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We study some properties of a graph which is constructed from the equivalence classes of nonzero zero-divisors determined by
the annihilator ideals of a poset. In particular, we demonstrate how this graph helps in identifying the annihilator prime ideals of
a poset that satisfies the ascending chain condition for its proper annihilator ideals.

1. Introduction
The study of the interrelationship between algebra and graph
theory by associating a graph to an algebraic object was
initiated, in 1988, by Beck [1] who developed the notion of a
zero-divisor graph of a commutative ring with identity. Since
then, a number of authors have studied various forms of zerodivisor graphs associated to rings and other algebraic structures (see, e.g., [2–5]).
In 2009, Halaš and Jukl [6] introduced the notion of a
zero-divisor graph of a partially ordered set (in short, a poset).
The study of various types of zero-divisor graphs of posets was
then carried out by many others in [7–9]. However, the zerodivisor graph of a poset considered in this paper was actually
introduced by Lu and Wu [10], which is slightly different from
the one introduced in [6].
In this paper, inspired by the ideas of Mulay [11] and
Spiroff and Wickham [12], we study some properties of a
graph which is constructed from the equivalence classes of
nonzero zero-divisors determined by the annihilator ideals
of a poset. This graph is the same as the reduced graph of the
zero-divisor graph of a poset (see [10, page 798]). In particular, we demonstrate how this graph helps in identifying the
annihilator prime ideals of a poset that satisfies the ascending
chain condition for its proper annihilator ideals.

2. Prerequisites
In this section, we put together some well-known concepts,
most of which can be found in [13–16].

We begin by recalling some of the basic terminologies
from the theory of graphs. Needless to mention that all graphs
considered here are simple graphs, that is, without loops or
multiple edges. Let 𝐺 be a graph and 𝑥, 𝑦 ∈ 𝑉(𝐺) the vertex
set of 𝐺. Then, 𝑥 and 𝑦 are said to be adjacent if 𝑥 ≠ 𝑦 and
there is an edge 𝑥 − 𝑦 between 𝑥 and 𝑦. A walk between
𝑥 and 𝑦 is a sequence of adjacent vertices, often written as
𝑥−𝑥1 −𝑥2 −⋅ ⋅ ⋅−𝑥𝑛 −𝑦. A walk between 𝑥 and 𝑦 is called path
if the vertices in it are all distinct (except, possibly, 𝑥 and 𝑦).
A path between 𝑥 and 𝑦 is called a cycle if 𝑥 = 𝑦. The number
of edges in a path or a cycle is called its length. If 𝑥 ≠ 𝑦, then
the minimum of the lengths of all paths between 𝑥 and 𝑦 in 𝐺
is called the distance between 𝑥 and 𝑦 in 𝐺 and is denoted by
dist(𝑥, 𝑦). If there is no path between 𝑥 and 𝑦, then we define
dist(𝑥, 𝑦) = ∞. The maximum of all possible distances in 𝐺 is
called the diameter of 𝐺 and is denoted by diam(𝐺). The girth
of a graph 𝐺 is the minimum of the lengths of all cycles in 𝐺
and is denoted by girth(𝐺). If 𝐺 is acyclic, that is, if 𝐺 has no
cycles, then we write girth(𝐺) = ∞. A cycle graph is a graph
that consists of a single cycle (an 𝑛-gon).
A subset of the vertex set of a graph 𝐺 is called a clique of
𝐺 if it consists entirely of pairwise adjacent vertices. The least
upper bound of the sizes of all the cliques of 𝐺 is called the
clique number of 𝐺 and is denoted by 𝜔(𝐺).
The neighborhood of a vertex 𝑥 in a graph 𝐺, denoted by
nbd(𝑥), is defined to be the set of all vertices adjacent to 𝑥
while the degree of 𝑥 in 𝐺, denoted by deg(𝑥), is defined to
be the number of vertices adjacent to 𝑥, and so deg(𝑥) =
|nbd(𝑥)|. If deg(𝑥) = 1, then 𝑥 is said to be an end vertex
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in 𝐺. If deg(𝑥) = deg(𝑦) for all 𝑥, 𝑦 ∈ 𝑉(𝐺), then the graph 𝐺
is said to be a regular graph.
A graph 𝐺 is said to be connected if there is a path between
every pair of distinct vertices in 𝐺. A graph 𝐺 is said to be
complete if there is an edge between every pair of distinct
vertices in 𝐺. We denote the complete graph with 𝑛 vertices
by 𝐾𝑛 . An 𝑟-partite graph, 𝑟 ≥ 2, is a graph whose vertex
set can be partitioned into 𝑟 disjoint parts in such a way
that no two adjacent vertices lie in the same part. Among
the 𝑟-partite graphs, the complete 𝑟-partite graph is the one
in which two vertices are adjacent if and only if they lie in
different parts. The complete 𝑟-partite graph with parts of
size 𝑛1 , 𝑛2 , . . . , 𝑛𝑟 is denoted by 𝐾𝑛1 ,𝑛2 ,...,𝑛𝑟 . The 2-partite and
complete 2-partite graphs are popularly known as bipartite
and complete bipartite graphs, respectively. A bipartite graph
of the form 𝐾1,𝑛 is also known as a star graph.
Next we turn to partially ordered sets and their zerodivisor graphs. A nonempty set is said to be a partially ordered
set (in short, a poset) if it is equipped with a partial order, that
is, a reflexive, antisymmetric, and transitive binary relation. It
is customary to denote a partial order by “≤.”
Let 𝑄 be a nonempty subset of a poset 𝑃. If there exists
𝑦 ∈ 𝑄 such that 𝑦 ≤ 𝑥 for every 𝑥 ∈ 𝑄, then 𝑦 is called the
least element of 𝑄. The least element of 𝑃, if exists, is usually
denoted by 0. An element 𝑥 ∈ 𝑄 is called a minimal element
of 𝑄 if 𝑦 ∈ 𝑄 and 𝑦 ≤ 𝑥 imply that 𝑦 = 𝑥. We denote the set
of minimal elements of 𝑄 by Min(𝑄).
Let 𝑃 be a poset with least element 0. An element 𝑥 ∈ 𝑃
is called a zero-divisor of 𝑃 if there exists 𝑦 ∈ 𝑃× := 𝑃 \ {0}
such that the set 𝐿(𝑥, 𝑦) := {𝑧 ∈ 𝑃 | 𝑧 ≤ 𝑥 and 𝑧 ≤ 𝑦} =
{0}. We denote the set of zero-divisors of 𝑃 by 𝑍(𝑃) and write
𝑍(𝑃)× := 𝑍(𝑃) \ {0}. By an ideal of 𝑃 we mean a nonempty
subset 𝐼 of 𝑃 such that 𝑦 ∈ 𝐼 whenever 𝑦 ≤ 𝑥 for some 𝑥 ∈ 𝐼.
We say that the ideal 𝐼 is proper if 𝐼 ≠ 𝑃. For each 𝑥 ∈ 𝑃, it is
easy to see that the set (𝑥] := {𝑦 ∈ 𝑃 | 𝑦 ≤ 𝑥} is an ideal of
𝑃, called the principal ideal of 𝑃 generated by 𝑥. Given 𝑥 ∈ 𝑃,
the annihilator of 𝑥 in 𝑃 is defined to be the set ann(𝑥) :=
{𝑦 ∈ 𝑃 | 𝐿(𝑥, 𝑦) = {0}}, which is also an ideal of 𝑃. Note that
𝑥 ∉ ann(𝑥) for all 𝑥 ∈ 𝑃× . A proper ideal p of 𝑃 is called a
prime ideal of 𝑃 if, for every 𝑥, 𝑦 ∈ 𝑃, 𝐿(𝑥, 𝑦) ⊆ p implies that
either 𝑥 ∈ p or 𝑦 ∈ p. A prime ideal p of 𝑃 is said to be an
annihilator prime ideal (or, an associated prime) if there exists
𝑥 ∈ 𝑃 such that p = ann(𝑥). Two annihilator prime ideals
ann(𝑥) and ann(𝑦) are distinct if and only if 𝐿(𝑥, 𝑦) = {0}
(see [6, Lemma 2.3]). We write Ann(𝑃) to denote the set of
all annihilator prime ideals of 𝑃.
Let 𝑃 be a poset with least element 0 and with 𝑍(𝑃)× ≠ 0.
As in [10], the zero-divisor graph of 𝑃 is defined to be the graph
Γ(𝑃) in which the vertex set is 𝑍(𝑃)× , and two vertices 𝑥 and
𝑦 are adjacent if and only if 𝐿(𝑥, 𝑦) = {0}. Clearly, Γ(𝑃) is
a simple graph; in fact, nbd(𝑥) = ann(𝑥) \ {0} for all 𝑥 ∈
𝑉(Γ(𝑃)). It is well known that Γ(𝑃) is a connected graph with
diam(Γ(𝑃)) ∈ {1, 2, 3} and girth(Γ(𝑃)) ∈ {3, 4, ∞} (see, e.g.,
[9]). The clique number 𝜔(Γ(𝑃)) of Γ(𝑃) is usually denoted,
in short, by 𝜔(𝑃). Clearly, 𝜔(𝑃) ≥ 2. It may be noted here that
𝜔(𝑃) = clique(𝑃) − 1, where clique(𝑃) is the clique number
of the zero-divisor graph considered in [6] whose vertex set
is the whole of 𝑃.
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Finally, we would like to mention that all posets considered in this paper are with least element 0 and have nonzero
zero-divisors, unless explicitly written otherwise.

