G) = b.

Proof. We consider the following cases.
Casea: a>3,b>a+1andais odd.

Consider K,V P, 3, where p is arbitrarily large. Attach a vertex u to every vertex of K7V FPy,_3
and a pendent vertex v to an end vertex of P,_3. Then yz(G) = 3 where yr-function f can be
defined as f(u) =2, f(v) = 1and f(v;) = 0 for all other vertices. Also, v7(G) = b where ~7-
function g can be defined as g(u) = 2, g(v) = 1 and all the vertices of P,_3 has weight 1. If we
attach a P to the vertex u by an edge then v(G) = 3+2 = 5 and v} (G) = b+ 2. Similarly, by
attaching Pjy, to the already attached Pj, we can get yr(G) = 3+2k and +/(G) = b+2k,b > a.

Caseb: a >4,b>a+1andais even.
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Consider KV P,_4, where p is arbitrarily large. Attach a vertex u to every vertex of K7V P, 4
and attach both the vertices p and ¢ of K; to an end vertex of P,_4. Then yg(G) = 4, where
yr-function f can be defined as f(u) = 2 and f(p) = f(q) = 1. Also, ¥/(G) = b, where
~v¥-function g can be defined as g(u) = 2, g(p) = g(¢) = 1 and all the vertices of P,_4 has
weight 1. Attach a P; with u by an edge then vz(G) = 4 + 2 and 77 (G) = b+ 2 . Similarly, by
attaching Py, as in the previous case we can get yr(G) = 4 + 2k and v/ (G) = b+ 2k, b > a.

~—

Case ¢: a = b and a is odd.

Consider P>,_1. Let vy, v, v3, ..., v24_1 be the vertices of P»,_1. Let u be a vertex which is
attached to vy, v4, vg, ...v24—2 and also vy and va,—1. Then vg(G) = a, where yr-function f can
be defined as f(u) =2, f(v3) = f(vs) = f(v7) = ... = f(vaa_3) = 1, f(v) = 0, for all other
vertices and 77 (G) = a, where 77-function g can be defined as g(vi) = g(v3) = g(vs) = ... =
g(v2a—1) = 1, g(v) = 0, for all other vertices. In particular, when a = 5 the graph is given in
Figure 1.

Figure 1. A graph witha =b =15

Similarly, we can construct all graphs with yz(G) = 77 (G) when vz (G) is odd. So we have
constructed all graphs with a < b.

Cased: a > b.

Let GG be the graph constructed as follows. Let vy, vy, , ..., v, be a set of independent vertices.
Corresponding to every pair (v;,v;),7 # j let u;; be a vertex adjacent to v; and v; alone. Then
YW(G) = b, where f(v;) = 1, forall i = 1,2,3,...;band f(u;;) =0, foralli,j € {1,2,3,..b}
and ¢ # j is a 77-function of G. But vz(G) = 2b — 1, where g(v;) =2, fori = 1,2,3,...,b — 1
and g(vp) = 1 is a yg-function. In particular, when a = 7 and b = 4, the graph is given in Figure
2.

Figure 2. A graph witha =7 and b = 4

Now, if we delete one vertex from the °C, vertices, 77 (G) will not change, whereas vz (G)
reduces by 1. (Note that h(vy) = 2 forall k € {1,2,3,...,0} \ {i} and h(v;) = 1 is a yg(G)-
function of G). Proceeding like this we can reduce v (G) up to 47 + 1. Hence the theorem.

i
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4 Relation with perfect domination number

In this section, we study the relationship between perfect Italian domination number and perfect
domination number of a graph. The following are simple observations.

Observation 6: 17 (G) < 27,(G).

Proof. Let P be a y,-set of G. Then

Fo) = {2; ifveP,

0; otherwise.
is a PID-function. Therefore, v/ (G) < 2v,(G). o
Observation 7: If there exists a y/-function of G such that V; = ¢ then 17 (G) = 27,(G).

Proof. If there exists a »}-function of G such that V; = ¢, then the vertices which are assigned
the value 2 forms a ~,-set. Therefore, ,(G) < 377(G). Hence, 7/(G) > 27,(G) and by
observation 6, v/ (G) = 27,(G). o

We know that the Italian domination number of a graph G lies between v(G) and 2v(G).
Here we have proved that 17(G) < 2+, (G). It is most expected that ~,(G) serves as a lower
bound for 47(G). But this is not true and 77 (G) can be arbitrarily smaller than ~,(G). The
following theorem settles the corresponding realization problem.

Theorem 4.1. Given any two positive integers a, and b such that b < 2a there exists a graph G
such that v,(G) = a and +}(G) = b.

Proof. Let a and b be any two positive integers such that b < 2a.
Casel: a <b<2a-1.

Consider k copies of Ps, say v;1vpnv3v4v;5 for i@ = 1,2,...k, where v;1 = wvj1, for all
i,j € {1,2,...,k}. Then 7(G) = 2k + 1, where ~7-function f can be defined as f(v;1) =
f(viz) = f(vis) = 1, forall i = 1,2,...,k and 0, otherwise. Also 7,(G) = k + 1, where the
perfect dominating set consist of the vertices v;; and vy, i = 1,2, ..., k. If we extend the path
V11012013V14015 to a path of length 21 4 5, then 77 (G) = 2k + 1+l and ,(G) = k+ 1 + . Let
k=b—aandl=2a—b—1,s0that,(G) =aand~} =b.

Case 2: b = 2a.

Let G be the graph P, : vjvs,...,v,, With atleast two pendent vertices attached to every
v, i = 1,2, ...,a. Then +/(G) = 2a and 7, (G) = a.

Case 3: a > b.
Subcase (a): b — a is even.

Let G = K§ + kK,. Then 7/(G) = 2, where vertices of K¥ is assigned the value 1 and
others 0, is the 77-function of G. But the v,-set contains all the vertices of the graph and hence
7p(G) = 2k + 2. By attaching a path of length 2! to one of the vertices of K¥, as in case 1, we
get 77 (G) =2+ 1land v,(G) =2k +2+ 1. Letk = 252 and I = b — 2 so that v,(G) = a and
7 =0

Subcase (b): b — a is odd.

Let G = K5 + (K3 U kK>). Then as in the previous case, 7/ (G) = 2 and 7,(G) = 2k + 5.
By attaching a path of length 2/ to one of the vertices of K5, we get 77 (G) = 2+ 1 and ,(G) =
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2k+5+41. Letk = “=2=3 and | = b — 2 so that 7,(G) = a and 7} = b.

5 Mycielskian of a graph

In this section, we study the relationship between the perfect Italian domination number of My-
cielskian of a graph and the perfect domination number of the graph.

Theorem 5.1. For a connected graph G, 7 (M (G)) < 2v,(G) + 1.

Proof. Let P be a y,-set of G. Let P' = {u;,v; : v; € P} U{w}. Define a PID-function as

follows.
I;ifve P,
fv) = {0; otherwise.
Then f(M(G)) = 27,(G) + 1. Therefore, v} (M (G)) < 27,(G) + 1. i

Although, many graph classes satisfy equality, it may be noted that there are infinite number
of families of graph which satisfy strict inequality. If we consider the graph G = K3 \/ kK>,
then ¥ (M(G)) = 6 and v,(G) = 2k + 2, so that the difference can be arbitrarily large. An
illustration where & = 2 is given in Figure 3, in which f(v3) = f(v4) = f(u1) = f(uz) = 1 and
f(w) =2 gives a v7-function of M (G).

Figure 3. M (K5 V 2K5).

Theorem 5.2. If G has a ~}-function such that Vi = ¢, then v} (M (G)) = 77 (G)+1 = 2,(G)+
1.

Proof. Assume that G has a ~/-function f such that Vlf = ¢. We can define a perfect Italian
dominating function g : V(M (G)) — {0,1,2} as follows.

1; for v =wv; and u; such that f(v;) =2 and v = w,

g(v) =

0; otherwise.
Therefore, v/ (M (G)) < +}(G) + 1.
To prove the reverse inequality, let f be a PID-function of M (G).

Case 1: " | f(u;) # 2.
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Define g : V(G) — {0, 1,2} as follows.

20 4f f(vi) + f(w)
g(vi) = S 15 if f(vi) 4 flus)

0; otherwise.

2,
1

3

Note that f(v;) + f(u;) < 2, for every i = 1,2,...,n. Then g is a PID-function of G, since
Ne(vi) = Nag(ey(wi) NV(G).

Case2: > " | f(u;) =2.

In this case, either there exists one vertex u; with f(u;) = 2 or there exist two vertices u; and
Uj with f(ui) = f(uj) =1.

Subcase(a): There exists one vertex u; with f(u;) = 2.

Without loss of generality let f(u;) = 2 and f(u;) = 0, for all ¢ = 2,3, ..., n. If possible as-
sume that there exists a v; € N(uy) such that f(v;) = 0. But, we have f(u;) = 0 which implies
that >~ f(N(u;)) = 2and hence, > f(N(v;)) = f(N(u;))+ f(u1) — f(w) = 2. This implies,
f(w) = 2. Therefore, 3°, Ny, —quwy f(¥) = 0, forall i = 2,3,...,n. This implies f(z) = 0
for z € N(v;), for all i = 2,3,...,n. But, then v]s are perfect Italian dominated by ;. This
means v; is a universal vertex of G and also f(M(G)) > 4. But, g(v;) = g(u1) = g(w) = 1
is a PID-function of M (G) with weight 3, which is a contradiction to the fact that f is a ~7-
function of M(G). Therefore, none of the vertices in V(G) is perfect Italian dominated by u;.
Therefore, f restricted to G is a PID-function of G and f(G) < f(M(G)) — 2. Therefore,
YW(G) < AP(M(G)) — 2 so that, v7 (M (G)) > ~¥(G) + 2, which is a contradiction to the fact
that 7/ (M (G)) < 4% (G) + 1. Therefore, such a case dose not exist.

Subcase(b): There exist two vertices u; and u; with f(u;) = f(u;) = 1.

Without loss of generality, let f(u;) = f(up) = 1 and f(u;) =0, forall i = 3,4,...,n. Asin
the above case, there dose not exist v; € N(u1) |JN(uz), ¢ # 1,2 suchthat f(v;) = 0. If vy, v, ¢
N(u1)UN(uz), then again f/G is a PID-function of G and hence v} (G) < A7(M(G)) — 2,
which is not possible. Therefore, assume that vy, v € N(u1)J N(uz). i.e., v € N(uz) and
vy € N(up). If f(v1) = f(v2) = 0 then define g : V(G) — {0, 1,2} as follows.

floi)s i # 1,2,
0; i =2.

If f(v;) =0and f(v2) # 0 then define g : V(G) — {0, 1,2} as follows.
L ffw)i# 2,
9lve) = {f(vz) Y 1i=2.

The case f(v;) # 0 and f(v2) = O can be delt similarly. If both f(v;) and f(v2) are non-zero
then f/G is a PID-function, which again leads to a contradiction. In all the cases 77 (G) <
Y7 (M(G)) — 1. Therefore, v/ (M (G)) = 17 (G) + 1.

By Observation 7, we know that v/ (G) = 2+, (G). Therefore, v (M (G)) = 27,(G) + 1. o

Corollary 5.3. For any graph G with a universal vertex, 7 (M (G))) = 3.

6 Conclusion and Open Problems

In this paper, we have already given some examples of graphs which satisfy 17 (G) = 2v,(G).
Let G be a graph with n vertices and let & = {H; : ¢ = 1,2,...,n} be a family of n graphs
(not necessarily non-isomorphic). We define the corona of G with &, G ® & as the graph with
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vertex set V(G) UV (H;),i=1,2,...,n and edge set E(G) U E(H;) U{vu:u € V(H,;), for all
i=1,2,...,n}. When H; = H, for all i, G ® S reduces to the usual corona of G and H, G ® H.
G oS satisfies, 17 (GOS) = 27,(GOS), if [V(H;)| > 1 foralli = 1,2, ...n. Any supergraph of
the above graph obtained by adding edges between H/s, to some extend, also satisfy the above
equality.

H, H>

Vi W V2

Figure 4. Structure of G © 3.

Though we have infinitely many graphs which satisfy this equality, the charecterization prob-
lem is still open.

Problem 1: Characterize graphs for which 77 (G) = 27,(G).

In Theorem 5.2 we have proved that, if G has a v -function such that V; = ¢, then~7 (M (G)) =
Y (G) + 1 = 2v,(G) + 1. Let G be the graph P; ® K;. Here, v,(G) = 3, /7(G) = 4 and
W(M(G)) = 7 = 2v,(G) + 1. But there dose not exist a v7-function of G in which V; = ¢.
Therefore, the converse of the theorem is not true for the equality 7 (M (G)) = 2v,(G) + 1. But
we strongly belive that the converse of the Theorem 5.2 is true for 7/ (M (G)) = 77(G) + 1. So
we have the following open problems.

Problem 2: Characterize graphs for which v/ (M (G)) = 2v,(G) + 1.

Problem 3: Prove the converse of Theorem 5.2 for the equality 7 (M (G)) = +7(G) + 1. ie; if
W(M(G)) =~+¥(G) + 1, then there exists a ¥-function of G for which V; = ¢.

We know that, if there exists a y7-function of G such that V; = ¢ then +/(G) = 2,(G).
Therefore, if we can prove Problem 3 and if Class A and Class B are the classes of graphs which
satisfies Problem 1 and 2 respectively, then the intersection of Class A and Class B is precisely
the collection of graphs for which there exists a v¥-function such that V; = ¢.
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ABSTRACT

Formalin has long been used for traditional treatment of fish ectoparasites, even though it is a highly toxic
compound. Besides this, formalin is a one of the major constituent of plywood mill effluent. Perumbavoor,
Ernakulam (district) of Kerala is one of the major plywood industrial belt and hundreds of plywood factories
have been working in a limited area. All these plywood factories are discharging effluents directly into the
nearby water bodies without any proper treatments. Hence a detail study is necessary to evaluate the impact of
formalin on aquatic organisms especially fishes. In this ground a study was undertaken to evaluate
haematological and biochemical changes resulting from the exposure of Oreochromis niloticus to sub lethal
concentrations of formalin (1/80" (0.175 ml), 1/70™ (0.2 ml) and 1/50" (0.28 ml) dilution of LC50 of
formaldehyde) for a period of 20hrs, 100hrs and 300 hrs. It is noted that with an increase in the concentrations
and exposure period, the total count of RBC, haemoglobin, PCV, MCH, MCHC and MCV decreased as
compared to that of the control. The WBCs count increased with increase in concentration and exposure period.
Blood Glucose level showed an increasing trend with dosage and exposure time. Total Protein, Globulin and
Albumin were lower in exposed fish as compared to control. The changes observed in this study indicated that
haematological and biochemical parameters can be used as an indicator of formalin related stress in fish. The
current work emphasized the necessity to regulate the discharge of formaldehyde from domestic and industrial
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Optoelectronic Properties of Polycyclic Benzenoid
Hydrocarbons of Various Sizes and Shapes for
Donor-mt-Acceptor Systems: A DFT Study

Ramachandran Rakhi®® and Cherumuttathu H. Suresh*® "

The zigzag and armchair-edged benzenoid polycyclic aromatic
hydrocarbons (PAHs) possessing circular, parallelogram, rectan-
gular and triangular shapes have been studied for a systematic
evaluation of their optoelectronic properties for the design of
donor-m-acceptor (D-m-A) systems using M06L/6-31 + G(d) level
of density functional theory (DFT). Molecular electrostatic
potential (MESP) analysis of the PAHSs is done to characterize
their electron distribution while the time-dependent DFT (TD-
DFT) analysis was used for the absorption spectral analysis.
MESP analysis showed Clar's sextet like electronic arrangement
in armchair-edged systems whereas zigzag-edged ones showed
significant electron localization towards the edges. The absorp-
tion spectra revealed a linear trend in absorption maximum
(Amay) for most of the armchair-edged systems with respect to
the number of m-electrons. MESP based assessment of the

Introduction

The field of molecular materials flourished in the 21* century
after the isolation of graphene by Nobel Prize winners Geim
and Novoselov,™ while the pioneering theoretical work on such
a system was done by P. Wallace in the year 1947.2 Graphene
is a benzenoid type polycyclic aromatic hydrocarbon (PAH),
characterized with a flat monolayer of sp? carbon atoms
wherein the CC bond connections favor a two-dimensional
extended m-conjugation®®! and yields exceptional electronic,
thermal and mechanical properties.® Despite being one atom
thick, graphene can be optically visualized.”® Together with
this visibility, other remarkable optical properties like hot
luminescence, saturable absorption, and broadband applicabil-
ity renders graphene an ideal photonic and optoelectronic
material.*””

Large flakes of graphene or an extended PAH system can
be termed as nanographene,”'®*¥ the properties of them are
largely influenced by the size and edge shape.?*® As the size
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electron rich/deficient features of PAH systems led to the
design of PAH-m-PAH type D-m-A systems wherein a conju-
gated diene moiety functions as the m-spacer. The D-m-A
behaviour of these systems significantly enhanced with the
introduction of electron donating functional group NMe, on
donor PAH and electron withdrawing group COOH on the
acceptor PAH. The MESP features, frontier molecular orbital
(FMO) distribution, and absorption spectral features supported
the strong D-m-A character of functionalized PAH-m-PAH.
Among the different shapes studied, the rectangular PAH
moiety showed the most efficient tuning of HOMO-LUMO gap.
The optical and electronic properties of PAH, PAH-m-PAH and
functionalized PAH-m-PAH systems suggest the high tunable
character of these properties with respect to the size and shape
of the PAH.

of the PAH increases, the number of isomers possible also
increases.” Graphene nanoflakes are stable than carbon nano-
tubes of similar size, but less stable than the corresponding
fullerenes. In addition, large flakes have almost zero bandgap
whereas small ones are semiconductors or insulators. Graphene
nanoflakes tend to show new and unexpected electronic,
optical, vibrational and magnetic properties based on the size
and geometry.***3% %! For example, triphenylene has an
absorption maximum 265 nm while its isomer tetracene shows
a much higher absorption maximum, 471 nm. In addition,
triphenylene is quite stable against oxidation whereas tetra-
cene is easily oxidized. On the basis of resonance structures of
PAH, Clar proposed the sextet rule which predicts the largest
number of disjoint benzene-like m-conjugated moieties one
can draw for a PAH. According to Clar's rule, triphenylene
having three sextet rings is more aromatic and more stable
than the isomer tetracene having only one sextet.**=?

Two types of periphery (zigzag and armchair) and three
types of edges (the bay, the cove and the fjord) are observed
for PAHs, (Figure 1).24 PAHs with armchair periphery are more
resonance stabilized compared to those with a zigzag periph-
ery, making zigzag ones more reactive. In fact, larger PAHs with
zigzag periphery is instantaneously converted to quinine in the
air.?**" It is already proven that the HOMO-LUMO band gap
engineering can be done by changing the size and shape of
graphene nanoflakes.”®*" Large PAHs are present naturally, but
graphene nanoflakes are very difficult to synthesize and are not
found naturally.*® Both top-down™*"' and bottom-up®*?

© 2021 Wiley-VCH GmbH
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ABSTRACT

Salinity has a stronger individual effect on organismal performance traits than other stressors, hence it is
considered as a potent environmental stressor. Salinity acclimation process forces fish to undergo
endocrinological, morphological and biochemical changes This paper would serve to provide a better
understanding about the role of salinity in regulating the survival, growth, development, fitness and well-being
of freshwater fish. Certain physiological mechanisms of salinity effects which are yet to be understood fully are
also mentioned in the paper. The paper reveals that the ‘salinity effect’ could not be subject to generalizations as
several factors like genetic make-up, species, strain, life history, nutritional status, size, acclimation time and
environmental factors affect the salinity tolerance of fish. The paper gives an insight into the research gaps in
the area.

Keywords: Factor; gill; growth; protein; salinity; salt; stress; survival.

1. INTRODUCTION

Stress is an inevitable part of life, adaptation to which
churns the clock of evolution; exposing greater
challenges on the survival and fitness of
poikilothermic organisms. In comparison with
terrestrial forms, fish face additional challenges from
diverse osmotic and ionic gradients and pH levels [1].

Several internal (nervous, endocrinological, neuro-
endocrinological) and external (ecological) factors
come into play in controlling or synchronizing many
activities and functions in fish. These could be
grouped into two, namely (1) determining factors
(temperature, salinity, photoperiod) which act directly
through receptors to increase or decrease growth; and
(2) limiting factors, which operate above (ammonia)
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ABSTRACT

Oreochromis niloticus (Nile tilapia) commonly found in the freshwater bodies of Kerala was used in this study
as the experimental fish so as to determine the effect of salinity on the respiration rate of the fish. The fishes
were exposed to different salinities (Sppt, 10ppt, 15ppt, 20ppt) for a period of one hour. The sample with Oppt
salinity was taken as the control. Using Winkler’s method, the dissolved oxygen level in the water taken at
different intervals (5" minutes, 15™ minutes, 30" minutes and 1 hour) from the sample solutions were estimated.
In control (Oppt) average oxygen consumption during different time interval was found to be stable at 0.12
mg/ml/g body weight. The dissolved oxygen consumption by fish increased with increasing salinities from Oppt
to 10ppt, then decreased in 15ppt and 20ppt, besides this consumption of Oxygen decreased from 5™ minutes to
60" minutes of exposure. The opercular beats of the fish was noted and it was found that in the control (with 0
ppt salinity), the rate of opercular beats was quite steady without a huge rise or fall and the average value noted
was 122/minutes. In all other salinities (5, 10, 15 and 20 ppt), the opercular beats was decreased from 1% minute
to 60™ minute. The rate of opercular beats was lower in the control when compared with 5ppt, 10ppt, 15ppt and
20ppt.Even though Oreochromis niloticus (Nile tilapia) is very sturdy fish, and tides over stressful environment
conditions, salinity changes in this experimental setup caused changes in the respiration rate of the fish. So this
study discloses how other less sturdy aquatic fauna could easily succumb to salinity change in their
environment.
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Abstract Mosquito Control is important to the community because of the vector potential that exists from
mosquitoes in transmitting diseases and the annoyance factor in disrupting outdoor activities. The vector potential of
mosquitoes stems from the female's bloodsucking habits. Various mosquito species are capable of transmitting
malaria, dengue, yellow fever, filariasis, encephalitis, chikungunya, and Zika viruses and other diseases. Apart from
being a nuisance to the public by affecting labor efficiency, depreciation of real estate values, and interference with
outdoor activities, they also affect the health of livestock, pets, and wild animal population. Several techniques are
used for mosquito control like chemical control, biological control, source reduction, environmental control, genetic
control, traps and personal protection. Shampoos being regularly used, the effluent containing the same is being
discharged into the open environment. The present study attempts to investigate the larvicidal effects of different
shampoos (a means of chemical control) on mosquito larvae. Toxicity studies were carried out using the serial
dilution method and LCs, was estimated for each of the shampoo type (Superia, Clinic Plus, Dove, Sunsilk) at 24h
interval for five days. A comparison of the lethal effect of these shampoos at specific concentrations (0.1, 0.15, 0.2,
0.25, 0.3 and 0.4) was also done. The study reveals that Superia shampoo has the best larvicidal properties (0.1mIL")
compared to Dove (0.15ml L), Sunsilk (0.15ml L™) and Clinic Plus (0.2ml L™"). The low LCs, value for a particular
shampoo could be attributed to the special combination of ingredients used in its preparation which could be
employed for mosquito control. An extensively used cosmetic product could be turned into an effective vector
control product with further research in the area.

Keywords: mosquito, larvicidal effect, shampoo, toxicity, vector control
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1. Introduction

Mosquitoes constitute the most important single family
of insects from the standpoint of human health. Due to
their high potential to exploit even adverse environmental
conditions, mosquitoes can rapidly increase their population
[1]. Mosquitoes transmit more diseases than any other
group of arthropods and affect millions throughout the world.

Approximately, half of the world’s population is at risk
of mosquito-borne diseases, with the highest-burden for
socioeconomically disadvantaged populations. Urbanization,
globalization, climate change, and land-use shifts have
each contributed to the re-emergence and expansion of
mosquito-borne diseases [2,3].

Mosquito borne diseases are prevalent in more than 100
countries across the world, infecting over 700,000,000
people every year globally and 40,000,000 of the Indian
population. WHO has declared the mosquitoes as “public

enemy number one” [4] as they act as a vector for most of
the life-threatening diseases like malaria, yellow fever,
dengue fever, chikungunya fever, filariasis, encephalitis,
West Nile virus infection, Zika virus fever, etc., around
the globe [5,6,7,8]. They not only can carry diseases that
afflict humans, but also transmit several diseases and
parasites to birds, dogs, horses, etc. [9] and contribute
significantly to poverty and social debility in tropical
countries [10]. Therefore, the control of mosquitoes is an
important public health concern around the world.

To prevent proliferation of mosquito borne diseases and
to improve quality of environment and public health,
mosquito control is essential. Chemical, biological, physical,
organic and genetic control measures have been employed
to control the vector population [11]. Environmental
management (through reduction or removal of mosquito
breeding sites) is being used along with chemical or
microbiological ovicides, larvicides, and pupicides. But
these are only moderately effective, due to resistance
arising from physiological (e.g., insecticide resistance) [12]
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Electrode materials for supercapacitors have been one of the crucial factors for the successful design of a
renewable energy storage device. In this work, we present a bottom-up approach for the large-scale synthesis
of three ternary hybrid aerogel nanocomposites, namely CMGA-1, CMGA-2 and CMGA-3, via the facile self-
assembly of reduced graphene oxide (rGO), molybdenum disulfide (MoS,) and polymeric carbon nitride
nanosheets derived from urea (TE_UCN). The three composites differ from each other only in the content of
TE_UCN, with TE_UCN wt% of 33%, 60% and 71.4%, respectively, for CMGA-1, CMGA-2 and CMGA-3. All three
composites possess a large surface area with a hierarchical porous structure. The influence of the wt% of
TE_UCN in these composites on the electrochemical performance of the electrode was investigated using
charge—discharge curves. When used as the electrode for supercapacitors, the nanocomposites exhibit pseudo-

Received 16th June 2021, capacitive behavior in NaCl solution. Comparing the three nanocomposites investigated here, CMGA-3 showed

Accepted 10th October 2021 the best electrochemical performance, with a specific capacitance of 467 F gt and the ability to retain up to
DOI: 10.1039/d1nj02960f 80.4% of this capacitance even after 2000 cycles, demonstrating good stability and improved cyclic
performance. The excellent supercapacitance of CMGA-3 is due to its high surface area (Brunauer—Emmett—

rsc.li/njc Teller surface area = 432.3 m? g~ and low equivalent series resistance of 3.24 Q.

electrical gadgets, tools and products. These technological advance-
ments have been followed by an increase in energy demand. Thus,

Introduction

We are facing serious environmental challenges such as global
warming, climate change and air pollution due to the frenzied
usage of fossil fuels.' Moreover, fossil fuel is facing a crisis, as it
is non-renewable, and will be exhausted in due course. Thus,
we need to explore green and alternative energy sources for our
day-to-day life. Since energy storage plays such an important
role in renewable energy generation, the development of high-
performance energy storage devices is one of the top research
priorities of material scientists.>®> On the other hand, we are
witnessing unprecedented transformations in our lifestyle due
to the invention and evolution of various mechanical, electronic and
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in a nutshell, we need an alternative energy storage system that can
not only meet our energy demands but also address the environ-
mental challenges associated with non-renewable fossil fuels. In this
context, supercapacitors (SCs) are promising and fascinating elec-
trochemical energy storage devices owing to their high power
density, rapid charge/discharge time, long cycle life, and minimal
safety issues, accompanied by a simple configuration.*™" Low
energy density and poor cycling stability are the major roadblocks
to the implementation of SCs for practical applications. Among
the various nanomaterials, two-dimensional (2D) nanosheets such
as graphene,"”” reduced graphene oxide (rGO),"> polymeric
carbon nitride' and molybdenum disulphide (MoS,)'> have
attracted the attention of material science researchers due to their
high surface area, shortened ion transport and charge storage
capability. Due to their large surface area, which enables complete
access to surface active sites, high mechanical power, and
mobility in the atomic scale dimension, 2D layered materials have
recently become popular as electrodes for electrochemical
capacitors.'®

Graphene is an excellent 2D nanomaterial having unprece-
dented structural and functional features such as high surface

New J. Chem.
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Organic Compound with Potential for X-ray Imaging Applications
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ABSTRACT: A radiopaque compound, namely, 4,4-bis(4-hy- |
droxy-3,5-diiodophenyl)pentanoic acid, was synthesized by the Ho_[' O
electrophilic aromatic iodination of 4,4-bis(4-hydroxyphenyl)- H Nal , NaOH, Naocl[ ! CHy
H
HO

pentanoic acid using sodium iodide and sodium hypochlorite. MeOH, 05C | O —
The active iodines created by hypochlorite were selectively bound cooH

to the ortho positions of the diphenolic acid and obtained a
tetraiodo compound. Characterization of this iodinated compound
was accomplished by routine methods such as Fourier transform
infrared (FTIR) spectroscopy, 'H nuclear magnetic resonance
(NMR) spectroscopy, energy-dispersive X-ray spectroscopy, mass
spectroscopy, UV—Vis spectroscopy, and thermogravimetry. The
iodine content in the compound was as high as 64% by weight and therefore expected to possess substantial radiopacity. A 5%
solution of the compound in dimethyl sulfoxide exhibited radiopacity of 885 + 7 Hounsfield Units when tested with computed
tomography (CT) scanner. In vitro cytotoxicity test performed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay demonstrated that the compound was noncytotoxic to L929 fibroblast cells up to the level of 0.8 mg/mL
concentration. Overall results indicate that this highly radiopaque compound has the potential to be used for X-ray imaging in the
clinical scenario.