3. Reduced Graph of Γ(𝑃): Basic Properties
In this section, we study some of the basic properties of the
reduced graph of the zero-divisor graph of a poset.
Let 𝑃 be a poset with least element 0 and with 𝑍(𝑃)× ≠ 0.
Given 𝑥, 𝑦 ∈ 𝑃, set 𝑥 ∼ 𝑦 if ann(𝑥) = ann(𝑦). Clearly, ∼ is
an equivalence relation in 𝑃. Let [𝑥] denote the equivalence
class of 𝑥 ∈ 𝑃. Note that if 𝑥 ∈ 𝑍(𝑃)× , then [𝑥] ⊆ 𝑍(𝑃)× . Also,
note that [0] = {0} and [𝑥] = 𝑃 \ 𝑍(𝑃) for all 𝑥 ∈ 𝑃 \ 𝑍(𝑃). In
analogy with [11, 12], the graph of equivalence classes of zerodivisors of 𝑃 may be defined to be the graph Γ𝐸 (𝑃) in which the
vertex set is the set of all equivalence classes of the elements
of 𝑍(𝑃)× , and two vertices [𝑥] and [𝑦] are adjacent if and only
if 𝐿(𝑥, 𝑦) = {0}, that is, if and only if 𝑥 and 𝑦 are adjacent in
Γ(𝑃). Note that two adjacent vertices in Γ(𝑃) represent two
distinct equivalence classes and, hence, two distinct vertices
in Γ𝐸 (𝑃). Thus Γ𝐸 (𝑃) is also a simple graph. It may be recalled
(see [12]) that, in case of a commutative ring 𝑅 with unity,
two adjacent vertices in Γ(𝑅) do not necessarily represent two
distinct vertices in Γ𝐸 (𝑅). Since nbd(𝑥) = ann(𝑥) \ {0} for
all 𝑥 ∈ 𝑉(Γ(𝑃)), one obtains the same graph Γ𝐸 (𝑃) if the
equivalence relation ∼ is defined on 𝑉(Γ(𝑃)) = 𝑍(𝑃)× by
setting 𝑥 ∼ 𝑦, where 𝑥, 𝑦 ∈ 𝑉(Γ(𝑃)) = 𝑍(𝑃)× , if and only
if nbd(𝑥) = nbd(𝑦) in Γ(𝑃). Thus, the graph Γ𝐸 (𝑃) is the same
as the reduced graph of Γ(𝑃) considered by Lu and Wu in [10].
In particular, Γ𝐸 (𝑃) is also a zero-divisor graph of some poset,
and, hence, there are lots of structural similarities between
Γ(𝑃) and Γ𝐸 (𝑃). There are however some more features of
Γ𝐸 (𝑃) which are worth looking into.
The graph Γ𝐸 (𝑃) has some advantages over the zerodivisor graph Γ(𝑃). In many cases Γ𝐸 (𝑃) is finite when
Γ(𝑃) is infinite. For example, consider the poset 𝑃0 =
{0, {1}, {2}, {2, 3}, {2, 4}, . . .} under the set inclusion with least
element 0. Then Γ(𝑃0 ) is infinite, whereas Γ𝐸 (𝑃0 ) is finite and
has only two vertices. In fact, the zero-divisors {2}, {2, 3},
{2, 4}, . . ., have the same annihilator and so they represent a
single vertex in Γ𝐸 (𝑃0 ); the other vertex in Γ𝐸 (𝑃0 ) is represented by {1}. Another important aspect of Γ𝐸 (𝑃) is its connection to the annihilator prime ideals of the poset 𝑃, which
we discuss in detail in the next section. Let us now rewrite
a fact, just noted above, in a more explicit manner for the ease
of its extensive use (often without a mention) in this paper.
Fact 1. Given a poset 𝑃, two vertices in Γ(𝑃) are adjacent if
and only if they represent two adjacent vertices in Γ𝐸 (𝑃).
In view of Fact 1, it is easy to see that, given a poset 𝑃, we
have 𝜔(𝑃) = 𝜔(Γ𝐸 (𝑃)); that is, the clique numbers of Γ(𝑃) and
Γ𝐸 (𝑃) are the same.
By [10, Corollary 3.3 (2)], we know that Γ𝐸 (𝑃) is also a
zero-divisor graph of some poset. Therefore, in view of [9,
Theorem 3.3], Γ𝐸 (𝑃) is a connected graph with diam Γ𝐸 (𝑃) ≤
3. Our first result of this section not only generalizes Fact 1
but also shows some similarity between Γ(𝑃) and Γ𝐸 (𝑃) as far
as their diameter is concerned.
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Proposition 1. Let 𝑃 be a poset. If [𝑥] and [𝑦] are two distinct
vertices in Γ𝐸 (𝑃), then dist([𝑥], [𝑦]) = dist(𝑥, 𝑦). Moreover, the
following assertions hold:
(a) diam(Γ𝐸 (𝑃)) = 3 if and only if diam(Γ(𝑃)) = 3,
(b) diam(Γ𝐸 (𝑃)) = 2 if and only if diam(Γ(𝑃)) = 2 and
ann(𝑥) ≠ ann(𝑦) for some 𝑥, 𝑦 ∈ 𝑍(𝑃)× with 𝐿(𝑥, 𝑦) ≠
{0},
(c) diam(Γ𝐸 (𝑃)) = 1 if and only if ann(𝑥) = ann(𝑦) for all
𝑥, 𝑦 ∈ 𝑍(𝑃)× with 𝐿(𝑥, 𝑦) ≠ {0}.
Proof. Let [𝑥] and [𝑦] be two distinct vertices in Γ𝐸 (𝑃). If [𝑥]−
[𝑥1 ] − ⋅ ⋅ ⋅ − [𝑥𝑛 ] − [𝑦] is a path in Γ𝐸 (𝑃), then, by Fact 1, 𝑥 −
𝑥1 − ⋅ ⋅ ⋅ − 𝑥𝑛 − 𝑦 is a path in Γ(𝑃). Therefore, dist([𝑥], [𝑦]) ≥
dist(𝑥, 𝑦). On the other hand, if 𝑥−𝑥1 −⋅ ⋅ ⋅−𝑥𝑛 −𝑦 is a path in
Γ(𝑃), then, once again using Fact 1, [𝑥] − [𝑥1 ] − ⋅ ⋅ ⋅ − [𝑥𝑛 ] − [𝑦]
is a walk in Γ𝐸 (𝑃). It follows that dist([𝑥], [𝑦]) ≤ dist(𝑥, 𝑦),
and, hence, the equality holds.
For proving the given assertions, we first note that
there exist two distinct vertices [𝑥] and [𝑦] of Γ𝐸 (𝑃) such
that dist([𝑥], [𝑦]) = diam(Γ𝐸 (𝑃)). Therefore, it follows
from the first half of this proposition that we always have
diam(Γ𝐸 (𝑃)) ≤ diam(Γ(𝑃)). However, for the reverse inequality it is not enough to have two distinct vertices 𝑥, 𝑦 ∈
𝑉(Γ(𝑃)) such that dist(𝑥, 𝑦) = diam(Γ(𝑃)); we must also
have an additional requirement; namely, ann(𝑥) ≠ ann(𝑦). If
dist(𝑥, 𝑦) = 3, then this additional requirement is guaranteed
by the existence of a path of the form 𝑥 − 𝑎 − 𝑏 − 𝑦 in Γ(𝑃).
Hence, the assertion (a) follows. This in turn also proves the
assertion (b), because the extra condition included in (b)
fulfills the additional requirement mentioned above. The last
assertion, namely, (c), now follows from the assertions (a) and
(b).
From [9, 10], we know that girth(Γ𝐸 (𝑃)) ∈ {3, 4, ∞}. In
this context, we have the following result.
Proposition 2. Let 𝑃 be a poset. Then,
girth (Γ𝐸 (𝑃)) = 3