4 4-bis(d-hydroxyphenyl)pentanoic acid 4 A-bis(4-hydroxy-3,5-diiodoph enyl)pentanoic acid

1. INTRODUCTION of iodinated contrast is 25—30 (HU) per milligram of iodine
per milliliter at a tube voltage of 100—200 kVp. This
substituent is pharmacologically acceptable, which enables
the compound to be administered to man or animal. These
compounds were found to have sufficient tolerance to the
human organ system also. For this purpose, nonionic structures

Medical imaging plays a crucial role in the diagnosis and
treatment of diseases. A myriad of reports in the literature
indicates the importance of developing radiopaque compounds
for imaging applications.'~'” Radiopaque compounds along

with some polymers find applications in imaging bod
s P . apprca maging 7 have been suggested, i.e., iodobenzene derivatives possessing
organs, detection or diagnosis of various diseases,

. .. 1,10,11 . nonionic substituent. Iodination involves an electrophilic
monitoring embolization processes, construction of . o . . )
. . 1,12,13 .\ 1,14 aromatic substitution in which aromatic constituents that
implants used in surgery, and dental compositions. . . .
p . have an electron-donating group can sufficiently activate the
Lei et al. reported the development of a radiopaque ] - T
carbons on the ring. Therefore phenols, aniline derivatives, or

thermoreversible hydrogel for preventing postoperative o - .
adhesions.’ Recently, Wu et al. designed a macromolecular allyl aniline that contain OH, NH,, or NHR constituents
’ easily undergo iodination. There are different reported

contrast agent with “ultrahigh radiopacity” through the . o .
.2 o - techniques for iodination. Edgar and Steinmetz reported an
polymerization of iodinated trimethylene carbonate monomer St . ; .
3 .o . iodination technique for hydroxyl aromatic and amino
and poly(ethylene glycol).” Contrast agents used in diagnosis . . A
aromatic compounds using metal iodide and metal hypochlor-

are radiopaque compounds, and they generally fall into two . . T !
Jopaque pounds, ang 1hey generally ite.”* Another technique using iodine monochloride was
categories: ionic and nonionic.””® The ionic compounds used . 25
reported by Filimonov et al.

for int 1 h high larity."® This i , . . .
or Intravascular use have a high osmolarity 1S 18 Reporting new nontoxic compounds with a high level of

responsible for several adverse effects such as pain, endothelial ) . .1
. o radiopacity to the scientific literature would pave the way for
damage, thrombosis, etc. But nonionic compounds are less

hyperosmolar solutions. However, they are expensive and

exhibit a high rate of adverse events. Received:  July 12, 2021
Compounds containing multiple iodine atoms, usually three Published: September 16, 2021

. 20-22

per compound, have been used as radiopaque agents. A

high iodine concentration is used to achieve opacification

around 250—300 Hounsfield units (HU) in the thoracic aorta

and 300—350 HU in the coronary arteries.”> The radiodensity

© 2021 The Authors. Published b
American Chemical Societ; https://doi.org/10.1021/acsomega.1c03671
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Summary :

The tea History is one of the most
memorable in the history of the world. The
production and marketing of tea led to the
imperialism. Many regions in Asia and Africa
were colonized after the tea trade. Here is a
look at the history of how tea was traded,
marketed and how the plant tea became a tool
of the empire around the world is inquired by
the article.

Keywords : Tea, Medicine, Beverage, Tea
culture, Tea Imperialism, Empire, Great Britain
Introduction :

Tea as everyone knows is a global beverage
now. Tea has got a unique history which has
causated deep historical changes all around the
world. There is no other drink that has changed
the history ofthe world. The origin ofthe plant
Tea is in China and the Chinese were the first
to show the world the use of'the tea. Thus the
drink called tea came before the world and it
was used as a medicine. But the tea trade was
not first started by the Chinese but by the
Portuguese. The tea business was then run by
the East India Company. The drink quickly
became popular throughout Europe as tea
became popular. Tea shops have sprung up all
over the Europe and tea has become part ofa
culture. As the famous Post Modern historian
Habermas said, tea culture and the tea shops
become a public space in Europe. The educated
middleclass of Europe used to come to the tea

(erosdmsrsoes |

shops and discussed and decided on things in
general and political matters so that the tea
shops in Europe as a public space.

But the turning point in history with regard
to tea came with the passing ofthe Charter Act
of 1833. With the Charter Act China stopped
the monopoly trade with East India Company.
This later became a milestone in the history of
the world. The tea plant became a cause for
imperialistic trade. After the industrial revolution
there were many wealthy families in Europe. It
was an opportunity for them to invest in many
colonies and make profit. The charter Act gave
every citizen the right to invest in any British
colony. In this way tea production began around
the world and thus colonized the world. This
imperialism spread in India as well as in other
parts of the world. Alfred Crosby calls this
imperialization through a plant as ‘plant
imperialism’.

Origin of Tea - The History :

The tea, camellia has been known to man
for a long time. It has been cultivated by the
Chinese people for more than two thousand
years. It has been cultivated by the Chinese
people not on large plantations, but in thousands
of small plots. Thus the Chinese were well
familiar with the tea plant and its value. The
origin of the word ‘tea’ goes to China. The
Chinese call it as ‘kia’. As far as it is known, it
was during the course ofthe 6™ Century AD
that the name evolved to ‘cha’. When it arrived
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ABSTRACT ]

The archival records on the high ranges of Munnar give not only the history of that region but also the nature and

[ Dr. Sebastian Joseph*

intend of the colonizer. The plantation industry became a land mark in the history of this remote region of the then
princely state called Travancore. The region got transformed with the coming of the planters from Europe. It was
through this process that a new record making and history making started in the area. The plantation records created by
the plantation company and the British government reveals how they seen the landscape and natural resources of the
region. Thus we can see that the records speak not only the government rationality but also points to a hidden meaning
ofimperializing aregion for the sake of the European capitalists. The expectations of the European market was fulfilled
by the returns from this tiny area. Department reports especially of the revenue and forest departments that figuratively
project the exact utility of the land, the forested lands on the native hills. Thus the records itself become the
manifestations of imperialism.

Keywords : Munnar, Plantation, Hill station, High ranges, Sources, Records, Archives, Colony, Concession, Resource,

Tea, Crop

Introduction

Reconfiguration and conversion of lands under the
control of the native government was an important
priority of the British for making profit through the
expansion of plantation system. Imperative was the
demands of the colonial government and industrial
capitalists, that led to the creation of a welter of records
that attest the will of the Empire. A variety of documents
like land surveys, travel accounts, departmental files
especially revenue and forest, plantation files and files on
infrastructural developments collectively implicate the
urges of an industrially developed country on the native
landscape. Tea, Cinchona and Coffee plantations opened
and managed by the European planters produced records
that on a parallel plane expose the exploitative nature of
the colonial government and their hunger for land
resources and its control.
Documents on the Forest Department and its

Working

Right from the times of the creation of the
Travancore Forest Department in 1860 a new genre of
records were in the making that points to the control of the
native state over its forest resources and the concomitant
control exercised by the reformer regime under the
Colonial tutelage. Following the creation of the
department a series of forest regulations were enacted for
regulating the use of the pasturage and the natural
resources within the reserved forest. There is a plethora of
records coming under this rubric of Regulations and
Forest Rules. According to one such forest rules “the
lands at the disposal of the Government may for the
purpose of these rules be classed as follows; (a). lands of
which the government has acquired the ownership or
possession by purchase, lease or otherwise., (b). asessed
unoccupied lands, unoccupied and un assessed lands, that
is waste lands which are un assessed and un surveyed for

* Assistant Professor and Research Guide in History, P. G Department and Research Centre in History, UC College, Aluva, Eranakulam, Kerala, 683102
**PhD Scholar - P. G Department and Research Centre in History, UC College, Aluva, Eranakulam, Kerala, 683102
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purpose of revenue, d. occupied but un asessed lands.”
Topographical Survey of Travancore

Travels and explorations in colonial India
conducted by the botanists and the forest officials during
the early periods of the company rule and colonial
governance found its expression in Travancore also. The
colonial gaze through the surveys and reports later
reflected in the control and utilization of the forest
resources of the region. It was through these processes
that the colonial government brought forest management
plans and later reservation acts and curtailed the rights of
the local population especially ofthe adivasis living in the
forest areas. This urge was reflected in letters of
correspondence and in one instance it was advocated by a
government revenue official in these words, “in order to
prepare a proper record of the settlement arrived at, it will
be necessary to carry out a topographical survey of the
country on either side of the line and prepare proper maps
showing the distinctive features in the neighbourhood. In
accordance with the general orders under which this
department is working, the opportunity will be taken of
extending the topographical survey on the British side to
Madurai, Coimbatore and Tinnevely, thus including a
large extent of zamindars and forest tracts and completing
the data for the preparation of maps of the whole of the
British territory in that part of the Indian peninsula.”
Records on the Colonial Hunt

The planters who came to the hill ranges suffered
from loneliness as they were living in miles away and
aloof from their family and friends in an unknown remote
corner of a jungle. Hunting was regarded as an activity in
taming the hostile wild and showing the valour of the
European planter/hunter. The politics behind this sport
was assertion of superiority of the White hunter before
the native and thereby establishing a hegemonic clout.
The records including the shooting permit, game laws,
auction sale of the skins, horns of the animals, elephant
tusk kudivila etc., are available. The game laws have been
amended and shooting permits were issued infavour of
the planters. For instance there was a request from HD
Deane seeking permission to shoot in the Periyar valley,
“in an extract of Mr. Dean's letter received from the S. R
section, he seeks permission to shoot an elephant with his

son John Drummond Deane in February and March next
in the reserve round the Periyar dam.”Rights were given
to the foreign to import fire arms to resist the attack of the
wild animals. Especially there was a large scale attack
from the wild dogs and the government issued orders to
resist the attack by announcing reward for the killing of
the wild dogs. “I beg to inform you that His Highness the
Maharajah is pleased to sanction the reward for the wild
dogs killed in the high range and the reward for the wild
dog skin of which is produced before the Tahsildar being
increased from Rs. Five to Rs. Seven per head.”
Colonial Forest Reports as Seeds of Environmental
Governance

The High Ranges of Travancore written by J. D
Munro one of the earliest European planters makes it
explicit the industrial urge of the colonizer. This report
opens the official vista of the imperial planter world and
considered as the Bible of the White planters. This is an
official report submitted to the Travancore state on 8"
March 1877 after detailed survey undertaken by Munro
in the hills for demarcating the boundary dispute between
the Travancore state and the Madras Presidency.. It
discusses geographical features to anthropological and
biological features of the hills. It was J. D Munro one
among the few British officials who foregone the
commercial viabilities of the hills. In the beginning of the
report itself he argues that, “there is a great deal of swamp
land in this valley which might be brought in to
cultivation”. Munro in his report describes the peaks, its
features and height. He finds the view of Anaimudi and
Currincolam as grand. Though small in size, the report is
a crucial reference point for understanding land
reconfiguration in Travancore.
Files on Application for the Acquisition of Land by the
Foreigners

Plenty of records are available on the acquisition of
land in the Kannan Devan Hills by the Europeans for the
plantations. After Kannan Devan Concession of 1877 and
1879 there was tremendous increase in the extent of
plantations. The demand for the land further increased
during the 1890s to 1920s and plenty of land suitable for
agriculture had been leased out to the European planters.
Planters hunger for land was visible in their applications
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HIGHLIGHTS

o This is the first report seen in literature on AgInGaO,.
e Band gap and electrical conductivity tuning by compositional variations.

o Three orders magnitude increase in electrical conductivity by quaternary formation.

ARTICLE INFO ABSTRACT

Keywords:

Transparent conducting oxides
Optical properties

Electrical properties
Amorphous films

Crystalline films

We report tuning of electrical conductivity in a wide range from 1072 to 10" S/m in p-type transparent con-
ducting thin films of silver gallium oxide and in the quaternary films of silver indium gallium oxide. The con-
ductivity tailoring is correlated with changes in carrier concentration and mobility induced by compositional
variations and indium incorporation. The achievement of crystallization of the films at a temperature ~623 + 5
K, the lowest temperature of crystallization for AGO so far reported, enhances the technological importance of

the study. Tuning of optical band gap from 3.62 eV to 3.77 €V for AIGO and 3.98 eV-4.01 eV for AGO is realized

by adjusting the composition.

1. Introduction

Transparent conducting oxides (TCOs) have broad applications in
transparent electronic devices such as light emitting diodes, liquid
crystals, touch screen displays, solar cells, glass window coatings etc
[1-3]. Till 1997, only n-type TCOs were known and scientists have been
in search of a p-type transparent conducting material for transparent
electronic applications. The delafossite CuAlO; is the first p-type TCO
that has been prepared and ever since, research on delafossites have
been intensified [4]. Delafossites are a group of I-III-VI TCOs having
ABO; structure that have been attracting wide research interest in the
recent years because of their exceptional properties of good optical
transmittance, tunable electrical conductivity and bipolarity. The
bipolarity is due to their particular layered structure which offers two
different conduction paths for electrons and holes. O-A-O dumbbell
layer is considered as an easy path for holes and the edge sharing
octahedral BOg layer for electrons [5-9]. Various Ag based delafossites
reported in literature are AgInO,, AgGaOy AgScO, AgFeO; AgCrOo,

* Corresponding author.
E-mail address: reenatara@gmail.com (R.R. Philip).

https://doi.org/10.1016/j.matchemphys.2019.122506

AgAlO, and AgYO5 [10-12]. Of these, AgGaO, exhibit properties like
visible light transparency, moderate conductivity, wide optical band gap
and photocatalytic activity that could find applications in Transparent
Electronics, Gas sensing, Photocatalysis, DSSCs etc [5,12]. However
some major drawbacks that have been limiting its applications are the
poor electrical conductivity and the high energy budget due to
requirement of substrate temperatures above 773 K for their preparation
[13].

Here, we report preparation of thin films of amorphous and dela-
fossite crystalline AgGaO, and AgInGaO, of p-type polarity by two
different methods: plasma assisted reactive evaporation and vacuum
evaporation followed by post air annealing. Apart from the fact that this
is the first report on p-type amorphous AgGaO as well as on amorphous
and crystalline AgInGaO,, one interesting observation is that here
crystalline delafossite formation is achieved at a temperature ~623 + 5
K which is much lower than so far reported by other authors. The latter
offers the possibility of avoiding expensive substrates like quartz for the
film deposition and hence makes the method more cost effective.

Received 30 November 2018; Received in revised form 29 July 2019; Accepted 29 November 2019

Available online 29 November 2019
0254-0584/© 2019 Elsevier B.V. All rights reserved.
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Abstract. We propose a new broad class of multi-field non-canonical inflationary models
as an extension of multi-field conformal cosmological attractors. This also generalizes the
recently discovered class of non-canonical conformal attractors for single field inflation. Ki-
netic terms of this class of models are phenomenologically arising from N = 1 supergravity
and from N = 1 superconformal theory, with two conformal scalar compensator fields in
the latter. We show that the inflationary dynamics and predictions of this class of models
are stable with respect to the significant modification of both radial and angular part of the
potential, but it is very sensitive to its minuscule modification in the geometry of the field
space metric. We also show that our framework can pass the latest observational constraints
set by Planck 2018.

Keywords: inflation, cosmology of theories beyond the SM, physics of the early universe,
supersymmetry and cosmology
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Spatial Distribution and Contamination Assessment of Trace
Metals in the Coral Reef Sediments of Kavaratti Island in
Lakshadweep Archipelago, Indian Ocean
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ABSTRACT KEYWORDS

Surficial coral reef sediments collected from 17 sampling stations Coral reef sediments; spatial
(shore, lagoons, and outer lagoons) of Kavaratti, Island belonging to analysis; trace metal;
Lakshadweep Archipelago were analyzed for trace metal concentra- contamination assessment;
tion, total organic carbon and sediment grain size composition. The ~ anthropogenic sources
predominant grain size constituent of sediments from the sampling

stations was medium sand with low organic carbon content. Except

Cd and Pb, all the other trace metals selected for the study were

below their global average shale concentration. The sediment con-

tamination was assessed on the basis of geochemical and ecological

risk indices. Considerable contamination and significantly high eco-

logical risk were reported from all stations and the serious threat was

from Cadmium. Diesel-based power generation, untreated sewage,

activities related to shipping, fishing, agriculture, and tourism are the

main anthropogenic sources contributing to trace metal pollution in

Kavaratti. Statistical analysis of the data also supported the anthro-

pogenic sources of origin of trace metals.

Introduction

Trace metals are one of the most abundant classes of contaminants generated and are
continuing to be introduced to the aquatic system, thereby create a real hazardous
situation for marine ecosystems and organisms health. These are deemed serious pollu-
tants because of toxicity, persistence, and non-biodegradability in the environment (Pekey
2006). Although metals are natural constituents of the earth’s crust and are present in all
ecosystems, their concentrations have been dramatically increased by human activities
(Alkan et al. 2015). The main sources of trace elements are natural activities such as
volcanic eruptions and soil erosion, and human activities such as industrial production,
waste disposal, the discharge of contaminated wastewater, the inappropriate management
of electronic waste (e-waste), and the application of fertilizers in agriculture (Joy et al.
2019a; Sardar et al. 2013; Wang and Bjorn 2014; Worakhunpiset 2018).

Marine sediments can act as potential sinks and provenance of pollutants and con-
taminants in the aquatic environment because of their set up of variable lithogenic,
mineralogical and chemical properties. In aquatic environments, many metals are

CONTACT Anu Gopinath @ dranugopinath@gmail.com @ Department of Aquatic Environment Management, Kerala
University of Fisheries and Ocean Studies, Kochi, India

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/bssc.
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ARTICLE INFO ABSTRACT

Keywords:

Coral reef sediments
Fractionation

Trace elements

Risk assessment code
Contamination factor

Geochemical fractionation of seven trace elements (Cr, Mn, Fe, Cu, Zn, Cd, and Pb) was investigated in the
surficial coral reef sediments of three inhabited islands (Kavaratti, Kadmat, and Agatti) belonging to the
Lakshadweep Archipelago. The observations indicated that the metals showed their highest contents in the
residual fraction of geological origin. The extent of risk, bioavailability, and contamination of trace elements was
assessed by risk assessment codes and contamination factors. Based on the results, medium potential adverse

effects were observed in the sediments of Kavaratti and Agatti. The concentration of Cd in the exchangeable and
carbonate-bound fractions was above its global average shale value in the sediments of Kavaratti and Agatti,
suggesting its high mobility and bioavailability and thus an environmental threat to the coral reef ecosystem.

Sediments constitute reservoirs of bioavailable trace elements which
act as micronutrients but can also have toxic effects and cause pertur-
bations to the ecosystem (Gleyzes et al., 2002). In sediments, metals can
be present in various chemical forms and generally exhibit different
physical and chemical behaviours such as migration behaviour, che-
mical interactions, biological availability, and potential toxicity (Youcef
et al., 2004). All the species of a particular metal do not have the same
impacts on the ecosystem (Tessier et al., 1979). The potential toxicity of
trace metals in sediment is a function of their mobility and bioavail-
ability, which depends on the phase of the metals and the chemical and
physical processes that govern transformations between phases (Wali
et al., 2014). However, the sole criterion of total metal concentration
does not provide enough information to understand their various forms,
mobility, bioavailability, or potential risks to the environment
(Davutluoglu et al., 2011; Nemati et al., 2011) and may not be able to
reflect the physical and chemical behaviours of metals in the environ-
ment (Equeenuddin and Pattnaik, 2017; Jafarabadi et al., 2018). The
sequential extraction procedure allowed the determination of the dis-
tribution of trace elements between the different geochemical fractions,
reflecting the relative proportions of each metal transported by dif-
ferent chemical mechanisms (Passos et al., 2011; Sundaray et al., 2011)
and assessing how intensely these elements are bound to the sediment
(Lee et al., 2017). Hence, this is a valuable tool for assessing the long-
term negative impacts of metals from sediment (Lee et al., 2017; Zhang
et al., 2017; Jafarabadi et al., 2018).

* Corresponding author.
E-mail address: dranugopinath@gmail.com (A. Gopinath).

https://doi.org/10.1016/j.marpolbul.2020.111409

Lakshadweep is a tropical archipelago of coral islands, scattered in
the Arabian Sea (8°-12°N latitude and 71°-74°E longitude) off the
south-western coast of India. It consists of 36 tiny coral islands with a
total surface area of 32 km?. It has a lagoon area of 4200 km?, with
20,000 km? territorial water and 4,00,000 km? of Exclusive Economic
Zone. According to a 2011 census, Lakshadweep has a total population
of 64,429 in ten inhabited islands with a population density of 2013
persons per km?, being one of the highest in India (LAPCC, 2012). The
coral reefs enclose the islands in extensive lagoons and protect them
from storm damage and other ravages of the sea (Joy et al., 2019).
Because coral reefs provide food, income, employment, shelter, and
protection, the livelihood of the islanders of the Lakshadweep Archi-
pelago is greatly dependent on them. Human developmental activities
have increased in Lakshadweep in recent decades due to an increase in
living standards and technology. The present study focuses on the dif-
ferent chemical fractions of seven trace elements (Cr, Mn, Fe, Cu, Zn,
Cd, and Pb) in the surficial coral reef sediments of three inhabited is-
lands — Kavaratti, Kadmat, and Agatti belonging to the Lakshadweep
Archipelago. The study also assesses the mobility of the metals in order
to identify the extent of risk and contamination level of the sediment
and to delineate the contributing sources of the trace elements in reef
sediments. Because metal fractionation studies in Lakshadweep are
limited, the present study will differentiate between the residual metals
(natural background) and non-residual ones (man-made sources of
pollution).

Received 9 January 2020; Received in revised form 16 June 2020; Accepted 24 June 2020
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Colonial Making of Munnar: Local History

Jijo Jayaraj
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Aluva, Eranakulam, Kerala - 683102

INTRODUCTION

Munnar the confluence of three rivers, Kannimala, Kundale and Nallathanni was once
the abode of rogue wild animals. These hills earlier known as Kannan Devan Hills had a
different story to reveal. These wild spaces with its variety of flora, fauna, and all above the
primitive men ‘Muduvars’ and their unique customs remained undisturbed and un destroyed
for many centuries.Munnar is located at the north-eastern side of Idukki District of Kerala
bordering Tamil Nadu. These high ranges are situated on the southem slopes of the Western
ghats. The area under study ‘Munnar’ derived its name as it is situated at a place where the
three rivers Nallathanni, Kannimalai, and Kundala join as a confluence. The Nallathanniriver
begins from Nallathanni and flows towards north-east direction and joins Muthirapuzha river
at Munnar and flows down to join periyar river at Panamkutty. The second river
Kannimalariver originates from Aneimudi reserve forest and flows eastward to join
Muthirapuzha at Munnar. The third river Kundala originates from the Top Station and flows
westward to Kundala dam reservoir and finally to Munnar and join with Nallathanni and
Kannimala. Thus the three rivers Kannimala, Nallathanni and Kundalariver originates in the
Kannan Devan Hills have their confluence at Munnar town and flow down towards Periyar as
Muthirapuzha river. The course of the river is westward.

Floristic and Faunistic Features of Munnar

Munnar is unique for the ecological and biological features and diversities. The high
elevation helped the area to receive heavy rain from south-west and north-east monsoons.
The estates in the high ranges are clustered around the town of Munnar. It is situated between
76° 52°30°” and 77° 15 east longitude and between 9° 52” and 10° 10’ latitude. The whole
area is hilly in character. The hill slopes from north-east to south-west direction. There are
numerous ridges in various directions. These ridges with an extensive high elevation up to the
Palani hills or the Kodaikanal hills.Aneimudi (Elephants fore head) (2695 M) in Munnar is
the highest peak in South India, which is located in the boundary between Eravikulam
National Park and Munnar division. The second highest peak in the hill is the
‘Meesapulimala’ with an altitude of 2637 M.

Geologically the area is part of the archane system. The rocks represented by
charnockite, granite, silimanite and magnalities. There are four types of soil in this tract; it
includes laterite soil, with yellowish brown colour. The soil is rich in hydroxides or iron and
aluminium. But the soil has low fertility and contains fair amount of organic matter. Only a
few species live in this kind of soil. The alluvial soil is the other type found on the banks of
the rivers and streams. It is rich and is supplemented with organic matters including deposits
of aluminium. This fertile soil on the river and stream banks supports a good tree growth.

Floristically it was one of the richest areas in the country. There is not less than three
thousand and five hundred species of trees with different age and girths are seen. These
forests were once dense and evergreen. The evergreen species diversity was the peculiarity of
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Abstract

This paper tries to locate the role of the Tamil labour in the plantation history of a region
called Munnar Hills in the erstwhile Travancore State in Kerala. The labour migration has
been a common aspect since the establishment of the plantation industry in the colonial times
and the case of Munnar is no exception to this phenomenon. The coffee, tea plantations began
in the early half of the 19" century required large number of labour force to work in the
estates as coolies. After heavy clearing happened in the area it became imperative for the
empire builder to make positive investment of labour and capital. As they faced acute
shortage of labourers the planters searched for the availability of labour supply from the low
country villages of Madras Presidency who were willing to work in the plantations. The
planters relied upon the Kangani system by appointing the labour contractors, who later
became gang bosses, to regulate the migrant labour recruitment. An advance system was also
successfully employed in which the peasants of the villages under the Presidency who were in
hard plight under their Zamindars found extremely helpful for running their life through
shifting to the estates of the European planter. Layams, the cottages in line, for the laborers
depicted the architecture of power of the colonizer planter which was a disciplining and
surveillance mechanism enforced in typical conditions. It is argued in the paper that since the
opening of plantations in the native state a new set of people emerged as plantation workers
who were effectively utilized by the capitalist planter for the cause of industrial production of
a new beverage, tea and the story of the tragedies of the labourers destined to work under

contractual obligations for a living.