⇐⇒ girth (Γ (𝑃)) = 3 ⇐⇒ 𝑉 (Γ𝐸 (𝑃)) ≥ 3.

(1)

Consequently, girth(Γ𝐸 (𝑃)) = ∞ if and only if |𝑉(Γ𝐸 (𝑃))| = 2.
Proof. Assume that |𝑉(Γ𝐸 (𝑃))| ≥ 3. Then we also have
|𝑉(Γ(𝑃))| ≥ 3. Moreover, Γ(𝑃) is not a star graph; otherwise
we would have |𝑉(Γ𝐸 (𝑃))| = 2. By [9, Theorem 4.2], we have
girth(Γ(𝑃)) ∈ {3, 4, ∞}. If girth (Γ(𝑃)) = 4 or ∞, then it
follows from [9, Remark 4.12] that Γ(𝑃) is a complete bipartite
graph, which in turn implies that |𝑉(Γ𝐸 (𝑃))| = 2. Therefore,
we have girth (Γ(𝑃)) = 3. Hence, in view of Fact 1, we have
girth (Γ𝐸 (𝑃)) = 3. On the other hand, if girth(Γ𝐸 (𝑃)) = 3 then
we obviously have |𝑉(Γ𝐸 (𝑃))| ≥ 3.
The consequential statement is clear as, by the choice of
𝑃, we always have |𝑉(Γ𝐸 (𝑃))| ≥ 2.
As an immediate consequence, we have the following
corollary which may be compared with [12, Proposition 1.8].