Keywords: Capital, Labour, Plantation, Industry, Labour Contractor (Kangani)
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Abstract

Photocatalytic colour enhancement of Methylene Blue (MB) and Rhodamine B (RhB) dye is achieved by dual
band gap Titania Tenorite (TiO,/Cu0) nanocomposite system prepared by a cost effective co-precipitation
method. The UV-Visible and XPS analyses reveal that the existence of dual band gap is due to the coupling
of the constituent metal oxides in the nanocomposite. The band gap of TiO, in the nanocomposite is tuned
to the visible region, by changing the CuO content. Owing to the band gap tuning capability, the
nanocomposite can be used from the UV to Visible region for the colour enhancement. The crystalline
structure, morphology, molecular structure and chemical bonding of the samples are analyzed by XRD, FTIR
and TEM. The PL spectrum shows a reduction in intensity with increase in CuO content. Methylene Blue and
Rhodamine B dyes used to check the photocatalytic activity of TiO,/CuO nanocomposite reveals that the
dye-metal oxide nanocomposite forms an amazing combination providing a colour enhancement of dye in
the presence of light due to the conversion of the dye from its colourless Leuco form to MB or RhB. The
mechanism of colour enhancement is well justified by UV-Vis absorption spectra.

Graphical abstract
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Introduction

Nanotechnology plays a vital role in scientific research and it makes influence to almost all sectors of life.
This emerging science leads to the development of the society by improving the living standard. A
nanocomposite is a multiphase solid material where one of the phases has one, two or three dimensions of
less than 100 nanometres (nm). It can also be structures having nano-scale repeat distances between the
different phases that make up the material [1]. The combination of two materials in a nanocomposite helps
to rectify the shortcomings of the individual materials. As a result, the comprehensive properties of the
nanocomposite differ markedly from that of the component material.

These special features of nanocomposites make them useful in photocatalytic applications which include
the degradation studies of dyes, antibiotics etc. [[2], [3], [4], [5]]-

Titanium Dioxide (Titania-TiO,) is an eco-friendly material which has many applications ranging from
photocatalysis to cosmetics. The three highly crystalline forms anatase, rutile and brookite-TiO, are widely
used among the different polymorphic forms of TiO; [6]. But its main drawback is that it responds to light in
the UV region. Ultraviolet radiation is only 5% of the solar spectrum at ground level [7]. So it will be of great
importance if we could tune the response of TiO, to the visible region which occupies 44% of the solar
spectrum by making use of other environment friendly metal oxides. This can be achieved by coupling TiO,
with other metal oxides like oxides of Zinc, Copper, Iron, Tungsten etc [[8], [9], [10], [11]].

Earlier, TiO, has been coupled with Cupric Oxide (CuO-Tenorite) by different methods such as hydrothermal
method, electro spinning etc. to produce film, powder and fibre. Zhang and Tang reported the synthesis of
graded band gap films by varying the composition of CuO/TiO, [9]. Manjunath et al. synthesized
heterojunction CuO-TiO, nanocomposite by hydrothermal method for photocatalytic hydrogen generation
[12]. ].Chen et al. prepared CuO/TiO hierarchical nanostructure for glucose detection [13]. Li et al. varied
CuO concentration and produced CuO/TiO, hybrid nanofibres [14]. The synthesis of the nanocomposites in
powder form by simple cost effective co-precipitation method is rarely reported. Lee and co-authors used
co-precipitation method to synthesize TiO,/CuO by varying CuO loadings for the photocatalytic removal of
dichlorophenoxyacetic acid herbicide. But they reported that the low loading amount causes no change in
the structure and optical property of TiO; [15].

TiO, and its composites have been used for the photocatalytic degradation of many textile dyes. Dyes used
in textile industries are the major cause of water pollution as the dye wastes from the industries dissolve in
water. Photocatalytic degradation results in the degradation of toxic dyes into non-toxic compounds thereby
reducing water pollution. Houas et al. reported photocatalytic degradation pathway of Methylene Blue (MB)
in water [16]. Sandoval and co-workers used Titanate nanotubes for removal of MB [17]. Ajmal et al. has
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done the Photocatalytic degradation of textile dyes on Cu;0-CuO/TiO, anatase powders [18]. Synthesis of
Zn0/Cu0 and TiO,/Cu0 nanocomposites for the degradation of textile dyes was studied by Muzakki et al.
[19]. In addition to the photocatalytic degradation, TiO, was also used for photocatalytic colour switching.
Wang et al. reports the photocatalytic reversible colour switching of MB and RhB using TiO, nanocrystals
[20]. Photocatalytic colour switching of redox dyes with TiO has been achieved by Wang and his co-
workers [21].

Although the photocatalytic degradation and colour switching of dyes using TiO, have been reported earlier,
there are no reports on the photocatalytic colour enhancement of dyes. This work presents the
photocatalytic colour enhancement of MB and RhB by TiO,/CuO nanocomposites. Here, using a simple cost
effective co-precipitation method anatase TiO, is coupled with Cupric Oxide (Tenorite-CuO). TiO,/CuO
nanocomposites are synthesized by varying the concentration of Copper nitrate solution. The combination
of wide band gap TiO, and narrow band gap CuO has resulted in tuneable dual band gaps with significantly
improved optical properties. The photocatalytic colour enhancement of MB and RhB by the TiO,/CuO
nanocomposites makes them suitable as a colour additive with these dyes.

Section snippets

Synthesis and characterization of TiO/CuO nanocomposites

Titanium (IV) oxide and Copper (II) nitrate tri-hydrate purchased from Sigma Aldrich, Sodium hydroxide
pellets (Merck India Ltd) and double distilled water are used as the starting materials for the synthesis of
TiO,/CuO nanocomposites. Methylene Blue and Rhodamine B dyes purchased from Merck India Ltd. is used
for the photocatalytic enhancement study. All reagents are of AR grade. TiO,/CuO nanocomposites are
prepared by a slightly modified co-precipitation method reported by T.H. Nguyen et al. ...

Structural analysis: X-Ray Diffraction analysis

Fig. 1 shows the X-ray Diffraction pattern of the prepared TiO,/CuO nanocomposites. The peaks
corresponding to both TiO, and CuO are present in the spectra which is an obvious indication of the
formation of nanocomposites. In Fig. 1 the planes oriented at (101),(103),(004),(200),(105),(211),
(204),(116),(220),(215)and (2 2 4) are found to be matching with JCPDS card #841286 for TiO,
anatase tetragonal structure with lattice constants a=3.782 and b=9.502 which is ...

Conclusion

The Titania Tenorite (TiO,/CuO) nanocomposites have been successfully synthesized through cost effective
co-precipitation method. The formation of the nanocomposite is confirmed by XRD, FTIR and TEM analyses.
The shift in binding energy obtained from the XPS analysis manifests the formation of Ti—O—Cu bond in
the nanocomposite due to the coupling of TiO; and CuO. The nanocomposites exhibit dual band gap which
correspond to CuO and TiO, respectively. The band gap energy of TiO, is tuned from the...
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Abstract

Finmncisl imclusion is & nznusir!f bath in the urbsn =nd rural sress of 2 couniry. Urban finarcial Emciusion becomes
impartent beczuse of the bulging urbanizstion of the economy. This paper i @ study on the concept of urban
firsnoad irclusion

Eey words: Urban Finanoal incusion

Firmncial incusion refers to the rendesing of finsncil sendces o thoze who do nok form part of the formal financial
sector mainky the dsadvaniaged and low noome prowps. The key plagers in fmancsl mclusion sre Sanks, NBFCS,
Insursnce companies, Merket piayers, Fension funds and postal systems. OF these banks have & primsry and major
role ko play on acoount of iks neguestory system =nd the mukiple and west servioes they render. The regulstors in the
process sre the Reserse Bank of indiadRal], Insumpie Remdstory and Dewslopment Authorty{IRDA], Telscom
Reguistary Authority of india{TRAI] ard the Secunties Excharge Bosrd of indiaSESI)insttutions snd think tanks and

certainfy the Government.

Economic and indusive growth is the most efecive way 10 reduce poverty. HOwEvEr ECOROMEC gTowth
£an still lzave mary peaple i persistent powerty i they do not hawve the capecity to participete in and benefit from
the growth process, Financal inclusion offers incrementsl snd complementany solutions ko tacke poverty to
promote nciusive prowih and to address the Miflenium Deweiopment Soals{2000) Access to financisl inclasion
mllaws Ehie Door to SEve money ouksice the house safely. This branss prosperity ower 8 period of time.

Dpjective of Financial indusion

Thee objective of firandal inciesion|Fi) is to axtend financesl serdoes to the lamge snd anserved popuiation of
the country to unlock its growih potential. In addition i strives to achieve inclusive prowih oy makng finarce
mwailanie to the poor in particular. FI ansbies Banks 1o charnelize the savings of the wnsarved population of the
couniry and offers mew business avenues for lenging to this growp. Banks wers identifisd &5 the ey divers in
nrin-E'inE‘.hz eacluded s=ctions to the formal financial sector whether i be swinEs. oredit, insurance, pension, sodal

security schemes and remittance platform.

Beview of fitersiuns

Financial exclsion in generad
Lamimarmann, Stefanse] 2040] stressed on the rale of European Unson B teckling the Bsus of finsncial excusion: &

st of bassc financial services s consdered ssmential to :Ilf-‘."f'ﬂ": wiz. ® Dark account to receies incomie, @ francssciion
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Structural and optical properties of synthesized
poly(methyl methacrylate) (PMMA) and lanthanide B-diketonate
complexes incorporated electrospun PMMA nanofibres for optical

devices

1. Introduction
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Abstract. Fabrication of electrospun nanofibres is the glittering area of research because of their flexible characteristics
and numerous applications in almost all walks of life and technology. Poly(methyl methacrylate) (PMMA) is one of the
significant and interested synthetic polymers in the recent research because of their characteristic properties like higher
environmental stability, resistance to attack by moulds and enzymes, commercial availability, easiness to handle, etc. In
the present study, pristine PMMA nanofibres with diameters of 60-150 nm with 109 nm as the most distributed one
are prepared by an electrospinning method using a binary solvent mixture. An enhancement in the intensity of visible
photoluminescence emission is observed in PMMA nanofibres embedded with samarium and neodymium p-diketonate
complexes. The morphological incorporation of samarium and neodymium p-diketonate complexes in PMMA nanofibres and
material composition of the samples are examined by high resolution electron microscopy analyses. The amorphous nature
and molecular bonding of pure PMMA nanofibres and incorporated fibre complexes are elucidated through structural and
molecular analyses. The supreme optical absorptions and reemissions of samarium and neodymium fB-diketonate complexes
embedded in the pure PMMA fibre sample in the visible region indicate not only their application in lighting or display
devices, but also as active materials in organic light emitting diodes for new era curved/rolled display devices.

Keywords. Electrospinning; lanthanide -diketonate PMMA nanofibre complexes; photoluminescence; PMMA nanofibre.

be obtained by varying the spinning parameters and polymer

Today, nanomaterials form a major part of research and
analysis. Nanostructures like nanoparticles, nanowires, nan-
otubes, nanofibres, etc. are the topics of interest to the modern
researchers since their applications are numerous. Among the
various nanostructures, nanofibres have several characteristic
properties like high surface area to volume ratio, flexibility
in surface functionalities and superior mechanical properties
like stiffness and tensile strength compared to other forms of
the materials [1]. Polymer nanofibres act as good host matri-
ces for nanoparticles, drugs, metals, etc. They have a wide
variety of applications such as tissue engineering scaffolds,
filtration membranes, dressings for wound healings, etc. [2]
which enhanced the preparation of nanofibres through various
methods like drawing, template synthesis, phase separation,
self-assembly, electrospinning, etc. [1]. Among these meth-
ods, electrospinning is the most important and favourable
one. It is the technique capable of producing polymer fibres
in the nanometre diameter range from an electrostatically
driven jet of polymer solution (or polymer melt). The different
dimensions, shapes and porosity of polymer nanofibres can

Published online: 28 June 2019

characteristics [3].

Herein, the present study progresses through three differ-
ent stages. First is the preparation of electrospun poly(methyl
methacrylate) (PMMA) nanofibres. PMMA is preferred since
it is a commercially available synthetic polymer with excep-
tional characteristics like transparency, good tensile strength
and processability as compared with other commercially
available polymers. It is an economical alternative to other
polymers such as polyacrylonitrile (PAN), polyvinylidene
difluoride (PVDF), etc. [4]. The production of PMMA
nanofibres with diameter <100 nm is very much rare in
the electrospinning field. The second stage of the study
is the preparation of lanthanide B-diketonate complexes.
Lanthanides like samarium and neodymium show excellent
luminescence properties. f-Diketone ligands are preferred to
prepare complexes because of their chemical stability, highly
molar extinction coefficiency and high energy transfer effi-
ciency from the ligand to the Ln(IIl) ions [5]. Lanthanide
B-diketonate complexes are well-known molecular lumines-
cent materials and they have characteristic emission bands [6].
Therefore, the incorporation of the luminescent material into

68
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Abstract: The present study investigates the synthesis of novel luminescent polymer nanocomposite through the
incorporation of CuO and Fe2 O3 into a C1sH12N2O2Zn host polymer matrix. The observed green electroluminescence
behavior originates mainly from the shift in the HOMO-LUMO energy gap of the polymer matrix caused by the inclusion
of oxidized metal/oxygen ions from the incorporated metal oxides into the pyridyl and phenyl groups of the host polymer.
The existence of oxidized metal/oxygen ionic states in the polymer matrix is successfully confirmed through X-ray
photoelectron spectroscopic analysis. The FTIR analysis is utilized to verify the presence of pyridyl and phenyl groups
in the host polymer matrix. The successful incorporation of CuO and Fe2 O3 into the host polymer matrix is examined
through FESEM and HRTEM analyses. XRD, EDS, and XPS analyses are employed in order to confirm the exact

crystalline phase and material compositions of the samples prepared.