Corollary 3. There is no poset 𝑃 for which Γ𝐸 (𝑃) is a cycle
graph with at least four vertices.
Our next result is a small observation, which has some
interesting consequences in contrast to some results of a
similar nature in [12].
Proposition 4. Let 𝑃 be a poset. Then no two distinct vertices
of Γ𝐸 (𝑃) have the same neighborhood. Equivalently, given
[𝑥], [𝑦] ∈ 𝑉(Γ𝐸 (𝑃)), one has nbd([𝑥]) = nbd([𝑦]) if and only
if ann(𝑥) = ann(𝑦).
Proof. Let [𝑥] and [𝑦] be two distinct vertices in Γ𝐸 (𝑃) such
that nbd([𝑥]) = nbd([𝑦]). Let 𝑧 ∈ ann(𝑥), 𝑧 ≠ 0. Then,
by Fact 1, we have [𝑧] ∈ nbd([𝑥]) = nbd([𝑦]), whence 𝑧 ∈
ann(𝑦). Thus, it follows that ann(𝑥) ⊆ ann(𝑦). Similarly, we
have ann(𝑦) ⊆ ann(𝑥), and so ann(𝑥) = ann(𝑦). This contradiction proves the proposition.
The above proposition says, in other words, that the
reduced zero-divisor graph of a poset cannot be further
reduced (symbolically, Γ𝐸 (𝑃) ≅ (Γ𝐸 )𝐸 (𝑃)).
Corollary 5. Let 𝑃 be a poset and 𝑟 ≥ 2. Then, Γ𝐸 (𝑃) is a
complete 𝑟-partite graph if and only if it is a complete graph
with 𝑟-vertices.
Proof. Let Γ𝐸 (𝑃) be a complete 𝑟-partite graph with 𝑉(Γ𝐸 (𝑃))
= 𝑉1 ⊔ 𝑉2 ⊔ ⋅ ⋅ ⋅ ⊔ 𝑉𝑟 . Let [𝑥], [𝑦] ∈ 𝑉𝑗 , where 1 ≤ 𝑗 ≤ 𝑟.
Then, nbd([𝑥]) = nbd([𝑦]) = 𝑉(Γ𝐸 (𝑃)) \ 𝑉𝑗 , and so, by
Proposition 4, [𝑥] = [𝑦]. Thus, |𝑉𝑗 | = 1 for all 𝑗 ∈ {1, 2, . . . , 𝑟},
which means that Γ𝐸 (𝑃) is a complete graph with 𝑟 vertices.
The converse is trivial.
Corollary 6. Let 𝑃 be a poset such that |𝑉(Γ𝐸 (𝑃))| ≥ 3. Then
Γ𝐸 (𝑃) is not a star graph.
Proof. It is enough to note that in a star graph with at least
three vertices all the end vertices have the same neighborhood. Alternatively, one may also note that star graphs are
complete bipartite graphs.
Corollary 7. There is only one graph with exactly three vertices
that can be realized as the graph Γ𝐸 (𝑃) for some poset 𝑃, and it
is the cycle/complete graph 𝐾3 .
Proof. Since, given a poset 𝑃, the graph Γ𝐸 (𝑃) is a connected
but not a star graph, we need only to note that the graph of
equivalence classes of zero-divisors of the poset {0, {1}, {2},
{3}} is precisely 𝐾3 .
One of the obvious consequences of Fact 1 is that if
for some poset 𝑃 the graph Γ(𝑃) is complete, then the
corresponding graph Γ𝐸 (𝑃) is also complete; in fact, Γ𝐸 (𝑃) ≅
Γ(𝑃). Also, it follows from the definition of Γ𝐸 (𝑃) that if Γ(𝑃)
is a complete 𝑟-partite graph, 𝑟 ≥ 2, then Γ𝐸 (𝑃) is a complete
graph with 𝑟 vertices. Thus, for every 𝑛 ≥ 2, the complete
graph 𝐾𝑛 can be realized as Γ𝐸 (𝑃) for some poset 𝑃; for example, we may consider the poset {0, {1}, {2}, . . . , {𝑛}}. This is not
the case for rings (see [12, Proposition 1.5]).
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4. Posets with an Ascending Chain Condition
In this section, imposing certain restrictions on a given poset,
we study some properties of its reduced zero-divisor graph in
terms of the annihilator prime ideals.
Let 𝑃 be a poset. We say that 𝑃 is a poset with ACC
for annihilators if the ascending chain condition holds for
its annihilator ideals, that is, if there is no infinite strictly
ascending chain in the set A := {ann(𝑥) | 𝑥 ∈ 𝑃× } under set
inclusion. Equivalently, 𝑃 is a poset with ACC for annihilators
if and only if every nonempty subset of A has a maximal
element. Thus, if 𝑃 is a poset with ACC for annihilators, then
A has a maximal element and every element of A is contained
in a maximal element of A. We denote the set of all maximal
elements of A by Max(A).
If 𝑃 is a poset such that 𝜔(𝑃) < ∞, then from [6, Lemma
2.4] it follows that 𝑃 is a poset with ACC for annihilators. In
particular, if 𝑃 is a poset such that deg(𝑥) < ∞ for all 𝑥 ∈
𝑉(Γ(𝑃)), then 𝑃 is a poset with ACC for annihilators; noting
that Γ(𝑃) has no infinite clique and so, by [6, Lemma 2.10], we
have 𝜔(𝑃) < ∞. On the other hand, consider the poset
𝑃 = {0} ∪ {{𝑛} | 𝑛 ∈ N} ∪ {{𝑚, 𝑚 + 1, . . .} | 𝑚 ∈ N, 𝑚 ≠ 1}
(2)
under set inclusion, where N denotes the set of all positive
integers. It is easy to see that there is an infinite strictly
ascending chain of annihilator ideals of 𝑃 given by
ann ({2, 3, . . .}) ⊊ ann ({3, 4, . . .}) ⊊ . . . ,

(3)

which means that 𝑃 is a poset without ACC for annihilators.
Remark 8. If 𝑃 is a poset with ACC for annihilators, then the
clique number of Γ(𝑃) need not be finite; that is, Γ(𝑃) may
contain an infinite clique; for example, consider the poset 𝑃 =
{0}∪{{𝑛} | 𝑛 ∈ N} under set inclusion. This is contrary to what
has been asserted in Proposition 2.6 of [10]. In fact, a careful
look at the proof of [10, Proposition 2.6] reveals that while
proving “(2) ⇒ (3)” the authors mistakenly assumed the
validity of the first statement of the said proposition.
Our first result concerning the set of all annihilator prime
ideals of a poset is given as follows.
Proposition 9. Let 𝑃 be a poset. Then,
Ann (𝑃) = Max (A) .

(4)

In particular, if 𝑃 is a poset with ACC for annihilators, then
Ann(𝑃) ≠ 0.
Proof. By [6, Lemma 2.2], we have Max(A) ⊆ Ann(𝑃).
Conversely, suppose that ann(𝑥) ∈ Ann(𝑃) \ Max(A). Then
there exists ann(𝑦) ∈ A such that ann(𝑥) ⊊ ann(𝑦). Choose
𝑧 ∈ ann(𝑦) \ ann(𝑥). Since 𝐿(𝑧, 𝑦) = {0} ⊆ ann(𝑥) and ann(𝑥)
is a prime ideal, it follows that 𝑦 ∈ ann(𝑥) ⊂ ann(𝑦) which
is absurd. Hence, we have Ann(𝑃) = Max(A). The particular
case follows from the fact that if 𝑃 is a poset with ACC for
annihilators, then Max(A) ≠ 0.