Key words: Metal oxide-(8-hydroxyquinoline)zinc polymer nanocomposites, organic photoelectroluminescence, mor-

phology, XPS analysis

1. Introduction

For the past few years, researchers have focused their attention on the synthesis and characterization of light-
emitting organic compounds for promising applications in various types of electroluminescent (EL) devices.
Organic EL devices are supreme candidates for use in portable display device applications because of their lower
power consumption and potential for the production of all ranges of color emissions [1-5]. Numerous EL studies
have been conducted on metal-based quinoline derivatives such as tris-(8-hydroxyquinoline) aluminum (Alqs),
bis-(8-hydroxyquinoline), and zinc (Znqz) due to their excellent flexibility, high photoconductivity, and the high
lifespan of devices. As compared to Algs, Znqs has been used more extensively due to its efficient electron
transport property, lower biasing voltages, and higher quantum yields in device performance [4-6]. For example,
the comparative studies conducted by Huo et al. on organic light-emitting diode (OLED) performances of chloro
and fluoro substituted Zn(IT)8-hydroxyquinolinates found that the material is suitable for yellow OLEDs [7].
Sapochak et al. studied the EL and structural effects of zinc(IT) bis(8-hydroxyquinoline) on electronic states
and device performance. The study observed that the strategic substitution of 8-hydroxyquinoline ligands into
the metal component and control of the structural symmetry of the corresponding metal chelates may offer a
route to high efficiency and lower operating voltage for small-molecule OLEDs [8]. Wang et al. fabricated EL
and phosphorescent OLEDs using novel Zn(II) complexes of 2-(2-hydroxyphenyl)benzothiazole ligands. The

*Correspondence: abrahamke@gmail.com
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THE IMPACT OF MOBILF - COMMERCE:
A SWOT ANALYSIS

ANANDHILE
M PHIL SCHILAR
PEF o RESEARTCH DEPARTMENT OF COMMERCE
SREE NARETANA GURL COLLEGE, K G OHAVADY, COUMBA TORE

Minble | Sperandtdl Pl onomalidpansa? Sl som
ABSTRACT
Jn the dast fw vears, there had been mmmeenze growih ofwireless fechnalesy n India. Thic srowth
fas chumped people fo do utmess n moebide commerce (M-Commerce). Day &y day many peopie
are chogsmg M-Commerce mrread of E-Commerce o aifam good and fast ransaction in o
murier M-Commerce grms more imparimceamong Tndians, over the st fos years. Due fo laree
number gf mabile appication. prowth rafe m mobile penetration in Indiz iz moreazme day &y
day. The users has mumsely moreared om madile phone and consuming bandwadsh of mierner
providers. Aithough many pecple have siorred E-Commerce dut 1ol they fwcifaie fo e M-
Commerce becaure of tecurrly problems, payeen? Brues and complecty of molile applicatians,
This paper identiler foce abowr de feanbiiny of M-Commerce and ic growth amd the Stremeth
and apporimily, weakness ang thress ying ahead
INTRODTCTION: -
M-copmerce iz defined as “the ability to porchase poods apywhere through a wizeless Intermet-
cmabled dewice. Pomary mwobile commumicafion exists fwough web-epabled  winelsss
phones. Mobile Conmierce refers to wireless elecironic commerce tsed for conducdng commerr e
ar basiness throush 2 handy device liks cellalar phone or Persopal Drigital Assistant (PTIAY. It &
alsp said that it is the pext seneration wireless E-commerce that needs oo wire and phig-in
devices. Mobils copmierce is wsually called as “M-commerce’ in which user can do amy sort of
tmanzaction inchading baving and sallmp of goods, asking amy services, mansfemng ownsrship or
righis. Tapsacting and transfemmz money by accessimg winsless mismet service on the mobile
handzet itsalf The next genemation of commerce would mest probably be mobile copumerce or M-
commerce. The difference bemween E-commerce and M-commercs is that E-commercs is lmited
to PC users with an Internet Comnection. With M-commerce moving to an SMS plarform among
ather things, M-conmerce s open to almest the endre mobils population.
DEFINITION OF M-COAMERCE:-
A simple definition of Mobile Conmmernce doscribes it a5 “apy taosaction with 8 monetary valae
ikt is conducied wia a mobie felscommmnications nermoak”
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In this study, variability of biochemical composition in the surficial coral reef sediments of Kavaratti and Pitti islands
in Lakshadweeep archipelago was investigated. Biochemical composition of sedimentary organic matter from the study area
was characterized by the dominance of proteins in Pitti and carbohydrates in Kavaratti over lipids. The percentage ratio of
the labile to total organic matter indicated that most of the deposited organic matter was refractory in both environments.
The higher PRT:CHO ratios in Pitti sediments compared to that of Kavaratti indicated that in the former there was low dead
organic matter accumulation. The lower LPD:CHO ratios estimated for sediments in both islands indicated low quality of

labile organic matter to support benthic fauna.

[Keywords: Coral reef sediments, Kavaratti, Pitti, Organic matter, Biochemical composition, Labile organic matter]

Introduction

Marine sediment overlay two-thirds of the earth’s
surface representing one of the largest microbial
habitats on the earth. It is complex in nature and acts
as the major sites for mineralization and nutrient
regeneration of organic matter derived from pelagic
primary production and terrestrial input'. The surficial
sediments can play an important regulatory function
through the storage and transformation capacity of
organic matter and nutrients and through the reactivity
of biogeochemical buffers’. A fraction of 25-50% of
the organic matter derived from coastal primary
production is deposited to the sediments®**. The oxic
surface layer of marine sediments can account for
more than half of the total organic carbon
mineralization®’.

Coral reef ecosystems are widely recognized as
among the most biologically diverse and complex
ecosystems; they have been called the marine
equivalent of tropical rain forests’. These are
characterized by exceedingly high rates of
productivity, yet are typically situated in nutrient poor
waters’. Coral reef sediments are generally loose and
unconsolidated in nature. Sediments are fundamental
for the function of oligotrophic coral reef ecosystems
because they are major places for organic matter
recycling. This releases the nutrients to the
surrounding environment and the dynamics of

nutrients are linked to the ecological processes. The
study of nutrients would help in understanding the
potential availability of life supporting elements in the
aquatic system'’. Therefore, both qualitative and
quantitative studies are important for understanding
the basic processes governing the distribution and
biogeochemical cycling of nutrients''. The best coral
development is always found on the nutrient-depleted
oligotrophic waters, as they are the least tolerant of
nutrient enrichment. The biogeochemical processes in
the oxic sediment layer play an important role for
highly permeable, carbonate sediments in coral
roofgl 2131415

Reef sediments are typically derived from the
calcareous skeletons of corals processed by bio-
eroding organisms, but also by other biological,
chemical and physical processes'®'’. Generally,
permeable reef sediments function as biocatalytical
filters that lead to a very effective processing and
regeneration of organic matter'®'****!. Consequently,
these sediments contribute to the release of the
limiting nutrients N and P after remineralization of
organic material”*. Through their contribution to an
efficient element cycling'®*, reef sediments are
crucial for the functioning of coral ecosystems and
help to maintain typically high biomass and primary
productivity in coral 24 despite of the

reefs™",
surrounding oligotrophic waters™~>%*".
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The Oither Side of Indiz-Pardton: The Decanonization of the Patriarchs

Abstract

Diespite all the squatble and comnwiion armmd the nwst controversial decumentary
of the year “India’s Daupbter (2015) which is based on the real story of the rape vichm in
Dielhi, we are yet to brood on bow many such daushters bave been irpored in past dacades of
Imdia’s history. Many men and women knstorresTaphers have dooe extensive study on India’s
Partition and contrimated 1o the archives of Indian Histary, Bur oone of them has sver
amempted 1o focus on the hereic deeds of womsan activists or experisnces of women vicdms
duneg Parfition. It is af fuis contest we understand the relevance of the memoirs of those
social activists who worked inceszantly for the rehabilitaton and rewival of mpe viciEms of
Partition The rescaing enterprise of Fameshwan Nehru, Mridula Sarabhai. Famlaben Patal |
Amis Fidwal and Sushesla Wayyar 15 an ipetance of faith that women's podency cannot he
shronded in fordvensss and they are oot unequal o men The survival propensicy of erdinary
women and ihe service rendered by women actvises during the vislence ndden pantition days
of ndia maka them salwans of womsn"s history of India History should epen to discuss the
valpur apd imdomitable spit of these women so that it remains a record of equality and

tolerancs. Chao history i incomplste withos mchding her hersmes and marhrs. A
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We present A" =1 supergravity models of mutated hilltop inflation (MHI) for both large and small field
sectors. Models with canonical kinetic terms are developed based on a shift symmetric Kahler potential
in inflaton superfield, and with a superpotential linear in Goldstino superfield. We also construct models
with non-canonical kinetic terms for MHI by generalising the shift symmetry. We found that a good
fraction of the models can address the entire branch of MHI in a single framework.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Among a plethora of models for cosmological inflation [1], one
of the very interesting models that is well-appreciated after the
latest Planck 2015 and 2018 data [2,3], is the Mutated Hilltop In-
flation (MHI) [4] model. First proposed around a decade back, the
salient features of these models have been explored at length at
different stages (see, e.g., [1,5,6]). MHI models generically have a
potential of the form

V = Vo (1 —sech u¢) (1)

for the inflaton field ¢ with Minkowski minimum at ¢ = 0.
This model belongs to the class of chaotic inflation with super-
Planckian inflaton field value ¢ > 1. Depending on the value of
model parameter p, MHI can occur in two branches: one belongs
to large field excursion sector A¢ > 1 for i < 2.8 and the other
one belongs to small field sector A¢ <1 for u 2> 2.8 [5]. Moreover,
the model has a subset in the large field sector which belongs to
the class of «-attractors [7-15] for the limiting case wu¢ > 1 [5].
Spectral index ng is almost independent of the parameter w, but
with a slight negative running, and the tensor to scalar ratio r can
address the value from 10~ to 10~ depending upon the value of
. Subsequently, some more interesting features of these models
have been studied in [1,6]. These predictions are in good agree-
ment with the latest Planck 2015 and 2018 data [2,3].

However, despite all its successes, a complete description of
MHI in the context of supergravity is still unavailable. The aim

* Corresponding author.
E-mail addresses: tonypinheiro2222@gmail.com (T. Pinhero), supratik@isical.ac.in
(S. Pal).

https://doi.org/10.1016/j.physletb.2019.07.042

of the present article is to construct a supergravity model that
would lead to the mutated hilltop inflation. The form of the po-
tential mentioned in Eq. (1) can be considered as the functional
form of tanh¢ and hence it belongs to the class of «-attractors
and these «-attractors are well formulated and studied in the con-
text of supergravity and string theory [7-18]. In fact, the T-model
variant of o-attractor gives rise to a potential of the form Eq. (1)
and, for suitable choice of the parameter u (and hence «), one
can realise the MHI model for small-field and large-field within
the framework of «-attractor.

The goal of this letter is to construct a supergravity frame-
work that can account for MHI, with all non-inflaton moduli fields
stabilised, and to demonstrate that it can address each and ev-
ery branch of the model therefrom. One can accomplish this in
the context of general inflaton potentials in supergravity for the
chaotic inflation [19], since MHI falls under the category of chaotic
inflation. In such a scenario one has to choose a Kdhler potential
which is invariant under the shift of inflaton superfield T and a
superpotential which is linear in Goldstino superfield S [20]. More
specifically, Kahler potential should be a function of T &+ T* and
the component (i.e., real or imaginary part of inflaton superfield),
which is not appearing in the Kdhler potential should be treated as
the real inflaton field: T 3 T*. This is to avoid the usual n-problem
in supergravity.

Explicit functional form for these super- and Kahler potentials
in such a construction reads

W=Sf(T) Kf=k=* ((T +T%)?, ss*) . )

This Kdhler potential is invariant under the following shift trans-
formation:

0370-2693/© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by

SCOAP3.
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Role of hydrographical parameters and total organic carbon on mercury allocation
along the riverine transect of Beypore, south-west coast of India
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Distribution of total mercury (THg) was carried out in the sediments of Beypore estuary. The THg concentration in
surface sediments varied from 0.03 ppm to 0.17 ppm. The pollution index approach using contamination factor (CF)
revealed that the sampling stations are moderately contaminated with respect to mercury. Further, the effects of
hydrographical parameters (pH, salinity, dissolved oxygen) and total organic carbon (TOC) of the sediment were studied
over the spatial distribution of mercury (Hg). Correlation analysis unveiled THg exhibited significant positive correlations
with TOC (R=0.91) and salinity (R=0.744). However significant inverse correlation was observed between pH and Hg (R =-
0.93). The C: N ratios suggest that the organic matter is labile in nature. Total organic carbon was found to control the

distribution of Hg. It is the first base line study in this estuary.

[Keywords: pH; Salinity; Dissolved oxygen; Total organic carbon; Mercury; Beypore estuary]

Introduction

Mercury (Hg) is regarded as a global pollutant and
an extremely toxic metal occurring naturally in air,
water and soil” >. The element Hg occurs naturally
from countless sources™™® and its toxicity is well
established’. Numerous studies pertaining to Hg in
coastal and estuarine sediments have unveiled the fact
that organic matter is a key variable which influences
distribution of Hg in aquatic environments’>*'%!1-1213,
Total organic carbon (TOC) is found to exhibit
excellent correlations with Hg circulation in
sediments®>'* . It is cited that primary driver of
sediment diagenesis in freshwater and marine
sediments is organic carbon (OC) flux'®. The stability
of Hg-OC complexes depends on several factors: 1)
nature and composition of organic matter; 2) Hg
concentrations; and 3) pH, ionic strength and redox
condition of the medium'>'®"".