Given a poset 𝑃, consider the set B := {ann(𝑥) | 𝑥 ∈
𝑍(𝑃)× }. Clearly, 0 ≠ B ⊆ A; in fact, B = A \ {0}. Since
𝑍(𝑃)× ≠ 0, {0} is not a prime ideal of 𝑃, and so, it follows that
Ann(𝑃) ⊆ B. Note that there is a natural bijective map from
B to the vertex set of Γ𝐸 (𝑃) given by ann(𝑥) → [𝑥]. As such,
we may treat B as the vertex set of Γ𝐸 (𝑃). In view of this,
with a slight abuse of terminology, we sometimes refer to
[𝑥] ∈ 𝑉(Γ𝐸 (𝑃)) as an annihilator ideal (resp., an annihilator
prime ideal) if we have ann(𝑥) ∈ B (resp., ann(𝑥) ∈ Ann(𝑃)).
All the forthcoming results of this section are under this
identification.
The following lemma plays a crucial role in this section.
Lemma 10. Let 𝑃 be a poset. Then the following assertions
hold.
(a) Given ann(𝑥), ann(𝑦) ∈ B, one has ann(𝑥) ⊊ ann(𝑦)
if and only if nbd([𝑥]) ⊊ nbd([𝑦]) in Γ𝐸 (𝑃).
(b) Given ann(𝑥) ∈ B and ann(𝑧) ∈ Ann(𝑃), one has
ann(𝑥) ⊈ ann(𝑧) if and only if 𝐿(𝑥, 𝑧) = {0}; equivalently, one has nbd([𝑥]) ⊆ nbd([𝑧]) if and only if the
vertices [𝑥] and [𝑧] are not adjacent in Γ𝐸 (𝑃).
(c) Given ann(𝑥), ann(𝑦) ∈ B, if ann(𝑥) ∪ ann(𝑦) ⊆
ann(𝑧) for some ann(𝑧) ∈ Ann(𝑃), then the vertices [𝑥]
and [𝑦] are not adjacent in Γ𝐸 (𝑃); that is, 𝐿(𝑥, 𝑦) ≠ {0}.
The converse is also true if 𝑃 is a poset with ACC for
annihilators.
(d) If 𝑃 is a poset with ACC for annihilators, then for each
ann(𝑥) ∈ B there exists ann(𝑧) ∈ Ann(𝑃) such that
ann(𝑥) ⊈ ann(𝑧).
(e) If ann(𝑥) ∈ B \ Ann(𝑃), then there exist 𝑢, V ∉ ann(𝑥)
such that 𝐿(𝑢, V) = {0}.
Proof. (a) In view of Proposition 4 and the definition of Γ𝐸 (𝑃),
it is enough to note that, given 𝑢, 𝑥 ∈ 𝑍(𝑃)× , one has 𝑢 ∈
ann(𝑥) if and only if [𝑢] ∈ nbd([𝑥]) in Γ𝐸 (𝑃).
(b) If ann(𝑥) ⊈ ann(𝑧), then, choosing 𝑦 ∈ ann(𝑥) \
ann(𝑧), we have 𝐿(𝑥, 𝑦) = {0} ⊆ ann(𝑧), and so 𝑥 ∈ ann(𝑧),
since ann(𝑧) is a prime ideal. Conversely, if 𝐿(𝑥, 𝑧) = {0}, then
𝑧 ∈ ann(𝑥), and so ann(𝑥) ⊈ ann(𝑧), since 𝑧 ∉ ann(𝑧). The
equivalent assertion follows from part (a).
(c) If ann(𝑥) ∪ ann(𝑦) ⊆ ann(𝑧) for some ann(𝑧) ∈
Ann(𝑃), then, by part (b), we have 𝑥, 𝑦 ∉ ann(𝑧), which
implies that 𝐿(𝑥, 𝑦) ≠ {0}, since ann(𝑧) is a prime ideal. Conversely, if 𝐿(𝑥, 𝑦) ≠ {0}, then, choosing 𝑤 ∈ 𝐿(𝑥, 𝑦) \ {0}, we
have ann(𝑥) ∪ ann(𝑦) ⊆ ann(𝑤) ⊆ ann(𝑧) for some ann(𝑧) ∈
Ann(𝑃).
(d) Let 𝑦 ∈ ann(𝑥) \ {0}. Choose ann(𝑧) ∈ Ann(𝑃) such
that ann(𝑦) ⊆ ann(𝑧). Since 𝑥 ∈ ann(𝑦), we have 𝑥 ∈ ann(𝑧),
or, equivalently, 𝑧 ∈ ann(𝑥). Thus ann(𝑥) ⊈ ann(𝑧), since
𝑧 ∉ ann(𝑧).
(e) If ann(𝑥) ∈ B \ Ann(𝑃), then, by Proposition 9, there
exists ann(𝑢) ∈ A such that ann(𝑥) ⊊ ann(𝑢), and so we may
choose V ∈ ann(𝑢) \ ann(𝑥) to complete the proof.
Proposition 11. Let 𝑃 be a poset. Then, the following assertions
hold.
(a) Ann(𝑃) is a clique of Γ𝐸 (𝑃).
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(b) Given [𝑧] ∈ B, one has [𝑧] ∈ Ann(𝑃) if and only if no
two vertices in the set 𝑉(Γ𝐸 (𝑃))\nbd([𝑧]) are adjacent.
(c) If 𝑃 is a poset with ACC for annihilators, then every
vertex in Γ𝐸 (𝑃) is adjacent to an annihilator prime
ideal; consequently, |Ann(𝑃)| ≥ 2.
Proof. In view of Fact 1, the results follow from Lemma 10.
More precisely, the first part follows from part (b) using maximality of the annihilator prime ideals, the second part from
parts (b), (c), and (e), and the third part from parts (b) and
(d) of Lemma 10. The first part also follows directly from [6,
Lemma 2.3].
If 𝑃 is a poset with 𝜔(𝑃) < ∞, then, in view of [6, Lemmas
2.6], it follows from Proposition 9 that |Ann(𝑃)| < ∞. In this
context, we have a stronger result in the following form.
Proposition 12. Let 𝑃 be a poset with ACC for annihilators.
Then,
|Ann (𝑃)| = 𝜔 (𝑃) .

(5)

In particular, |Ann(𝑃)| ≥ 3 if and only if |𝑉(Γ𝐸 (𝑃))| ≥ 3.
Proof. By Proposition 11(a), we have |Ann(𝑃)| ≤ 𝜔(Γ𝐸 (𝑃)) =
𝜔(𝑃). Conversely, suppose that {𝑥1 , 𝑥2 , . . . , 𝑥𝑘 } is a clique of
Γ(𝑃). For each 𝑖 ∈ {1, 2, . . . , 𝑘}, choose ann(𝑧𝑖 ) ∈ Max(A) =
Ann(𝑃) such that ann(𝑥𝑖 ) ⊆ ann(𝑧𝑖 ). By Lemma 10(c), the
annihilator prime ideals ann(𝑧1 ), ann(𝑧2 ), . . . , ann(𝑧𝑘 ) are all
pairwise distinct. It follows that |Ann(𝑃)| is an upper bound
for the sizes of all the cliques of Γ(𝑃), and hence, |Ann(𝑃)| ≥
𝜔(𝑃). This proves the first part. The particular case follows
from Proposition 2.
It follows immediately from Proposition 11(a) and Proposition 12 that, given a poset 𝑃 with ACC for annihilators,
Ann(𝑃) is a clique of maximal size in Γ𝐸 (𝑃).
Remark 13. Let 𝑃 be a poset with ACC for annihilators.
Then, as a trivial consequence of Proposition 12, we have
|𝑉(Γ𝐸 (𝑃))| ≥ 3 if and only if no annihilator prime ideal in
Γ𝐸 (𝑃) is an end vertex, and so, by Proposition 11(c), every
vertex in Γ𝐸 (𝑃) that is adjacent to an end vertex is an
annihilator prime ideal (compare with [12, Proposition 3.2
and Corollary 3.3]).
Given a poset 𝑃, if the degree of some annihilator prime
ideal in Γ𝐸 (𝑃) is infinity, then obviously |𝑉(Γ𝐸 (𝑃))| = ∞.
We have, however, a stronger converse given by the following
result which may be compared and contrasted with [12,
Proposition 2.2].
Proposition 14. Let 𝑃 be a poset. If the vertex set of Γ𝐸 (𝑃) is
infinite, then the degree of each annihilator prime ideal in Γ𝐸 (𝑃)
is infinity.
Proof. Suppose that |𝑉(Γ𝐸 (𝑃))| = ∞. In view of Proposition
11(a), we may assume that |Ann(𝑃)| < ∞. In that case the
set B \ Ann(𝑃) is infinite; that is, there are infinitely many
vertices in Γ𝐸 (𝑃) which are not annihilator prime ideals. Let

ann(𝑧) ∈ Ann(𝑃) such that deg([𝑧]) < ∞. Then there exists
an infinite set 𝑆 ⊆ B \ Ann(𝑃) such that no member of 𝑆
is adjacent to [𝑧] in Γ𝐸 (𝑃). Therefore, by Lemma 10(b), we
have nbd([𝑥]) ⊆ nbd([𝑧]) for all [𝑥] ∈ 𝑆. Hence, using
Proposition 4, it follows that the neighborhood nbd([𝑧]) is an
infinite set. This contradiction completes the proof.
Given a poset 𝑃, if there is a vertex [𝑧] ∈ 𝑉(Γ𝐸 (𝑃)) such
that deg([𝑧]) > deg([𝑥]) for all [𝑥] ∈ 𝑉(Γ𝐸 (𝑃)) \ {[𝑧]}, then
it follows from Lemma 10(a) that [𝑧] is a maximal element
of A, that is, an annihilator prime ideal of 𝑃 (compare with
[12, Proposition 3.1]). In this context we have a more general
result given as follows (compare with [12, Proposition 3.6]).
Proposition 15. Let 𝑃 be a poset such that |𝑉(Γ𝐸 (𝑃))| < ∞.
Then every vertex of maximal degree in Γ𝐸 (𝑃) is a maximal
element of A, that is, an annihilator prime ideal of 𝑃.
Proof. If a vertex of maximal degree in Γ𝐸 (𝑃) is not a maximal
element of A, then, using Lemma 10(a) and the condition that
|𝑉(Γ𝐸 (𝑃))| < ∞, we have a contradiction to the maximality
of its degree. Hence the result follows.
Note that the converse of the above proposition is false;
that is, an annihilator prime ideal need not always be of maximal degree. For example, consider the poset {0, {1}, {2}, {3},
{4}, {5}, {6}, {1, 2}, {3, 4}, {3, 5}, {3, 6}} under set inclusion, in
which ann({3}) is a prime ideal but ann({1, 2}) is not; however,
in the corresponding reduced zero-divisor graph, the degree
of ann({3}) is 6 and that of ann({1, 2}) is 7.
As an immediate consequence of Proposition 15, we have
the following result.
Corollary 16. Let 𝑃 be a poset such that 𝑉|(Γ𝐸 (𝑃))| < ∞. Then
Γ𝐸 (𝑃) is a regular graph if and only if it is a complete graph.
Proof. In a regular graph, every vertex is of maximal degree.
Therefore, if Γ𝐸 (𝑃) is a regular graph, then, by Proposition 15,
𝑉(Γ𝐸 (𝑃)) coincides with Ann(𝑃). Thus, by Proposition 11(a),
Γ𝐸 (𝑃) is a complete graph. The converse is trivial.
In the same context, it may be worthwhile to mention the
following result.
Proposition 17. Let 𝑃 be a poset. If Γ(𝑃) is an 𝑟-regular graph,
then Γ𝐸 (𝑃) is a complete graph.
Proof. In view of Proposition 11(a), it is sufficient to show that
Ann(𝑃) = 𝑉(Γ𝐸 (𝑃)). On the contrary, suppose that there
exists a vertex ann(𝑥) ∈ 𝑉(Γ𝐸 (𝑃)) \ Ann(𝑃). Since the degree
of each vertex in Γ(𝑃) is finite, 𝑃 is a poset with ACC for
annihilators. Therefore, there exists ann(𝑧) ∈ Ann(𝑃) such
that ann(𝑥) ⊊ ann(𝑧), whence deg(𝑥) + 1 ≤ deg(𝑧). This
contradicts the fact that Γ(𝑃) is an 𝑟-regular graph, and the
proposition is proved.
Proposition 18. Let 𝑃 be a poset with ACC for annihilators.
If |Ann(𝑃)| < ∞, then |𝑉(Γ𝐸 (𝑃))| < ∞; in fact, |𝑉(Γ𝐸 (𝑃))| ≤
2|Ann(𝑃)| − 2.
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Proof. Consider the set S of all subsets of Ann(𝑃). Then
|S| = 2|Ann(𝑃)| < ∞. Given ann(𝑥) ∈ B = 𝑉(Γ𝐸 (𝑃)), let
𝑆𝑥 denote the largest subset of Ann(𝑃) such that ann(𝑥) ⊆
ann(𝑧) for all ann(𝑧) ∈ 𝑆𝑥 ; in other words, 𝑆𝑥 = {ann(𝑧) ∈
Ann(𝑃) | ann(𝑥) ⊆ ann(𝑧)}. Note that each member of B is
contained in some member of Ann(𝑃) but no member of B is
contained in every member of Ann(𝑃). Therefore, we have a
well-defined map 𝜓 : 𝑉(Γ𝐸 (𝑃)) → S given by ann(𝑥) → 𝑆𝑥
such that 0, Ann(𝑃) ∉ Im(𝜓). It is now enough to show that
𝜓 is a one-one map. So, let ann(𝑥), ann(𝑦) ∈ B such that 𝑆𝑥 =
𝑆𝑦 . Let 𝑤 ∈ ann(𝑥) \ {0}. Then, by Lemma 10(c) and the
definition of 𝑆𝑥 , we have ann(𝑤) ⊈ ann(𝑧) for each ann(𝑧) ∈
𝑆𝑥 . It follows that ann(𝑤)∪ann(𝑦) ⊈ ann(𝑧) for each ann(𝑧) ∈
𝑆𝑥 = 𝑆𝑦 . Also, by the maximality of 𝑆𝑦 , we have ann(𝑤) ∪
ann(𝑦) ⊈ ann(𝑧) for each ann(𝑧) ∈ Ann(𝑃) \ 𝑆𝑦 . Therefore,
using Lemma 10(c) once again, we have 𝑤 ∈ ann(𝑦). Thus,
ann(𝑥) ⊆ ann(𝑦). Similarly, we have ann(𝑦) ⊆ ann(𝑥), and
hence, [𝑥] = [𝑦]. This completes the proof.
It may noted here that the bound mentioned in the above
proposition is the best possible. For example, consider a finite
set 𝑋 = {1, 2, . . . , 𝑛} and define 𝑃 to be the set of all subsets of
𝑋 partially ordered under set inclusion with least element 𝜙. It
is then easy to see that the vertex set of Γ(𝑃) consists precisely
of nontrivial proper subsets of 𝑋, Ann(𝑃) = {{1}, {2}, . . . , {𝑛}},
and Γ𝐸 (𝑃) ≅ Γ(𝑃).
As an immediate consequence of Proposition 18, we have
the following result.
Corollary 19. Let 𝑃 be a poset. Then |𝑉(Γ𝐸 (𝑃))| < ∞ if and
only if 𝜔(𝑃) < ∞.
Proof. If 𝜔(𝑃) < ∞, then, by [6, Lemma 2.4], 𝑃 is a poset with
ACC for annihilators, and so it follows from Propositions 12
and 18 that 𝑉|(Γ𝐸 (𝑃))| < ∞. The converse is trivial, since
𝜔(𝑃) = 𝜔(Γ𝐸 (𝑃)).
Note that if 𝑃 is a poset such that (𝑥] ∩ Min(𝑃× ) ≠ 0 for
all 𝑥 ∈ 𝑍(𝑃)× , then 𝑃 is not necessarily a poset with ACC
for annihilators. For example, one may look at the same poset
that has been considered in the para preceding Proposition 9.
However, we have the following small result concerning such
posets.
Proposition 20. Let 𝑃 be a poset such that (𝑥] ∩ Min(𝑃× ) ≠ 0
for all 𝑥 ∈ 𝑍(𝑃)× . Then Ann(𝑃) = {ann(𝑧) | 𝑧 ∈ Min(𝑃× )}.
Proof. Let 𝑧 ∈ Min(𝑃× ). Suppose that ann(𝑧) ⊆ ann(𝑥),
where ann(𝑥) ∈ A. Clearly, 𝑥 ∉ ann(𝑧), which means that 𝑧 ≤
𝑥. But then ann(𝑥) ⊆ ann(𝑧), and so it follows that ann(𝑧) ∈
Max(A) = Ann(𝑃). Conversely, suppose that ann(𝑥) ∈
Ann(𝑃). Choose 𝑧 ∈ (𝑥] ∩ Min(𝑃× ). Then, ann(𝑥) ⊆ ann(𝑧),
and so it follows from the maximality of ann(𝑥) in A that
ann(𝑥) = ann(𝑧). This completes the proof.
We conclude our discussion with the following example.