Organic carbon transported to the sediment can
be of two types namely, autochthonous and
allochthonous carbon'®. Autochthonous carbon, which
is typically considered the more labile of the two
types of carbon, is produced at or near the site of
consumption. Organic carbon produced outside the
system of interest is considered allocthonous organic
carbon'®. Since organic carbon in fluvial systems can
be degraded during transport by microbial and
macrobiotic processes, allocthonous carbon (produced

elsewhere) tends to be more refractory'®. Both the
magnitude and type of organic carbon play major
roles in controlling the rates of sediment diagenesis.
Carbon and nitrogen in aquatic ecosystems are
governed by the amalgamation of terrestrial and
autochthonous organic matter®**'*>*2** 1t is found
that freshly formed organic matter from mainly
planktonic organisms has a C/N ratio of 6 to 9°**%,
Salinity is regarded as a key factor in understanding
speciation of Hg in estuarine sediments'®***°. Earlier
studies have observed that salinity intrusion
brings high turbidity, which can also alter the Hg
distribution®’. Further increasing association of Hg
with sediments has also been reported via “salt out”
effects in estuary'® ** **. pH is also considered as an
important factor in unveiling the mobility of Hg in
sediments®**’,

The present study encompasses the effect of
physico-chemical parameters and total organic carbon
on the spatial distribution of Hg concentration in
Beypore estuary. The literature shows that very
few data banks are available in this estuary. Studies
regarding physico chemical parameters, tidal
influence, nitrogen fluxes and trace metal chemistry
have been undertaken in this estuary’®**** | The
potent pollution source identified was Gwalior rayon
factory, a popular paper and pulp industry that
changed the face of river Chaliyar. Paper pulp factory
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Biochemical composition of sedimentary organic matter in the
coral reefs of Lakshadweep Archipelago, Indian Ocean

Anu Joy?, P. Anoop?, R. Rajesh?, Jose Mathew?, Angel Mathew® and Anu Gopinath®
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ABSTRACT ARTICLE HISTORY
Surface sediments were collected from the shore and lagoons of Received 3 March 2019
Kavaratti, Kadamat Agatti and Pitti islands of Lakshadweep  Final Version Received 4
Archipelago during May 2015 and analysed for biochemical September 2019
composition and quality of organic matter. The biochemical

i . . ) KEYWORDS
composition of sedimentary organic matter from the entire study Coral reef sediments; organic
area was characterised by the dominance of carbohydrates (CHO) matter: biochemical
followed by proteins (PRT) and finally lipids (LPD). PRT:CHO ratios composition; Lakshadweep
were less than 1 and indicated the presence of aged organic
matter in the islands. The poor nutritional quality of sediments to
support benthic fauna was evident from the values of LPD:CHO
ratios. The refractory nature of sediments and less availability of
food to benthic source was supported by BPC:TOC ratios. Based
on estimated ratios and biopolymeric carbon values, the trophic
status of the study area was categorised as oligotrophic.

Introduction

Marine shelf sediments are the major sites for mineralisation and nutrient regeneration of
organic matter derived from pelagic primary production and terrestrial input [1]. A fraction
of 25-50% of the organic matter derived from coastal primary production is deposited to
the sediments [2]. It plays a pivotal role in the chemistry of oceans and provides a significant
reservoir in the global carbon cycle [3]. Quantity and the composition of organic matter in
sediments are strongly influenced by heterotrophic microorganisms [4,5]. Organic matter in
sediments is derived from a variety of sources such as autochthonuos, allochthonuos and
anthropogenic sources [6]. Biogeochemical processes associated with organic matter remi-
neralization in sediments depend greatly on its quality. Hence quantity and quality of
organic matter in surface sediments are recognised as major factors affecting benthic
fauna dynamics and metabolism [7-9]. Organic matter in marine sediments is composed
of labile and refractory compounds, whose relative importance changes as a function of
a complex array of processes, including degradation, heterotrophic utilisation, transform-
ation, accumulation and export [10]. The assessment of the quantity and quality of
organic matter, whether labile or refractory, is a prerequisite for explaining diagenetic pro-
cesses [7]. The biochemical composition has been commonly utilised to achieve vital
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ABSTRACT ARTICLE HISTORY
Surface sediments were collected from the shore and lagoons of Received 6 July 2018
Kavaratti, Kadamat and Agatti islands of Lakshadweep Archipelago Final Version Received 12
during May 2015 and analysed for the spatial distribution of the April 2019
micronutrient element, phosphorus. Phosphorus was separated by

R . . . KEYWORDS
sequen'glal extraction procedure |.nto five fractions — exchan_geable Phosphorus; fractionation;
(Ex-P), iron bound, (Fe-P), calcium bound (Ca-P), organic and coral reefs; sediments;
residual fractions (OP) and total phosphorus (TP). The average Lakshadweep
relative contribution of each P species to TP was: OP > Ca —P > Ex
- P>Fe - P. The high concentration of organic and residual
phosphorus (87-96%) compared to inorganic phosphorus is
particularly evident at stations characterised by higher total
phosphorus concentrations. Among the three forms of IP in the
sediments, Ca-P was dominant at all stations. The OC/OP ratio
ranged from 3 to 163 in the sediments, suggesting that the
organic matter in sediments had been subjected to degradation.
Hence, the major contribution towards organic and residual
phosphorus form is from the residual fraction comprising
biologically resistant or non-available phosphorus form composed
of refractory materials. The concentration of phosphorus reported
in the present study is higher than that of the earlier studies in
Lakshadweep, indicating a terrestrial and anthropogenic influence
on the sediment.

Introduction

Coral reefs occupy a unique niche in marine ecosystems [1]. They are one of the most
productive ecosystems [2] and are used as environmental indicators because of their
apparent sensitivity to physical and chemical changes in the marine environment [3].
Although coral reefs are oligotrophic in nature, production of organic matter and nutri-
ent turnover attribute is high. In order to unravel the high biological productivity of the
reef ecosystem, the role of phosphate as a growth-limiting nutrient is of great concern
[4]. P is also critical to the global climate and environmental changes because of the
relationship between atmospheric carbon dioxide and marine photosynthetic pro-
ductivity [5-7]. Numerous studies have indicated that estuaries and adjacent seas are
important sinks for P, which can be captured in large quantities in these ecosystems
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Surface sediments were collected from the shore and lagoons of Kavaratti, Kadmat and Agatti islands of
Lakshadweep Archipelago and analysed for trace element concentration. The sediment contamination was as-
sessed on the basis of geochemical, biological hazard and ecological risk indices. Except Cd and Pb, all the other
trace elements selected for the study were below the contamination level. Compared to Kadmat, Kavaratti and
Agatti were more polluted and the pollution was pronounced in lagoons than shore. Population pressure, un-

treated sewage, diesel based power generation, shipping and tourism activities contribute to sediment con-
tamination. Statistical analysis revealed the association of trace elements with sedimentary characteristics due to

anthropogenic sources.

Trace elements are the most toxic, abundant and persistent pollu-
tants that can accumulate in marine habitats and increases the con-
centration through biomagnification (Chakraborty et al., 2010). These
are transported to the marine environment through natural and an-
thropogenic processes as dissolved species in water or in association
with suspended sediments. Trace elements have the potential to affect
sediment nutrient cycling, cell growth and regeneration as well as re-
productive cycles and photosynthetic potential of marine organisms
(Bricker, 1993). The geochemical investigation of sediment provides
information about trace elements in the aquatic systems (Boamponsem
et al., 2010).

Lakshadweep is an archipelago of coral islands scattered in the
Arabian Sea off the West Coast of India. It consists of 36 tiny islands, 12
atolls, 3 reefs and 5 submerged banks, covering an area of 32 km? with
lagoons occupying about 4200 km?. Lakshadweep has a total popula-
tion of 64,429 with a population density of 2013 persons/km?, which is
one of the highest in India (LAPCC, 2012). The islands are flat and
scarcely rise more than two meters and are vulnerable to storms and sea
erosion. They are made up of coral sand and boulders which have been
compacted into sandstone. The lagoons have sandy bottoms with
scattered coral boulders and pinnacles followed by extensive sea grass
beds at the landward side (James et al., 1986). According to Pillai
(1986) 105 species of corals under 37 genera were recorded from

* Corresponding author.
E-mail address: dranugopinath@gmail.com (A. Gopinath).
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Lakshadweep.

The livelihood of the islanders of Lakshadweep Archipelago is
greatly dependent on coral reefs, as they provide food, income, em-
ployment, shelter and protection. The geochemical aspect of trace
elements within the reef environment requires an attention as it can
assess the pollution status of the ecosystem. Hence a baseline data re-
garding the trace element pollution is essential to assess the health of
these coastal ecosystems. The present study is an attempt to assess the
contamination and spatial distribution pattern of seven trace elements
(Cr, Mn, Fe, Cu, Zn, Cd and Pb) in the shore and lagoon sediments of
three inhabited islands, namely, Kavaratti, Kadmat and Agatti be-
longing to Lakshadweep Archipelago.

Kavaratti is the capital of Lakshadweep Archipelago. It is a popular
tourist destination due to the presence of pristine white sand beaches
and calm lagoons. Kavaratti having an area of 3.93km? lies 360 km
away from the Kerala coast at 10° 32’ and 10° 35’ N latitude and 72° 35’
and 72° 40’ E longitude. The maximum length and width of the island is
5.8 and 1.6km respectively. It is the most populated island in
Lakshadweep. It has a lagoon area of 8.96 km?. This island ranked first
among the islands with 86 species of corals and live coral coverage was
recorded as 39% (Pillai and Jasmine, 1989). Kadmat is located at 11°
10’ and 11° 16’ N latitude and 72° 45’ and 72° 48’ E longitude, with an
area of 3.20km? The lagoon has a width of 1.5km. It is the central

Received 6 March 2019; Received in revised form 22 May 2019; Accepted 1 June 2019
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Female Planters and European Socialization:
An Example From Kannan Devan Hills, South
India
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and

Dr. Jijo Jayaraj, Assistant Professor on Contract, Dept. of History, Pavanatma College, Murickassery,
Idukki, jijojayarajan@gmail.com, 9562234721

Abstract: The planters opened the wild of Kannan Devan Hills for the new plantation industry. like the
plantation labourers the planters also settled with their family in the Bungalows. All the planters were
busy with the plantation and the lady planters were very active in the public sphere of Munnar. Clubs,
Church, Dramatic Societies, Theaters, Exhibition programmes were conducted under the leadership of

the female planters.

Keywords: Club life, Female planters, Lodge and Church, Empire, Exhibition, Associations,

Gatherings, Stress
Introduction

Plantation industry did a vital transformation in the landscape as well as the socio cultural milieu
of the high ranges of Munnar which was largely known as the Kannan Devan Hills situated in the
Northern part of the erstwhile Travancore state. When the planters arrived here they had to face extreme
adversities like the wild forest, wild animals, entirely different population with different custom etc. In
order to keep the planter and their family mentally fit they need to engage in social and cultural activities.
This process was visible throughout the plantation estates of South India. Some of the programmes were
conducted exclusively for the planter women like the exhibition Programme, Dramatic programmes etc.
they were also very active in the club life and amusements all the programmes were organized by the
respective estate clubs and competitions organized between different Planter Associations of South India.
The empire and the state gave necessary support because the best mental health could produce better
outcome. These cultural and social activities attracted more planters from Europe who came up here to

invest. A European model of social life was constructed here.
Women in the Exhibition Programmes

With the progress of time the plantation spread all over the High Ranges. Planters who came from
Scotland and from other parts of Europe brought their family also. The social life slowly developed in
Munnar. The planter males were busy in the tedious toil in the hill station, and found hunting fishing as
the means of leisure. Ladies in the High Range have since the earliest days organized their own

entertainment. There were frequent tea meetings, and an annual bazaar at which local talents were
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displayed, tennis mornings and fund raising organizations for everything, from war to draughts or
floods.(Amita Baig, Handerson, 1972)! The Munnar exhibition programme was the most popular event
among the madam planters of the district. The exhibition Programme was started in 1900. The Exhibition
was organized in the Indian club.(Travancore Gazette 1923)> Button sewing competition, book title
competition, Tennis, hat trimming competition, sketching completion, etc., were conducted as part of the

event.

The competition for the best show of fruits and vegetables was the main attraction. In the first
event Miss. Eherdt of Gudarle estate and Mrs. Martin of Chittavurrai competed for the prize. Photographs
of all printed, developed and send up by the competitors were produced. The short story competition was
won by the Baroness von Rosenburg. (Violet Martin, 1930)* Dress making for ladies and children was
keenly contested. An auction of the perishable articles was held. On the same evening an important

concert was given and the night ended with dancing.

In 1901 the second exhibition was conducted and remarkable was the native participation in it. Wood
carving competition was conducted and the native community made excellent contribution. The third
exhibition was conducted in 1911. Mr. and Mrs. Swayne organized the third exhibition. The outbreak of

the Second World War put a stop to the exhibition.
Church and Faith

Henry Gribble, father of Baroness von Rosenberg, paid a visit to the High Range in April 1901.
He was a keen mason and under his persuasion those who were free masons got together. Six of these
were members of Scottish Lodges. While, A. F. F Martin was a member of the English Lodge. On 24
May 1902, Lodge Heather was opened. The installation took place by a quorum of seven members.
Gribble officiated the occasion. A. F. F Martin was selected as the first Master. A beautiful hymn was
sung by Gribble. Lodge meetings took place each full moon and proved a great success. New masters
were installed each year and more than once have the rights of the masonic funeral been given to Masons
who have passed beyond. Baroness von Rosenberg, Mrs. Martin and Miss. Anna Martin, sister of A. F. F
Martin were the ladies interested in the furnishing of the Lodge. The first Bishop to visit the High Range
was Bishop Hodges. He came from Kodaikanal in April 1898.(Violet Martin, 1930)* A. F. F Martin the
senior planter accompanied him from Bombardie shola. The Bishop stayed for four weeks and held two
services one at Chittuvurrai Bungalow and other one at Mrs. Thorps Bungalow. He visited several other
estates. He went to Bodimettu through Periakanal. In 1905 Buchanan urged the then Manager of the K.
D. H. P to build a Church at Munnar. The Church was built below the Cemetery at old Munnar. It took

about a year to complete.

The first recorded service took place on 1% may 1898 at W. D Martins bungalow at Shollamali.
The service was taken by the Rev. C. A Neve, a CMS Missionary. Eight adults participated and a baby
was baptised. Like the planters the Chaplains moved all along the estates on the horseback. The first
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Ahstract
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major aperl in policy formulation ond decision making by sales across the world. The fipure
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ABSTRACT

An intense UV-visible photoluminescence of vacuum deposited Sb,Oj thin film surface crowded with randomly
oriented thorn like structures have been studied using photoluminescence (PL) spectroscopy. The resulting UV
emissions are near band edge (NBE) emissions. All the visible deep level emissions (DLE) are due to oxygen
defect states. The thorn like structures is achieved by the inclined arrangement of substrates with respect to the
source in the vacuum chamber. Some distorted polygonal shapes also emerge among the randomly oriented
thorns giving an impression of a hybrid formation upon annealing. This formation of various structures leads to
decreased UV NBE and defect level PL emission. The excitation wavelength dependence of PL emission has also
been studied. The optical band gap energy of the film is found to be varying from 3.64 to 3.42 eV on annealing.
The prepared films are of Sb,O3 cubic structure with polycrystalline nature as confirmed from XRD results. The
emergence of thorn like morphology is clearly demonstrated with the aid of FE-SEM and TEM analyses. EDS
verifies the elemental composition of Sb,O3. This paper provides an insight into the influence of confinement

directions or film surface morphology on the PL emission intensities and PL emission ranges of Sby0s.

1. Introduction

The quality of modern world devices is highly reliable on thin films
prepared through vacuum based synthesis techniques. Vacuum pressure
plays an important role in modifying thin film parameters like adhe-
sion, purity, homogeneity, film thickness etc. [1]. High vacuum of
nearly ~ 10~> Torr and more is used in various vacuum deposition
techniques such as Physical Vapour Deposition (PVD), Chemical Vapour
Deposition (CVD), Molecular Beam Epitaxy (MBE), Sputtering etc. A
major significance of PVD method is that a large variety of substrates
can be coated with unlimited number of materials including metals,
alloys, semiconductors, organic and inorganic compounds etc. The thin
films produced are of various microstructures with excellent adhesion.
Such thin films are widely used in optical, opto-electronic and micro-
electronic systems [2,3]. The greatest advantages of vacuum thermal
evaporation are faster evaporation rate, better step coverage and sub-
strate damage prevention in comparison with other PVD techniques like
sputtering, CVD etc. In addition, film purity and thickness can be
controlled using suitable vacuum condition and by varying the de-
position rates [4].

Antimony Trioxide (Sb,0s) is a semi-metal oxide semiconductor
with wide and direct band gap of 3.3eV [5,6]. This V — VI group

* Corresponding author.
E-mail address: abrahamke@gmail.com (K.E. Abraham).

compound has got many applications in optoelectronics and industrial
chemistry. Antimony Trioxide is an excellent flame retardant synergist
in plastic and polymer industry [7,8] and can even act as a good cat-
alyst in organic synthesis and photochemistry [9-13]. Like any other
metal oxide semiconductors, Antimony Trioxide also got applications in
optoelectronic devices such as solar cell and UV LED. It is also used as a
part in heat mirrors and spectrally selective coatings [14]. Sb,O3 exist
in two polymorphic phases: the low-temperature senarmontite phase
with cubic shape and the high-temperature valentinite phase with or-
thorhombic shape [15-17].

Recently, synthesis and characterization of micro and nanos-
tructures of Sb,O3 have been intensively studied by many authors. For
examples, Jamal et al. studied the photocatalytic degradation of acri-
dine orange and chloroform sensing using as grown Sb,O; micro-
structures [13]. Cebriano and coworkers studied the photo-
luminescence and optical resonances in Sb,03 micro and nanotriangles
[18]. Besides, they studied the self-assembly phenomena, luminescence
and phase transitions in Sb,O3; micro-rods [19]. Zhengtao and co-
workers synthesized Sb,03 single-crystalline nanobelts with elliptical
cross section and studied its emission properties [20]. They as well
investigated the emission properties of single crystalline Sb,O3; nano-
wires with rectangular cross section [21]. Several studies have been

1 Present address: Department of Physics, Mar Thoma College for Women, Perumbavoor, Kerala 683542, India.

https://doi.org/10.1016/j.mssp.2018.03.031

Received 6 December 2017; Received in revised form 21 March 2018; Accepted 23 March 2018

1369-8001/ © 2018 Elsevier Ltd. All rights reserved.



AT i P Enl Eunts Bmf i e of i sl {1 b Ly atndc BT

opsclence

FAFER

Enhanced room temperatre gas sensing of aligned
Mn;0y4 nanorod assemblies functionalized by

aluminum anodic membranes
Weetha John', Paulose Thomas!, KV Divya! and K E Abrabam’ ()
Pablishod 11 Fone 201E « & 2018 IOP Peblishmg Lid

Menotechnology, Voleme 19, Mumbar 33
Cigation Mostka Jehn of af 2018 Mamowckmodogy I 333503

DWOT 10 BOEE] 361 -85 28 a5

abrahamkeyiemad] com
| Ceparmment of Physics, 5B, College, Chapranassery, Femla, Indu-686101

* Marthoma Colleze for Womer. Perumbavoer, Kemla, India- 683542
E E Abraham |} hirps:/‘orcid org 0000-0002-6427-3468

1. Beczived 26 Febouary 2018
2 Bevised 26 April 2018

3. Accepted 21 May 2018

4 Published 11 Tune 20E8

e~
Method: Sinple-anomymons
Revissons: I
Scresned for orizinabny” Yes
Bury this arficle in primt
% Joomal BSE
Sign up for new isme notifications

Creaig citation alert

Abstract
Thiz wite wees cockims. By contmermg tonse this siis yoo agres o our nss of cookiss. To fnd oot eers, ﬂ'

hiEw Magmcd eros log sl ghatiche T 106 95 BRI AR LT het



Nanotechnology

ACCEPTED MANUSCRIPT

Enhanced room temperature gas sensing of aligned Mn304 nanorods
assemblies functionalized by Aluminum Anodic membranes.

To cite this article before publication: Neetha Rachel John et al 2018 Nanotechnology in press https://doi.org/10.1088/1361-6528/aac655

Manuscript version: Accepted Manuscript

Accepted Manuscript is “the version of the article accepted for publication including all changes made as a result of the peer review process,
and which may also include the addition to the article by IOP Publishing of a header, an article ID, a cover sheet and/or an ‘Accepted
Manuscript’ watermark, but excluding any other editing, typesetting or other changes made by IOP Publishing and/or its licensors”

This Accepted Manuscript is © 2018 IOP Publishing Ltd.

During the embargo period (the 12 month period from the publication of the Version of Record of this article), the Accepted Manuscript is fully
protected by copyright and cannot be reused or reposted elsewhere.

As the Version of Record of this article is going to be / has been published on a subscription basis, this Accepted Manuscript is available for reuse
under a CC BY-NC-ND 3.0 licence after the 12 month embargo period.

After the embargo period, everyone is permitted to use copy and redistribute this article for non-commercial purposes only, provided that they
adhere to all the terms of the licence https://creativecommons.org/licences/by-nc-nd/3.0

Although reasonable endeavours have been taken to obtain all necessary permissions from third parties to include their copyrighted content
within this article, their full citation and copyright line may not be present in this Accepted Manuscript version. Before using any content from this
article, please refer to the Version of Record on IOPscience once published for full citation and copyright details, as permissions will likely be
required. All third party content is fully copyright protected, unless specifically stated otherwise in the figure caption in the Version of Record.

View the article online for updates and enhancements.

This content was downloaded from IP address 35.176.47.6 on 22/05/2018 at 06:36

99



Page 10f 18

oONOUVT D WN=

AUTHOR SUBMITTED MANUSCRIPT - NANO-117148.R1

Enhanced room temperature gas sensing of aligned Mn3O4
nanorods assemblies functionalized by Aluminum /Anodic
membranes.

Neetha John, Paulose Thomas', Divya K. V., Abraham. K. E*
Department of Physics, S.B. College, Changanassery, Kerala, India=686101
ABSTRACT

The study signifies a conductometric chemical sensor design using.aligned Mn3O4 nanorods.
Nanostructuring is an emerging field of prominence due to _.it§ capacity to introduce
unprecedented properties in materials with potential applications. Hydrethermally prepared in
situ Mn3O4 sample appears in urchin rod like morphology which changes to spherical shape on
annealing. An aluminum anodic membrane/template (AAO)uis used for the growth of the
nanorods and also as a medium to support the sensor. Aligned Mn3Osnanorods are formed in the
pores of AAO by vacuum infiltration approach which is later on annealed. Gold electrical
contacts are deposited on the top or bottom ends of thezMn3;O4-embedded AAO to ensure
conductometric sensing along the length of the Mn3Osmnanorods. In comparison to Mn3O4 film
based sensor, Mn3O4 nanorods in AAO template has enhanced sensitivity for detecting ethanol
and acetone vapour at room temperature. The novel property observed is a result of the large
surface area and number of oxygen vacancies,of thesuniformly aligned and parallel assemblies
of nanorods. The sensor exhibits lowestiresponse time of 4 seconds for ethanol and 2 seconds
for acetone at room temperature with a‘concentration of 50 ppm. The response time 1s 7 and 5
seconds respectively for 25 ppm. The maximum sensitivities of the sensor at room temperature
for ethanol and acetone gases are 67 % and 68 % respectively for 50 ppm concentration. The
growth mechanism of aligned nanorods formed in the AAO template is well established through
FESEM analysis. The XPS and HRTEM study give additional evidence for the presence of
oxidation states and structure.of prepared nanostructures respectively.

KEYWORDS: Mn;04nanerod; Aluminum Anodic Membrane,; Gas sensor.
1. INTRODUCTION

Metal oxide nanocrystals are proficient to exhibit exemplary electrical applications which has
triggered the quest to design their improved versions with functional applications like sensing,
energy storage; catalysis and magnetic data storage [1]. Among them, manganese oxides are
widely used in/many fields because of their potential applications such as supercapacitors [2],
ion exchange [3];:molecular absorption [4], magnetic applications [5] and secondary batteries

Marthoma College for Women, Perumbavoor, Kerala, India- 683542.
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Dielectric relaxation and AC conductivity mechanism of
eco-friendly Fe,O3 hexagonal nanomorphotype

T.PAULOSE, K. E. ABRAHAM'

St. Berchmans College, Changanacherry, Kerala, 686 101, Indja

We report dielectric and electron transport properties of hydrothermally synthesized ecofriendly Fe»Os hexagonal
nanomorphotype. The space charge polarization and orientational polarizations are the main mechanisms behind the
dielectric property of Fe2O3 nanostructure. The frequency and temperature dependent impedance analysis was carried out
in the frequency range 100Hz-1MHz. By theoretical fitting methods, the dielectric relaxation formalism has been identified
as the Cole-Cole like relaxation. The AC conductivity in the nanomorphotype obeys the universal power law and also the

“on

“Qn

frequency exponent parameter “s” decreases with increase in temperature. Correlating the nature of “s” with various
theoretical models and observing that the conduction mechanism is mostly due to the thermally activated charge carriers,
both overlapped polaron hopping transport (OLPT) and correlated barrier hopping (CBH) theoretical models are found to be
valid in the present case. The dielectric study of Fe,O3 hexagonal nanomorphotype opens up the way for developing charge

storage devices with least environmental hazard.

(Received March 21, 2016; accepted June 7, 2017)

Keywords. Fe,O3 hexagonal nanomorphotype, Dielectric properties, Impedance spectroscopy, AC conductivity

1. Introduction

The researchers in nanoregime have great interest to
extract the dielectric behavior of semiconductor metal
oxide nanomaterials. The semiconductor metal oxide
nanomaterials show huge dielectric constant in nano range
compared to its bulk microstructure [1-3]. The high
dielectric  constant materials are used In various
technological applications like wireless communication
systems, high energy storage devices, space missions, etc
[4]. But still, the efficient dielectric as well as materials
used in electronic industry has made huge negative
environmental impact on earth surface/atmosphere. After
the usage, scientific world are least concerned about the
disposals of these materials. Meanwhile more research is
being carried out to find better ecofriendly materials for
electronic/industrial — applications. Many more recent
studies show Fe,O; nanostructures are an ecofriendly
material [5-7]. The present study is to put forward the
ideas of dielectric and electron transport property of more
ecofriendly ~ Fe,O; hexagonal  nanomorphotype  for
electronic applications.

Recently, nanostructured Fe,O; has received great
attention due to its variety of applications in the field of
energy, environmental studies, pigment for paint industry;
and contrasting agent for medical diagnostics, magnetic
resonance imaging and many other biomedical
applications [8, 9]. In recent years, researchers have
fabricated  different morphotypes of iron oxide
nanomaterials. For instance, Aaron M et al. reveal three
iron oxide polymorphs, hematite, maghemite and
magnetite grown on KBr substrates and its vibrational
spectroscopic analysis [10]. Albert G. Nasibulin et al.and
Huey-Wen Liou et al reported the Raman spectroscopic

and hyperthermia therapy study of Fe,O; nanowires
respectively [11, 12]. Nitin Kaduba Chaudhari et al. and
De Mont ferrand C et al. fabricated environment friendly
hexagonal shaped Fe,O3 nanocrystals [13, 14]. However,
there is lack of detailed reports from the dielectric
properties of nanomaterials with hexagonal shapes
especially in Fe,O5 nanostructures. N. N. Mallikarjuna and
team reported the novel high dielectric constant nano
composites of polyaniline dispersed with  a -Fe;04
nanoparticles and they suggested that conductivity and
dielectric constant values are increased by increasing the
amount of a -Fe,O5 in the matrix [15]. S. I. Srikrishna
Ramya and C. K. Mahadevan conducted a work on the
effect of calcination on the electrical properties and
quantum confinement of Fe,O3 nanoparticles and reported
that dielectric property is strongly dependent to quantum
confinement effect [16]. S.K. Sahoo et.al studied the
characterization of y and a -Fe,O; nano powders

synthesized by emulsion precipitation-calcination route
and also examined the rheological behavior of a -Fe,0s
[17]. S. M. Reda tested the electric and dielectric
properties of Fe,Oq/Silica nanocomposites and suggested
that AC conductivity and dielectric loss of these
composites increased gradually with increasing both
annealing temperature and particle size [18]. S. S. Shinde
and coworkers fabricated the hematite a -Fe,Osthin films
and examined its application to photoelectron chemical
solar cells [19]. M. V. N. Ambika Prasad et.al studied the
electrical and sensing properties of Polyaniline / Iron
Oxide nanocomposites and reported that prepared
nanocomposite has potential application in sensor devices
[20].
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