Example 21. Consider a partially ordered set
𝑃 = {0} ∪ 𝐴 ∪ (⋃ 𝐵𝑘 ) ,

(6)

𝑘∈N

where 𝐴 is any set (finite or infinite), 𝐵𝑘 = {(1/𝑛1 , 1/𝑛2 ,
. . . , 1/𝑛𝑘 ) | 𝑛𝑖 ∈ N for 1 ≤ 𝑖 ≤ 𝑘}, and the partial order is
defined as follows:
𝑎, (
(

1
1 1
, , . . . , ) > 0,
𝑛1 𝑛2
𝑛𝑘

1 1
1
1 1
1 1
1
, ,..., ) > ( , ,..., ,
,...,
),
𝑛1 𝑛2
𝑛𝑘
𝑛1 𝑛2
𝑛𝑘 𝑛𝑘+1
𝑛𝑘+𝑡

(

1 1
1 1
1 1
1
1
, ,...,
, ) > ( , ,...,
,
)
𝑛1 𝑛2
𝑛𝑘−1 𝑛𝑘
𝑛1 𝑛2
𝑛𝑘−1 𝑛𝑘 + 1

(7)

for all 𝑎 ∈ 𝐴 and for all 𝑘, 𝑡, 𝑛𝑖 ∈ N with 1 ≤ 𝑖 ≤ 𝑘. It is not
difficult to see that Ann(𝑃) = {ann(𝑎) | 𝑎 ∈ 𝐴}, the set
{(1/𝑛, 1/𝑛) | 𝑛 ∈ N} is an infinite clique, and ann((1)) ⊊
ann((1/2)) ⊊ ann((1/3)) ⊊ ⋅ ⋅ ⋅ is an infinite strictly ascending
chain of annihilator ideals in 𝑃. Thus, a poset may have
finitely many annihilator prime ideals but fail to be a poset
with ACC for annihilators. In this example we also have 𝐴 =
Min(𝑃× ) but (𝑥] ∩ Min(𝑃× ) = 0 for all 𝑥 ∈ 𝑍(𝑃)× \ Min(𝑃× ),
showing that the converse of Proposition 20 is far from being
true.
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Department of Mathematics, North-Eastern Hill University, Shillong,
Meghalaya, India
The nilpotent graph of a group G is a simple graph whose vertex set is G\nilG,
where nilG = y ∈ G  x y is nilpotent ∀x ∈ G, and two distinct vertices x and
y are adjacent if x y is nilpotent. In this article, we show that the collection of
ﬁnite non-nilpotent groups whose nilpotent graphs have the same genus is ﬁnite, derive
explicit formulas for the genus of the nilpotent graphs of some well-known classes of
ﬁnite non-nilpotent groups, and determine all ﬁnite non-nilpotent groups whose nilpotent
graphs are planar or toroidal.
Key Words:

Finite group; Nilpotent graph.

2010 Mathematics Subject Classiﬁcation:

Primary: 20D60; Secondary: 05C25.

1. INTRODUCTION
Let G be a group and nilG = y ∈ G  x y is nilpotent for all x ∈ G. The
nilpotent graph of G, denoted by nil G, is a simple undirected graph in which
the vertex set is G\nilG, and two distinct vertices x and y are adjacent if and
only if x y is a nilpotent subgroup of G. This graph is precisely the complement
of the non-nilpotent graph of a group considered in [2], and may be regarded as
a generalization of the commuting graph c G considered in [6]. In this article,
we are basically concerned with the genus of the nilpotent graphs of ﬁnite nonnilpotent groups. We show that, given a non-negative integer g, there exist only a
ﬁnite number of ﬁnite non-nilpotent groups whose nilpotent graphs have genus g.
We also derive explicit formulas for the genus of the nilpotent graphs of some wellknown families of ﬁnite non-nilpotent groups. The primary objective of this article
is, of course, to determine (up to isomorphism) all ﬁnite non-nilpotent groups whose
nilpotent graphs are planar or toroidal, that is, they can be drawn on the surface of a
sphere or a torus (without any crossing of edges). We, however, begin by classifying
all ﬁnite non-nilpotent groups whose nilpotent graphs have no triangles.
It may be mentioned here that the motivation for this article comes from [5],
[6], [8], [12], [15], and [16], where similar problems for certain graphs associated to
Received May 18, 2014; Revised August 19, 2014. Communicated by D. Macpherson.
Address correspondence to Dr. Ashish Kumar Das, Department of Mathematics, North-Eastern
Hill University, Permanent Campus, Shillong 793022, Meghalaya, India; E-mail: akdasnehu@gmail.com
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ﬁnite rings and groups have been addressed. The ever-increasing popularity of the
topic is often attributed to a question, posed in 1975 by Paul Erdös and answered
afﬁrmatively by B. H. Neumann [9], asking whether or not a noncommuting graph
having no inﬁnite complete subgraph possesses a ﬁnite bound on the cardinality of
its complete subgraphs.
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2. PREREQUISITES
In this section, we recall certain group theoretic and graph theoretic
terminologies along with some well-known results which are used in the forthcoming
sections.
The upper central series of a group G is given by 1 = Z0 G ≤ Z1 G ≤
Z2 G ≤    , where Zn+1 G/Zn G is the center of G/Zn G for all n ≥ 0. The
subgroup Zn G is called the nth-center of G. Clearly, Z1 G = ZG, the center of
G. This series need not reach G, but if G is a ﬁnite group, the series terminates at a
subgroup called the hypercenter of G. We denote the hypercenter of G by Z∗ G.
A group G is said to be an AC-group if the centralizer CG x of every
noncentral element x in G is an abelian subgroup of G. The AC-groups have been
extensively studied by many authors (see, for example, [11], [10], [1]).
Given a ﬁnite group G and a prime divisor p of G, one writes Op G to
denote the smallest normal subgroup of G such that G/Op G is p-group. In fact,
Op G is the subgroup of G generated by all the Sylow q-subgroups of G, where
q = p is a prime divisor of G, and G = POp G for every Sylow p-subgroup P
of G.
A subset of the vertex set of a graph  is called a clique of  if it consists
entirely of pairwise adjacent vertices. The least upper bound of the sizes of all the
cliques of G is called the clique number of , and is denoted by . The chromatic
number of a graph , written , is the minimum number of colors needed to label
the vertices so that adjacent vertices receive different colors. Clearly,  ≤ .
Let U be a nonempty subset of the vertex set of a graph . The induced
subgraph of  on U is deﬁned to be the graph  U in which the vertex set is U and
the edge set consists precisely of those edges in  whose endpoints lie in U .
The genus of a graph , denoted by , is the smallest non-negative integer
g such that the graph can be embedded on the surface obtained by attaching g
˜ ≤ . Graphs having
handles to a sphere. Clearly, if ˜ is a subgraph of , then 
genus zero are called planar graphs, while those having genus one are called toroidal
graphs. If n ≥ 3, then it is well known (see [14, Theorem 6–38]) that the genus of
the complete graph Kn is given by

Kn  =


n − 3n − 4

12

On the other hand, if m n ≥ 2, then it is also well known (see [14, Theorem 6-37])
that the genus of the complete bipartite graph Kmn is given by

Kmn  =


m − 2n − 2

4
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A block of a graph  is a connected subgraph B of  that is maximal with
respect to the property that removal of a single vertex (and the incident edges) from
B does not make it disconnected, that is, the graph B\v is connected for all v ∈
VB. Given a graph , there is a unique ﬁnite collection  of blocks of , such that
 = ∪B∈ B. The collection  is called the block decomposition of . In [4, Corollary
1], it has been proved that the genus of a graph is the sum of the genera of its blocks.
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3. SOME BASIC RESULTS
In this section, we derive some results concerning the genus of the nilpotent
graphs of ﬁnite non-nilpotent groups, which are not only of interest in their own
right but also used extensively in the forthcoming sections.
We begin the section with the following result which enables us, in particular,
to use Z∗ G and nilG interchangeably whenever the group G is ﬁnite.
Lemma 3.1. Let G be a ﬁnite group. Then, the following assertions hold:
(a) x Z∗ G is nilpotent for all x ∈ G;
(b) Z∗ G = nilG.
Proof. Given x ∈ G, let H = x Z∗ G. Since Z∗ G ⊆ Z∗ H ⊆ H and H/Z∗ G
is cyclic, it follows that H/Z∗ H is also cyclic. Thus, H is nilpotent. This proves (a),
which, in particular, implies that Z∗ G ⊆ nilG. Thus, to prove (b), it is enough
to show that there is no nontrivial element in nilG/Z∗ G. Since G/Z∗ G is
centerless, we may assume that G is centerless, and prove that nilG = 1. On
the contrary, suppose that there exists a nontrivial element x in nilG. Since x ⊆
nilG, we may assume that x is a p-element for some prime divisor p of G. Since
x y is nilpotent for all y ∈ G, it follows that x commutes with all p -elements in G.
So, x ∈ CG Op G, since Op G is the subgroup of G generated by all p -elements
of G. Therefore, if P is Sylow p-subgroup of G such that x ∈ P, then P ∩ CG Op G
is a nontrivial normal subgroup of P, and hence, it intersects ZP nontrivially. But
ZP ∩ CG Op G ≤ ZG, since G = POp G. Thus, we have a contradiction to our
assumption that G is centerless. This completes the proof.

In the study of the genus of a graph, the 3-cycles in the graph play a
crucial role. Therefore, determining whether or not the graph is triangle-free can be
considered as the ﬁrst step in this direction. Also, whether or not a graph associated
to a group has a triangle is a topic of substantial interest (see, for example [7]).
Proposition 3.2. Let G be a ﬁnite non-nilpotent group. Then, nil G has no 3-cycle
if and only if G is isomorphic to the symmetric group S3 .
Proof. If G is isomorphic to S3 , then it is easy to see that nil G has no 3-cycle;
in fact, nil G is acyclic.
Conversely, suppose that nil G has no 3-cycle. Then, Z∗ G ≤ 2; otherwise,
for all x ∈ G\Z∗ G, by Proposition 3.1(a), the induced subgraph nil G xZ∗ G 
KZ∗ G would contain a 3-cycle. It follows that Z∗ G = ZG, and so, by 3.1(b), the
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commuting graph c G is a subgraph of nil G. Therefore, the graph c G has no
triangle. Since G is non-nilpotent, it follows from [6, Proposition 3.1] that G  S3 .
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It follows, in particular, from the above result that the girth of the nilpotent
graph of a ﬁnite non-nilpotent group is either 3 or . It also follows that, for
a ﬁnite non-nilpotent group G, we have nil G  nil S3  if and only if G  S3 .
The following lemma plays a crucial role not only in this section but also in the
forthcoming sections.
Lemma 3.3. Let G be a ﬁnite non-nilpotent group whose nilpotent graph is of genus
g, a non-negative integer. Then the following assertions hold:
(a) If ∅√= S ⊆ G\Z∗ G such that x y is nilpotent for all x y ∈ S, then S ≤
7+ 1+48g
;

2
√

(b) Z∗ G ≤

7+
1

t−1

1+48g
,
2

∗
∗
where t = maxoxZ∗ G
√  xZ G ∈ G/Z G;

(c) If A is a nilpotent subgroup of G, then A ≤ 

7+

1+48g

2

+ A ∩ Z∗ G.

Proof. Consider the induced subgraph nil G S  KS . If g = 0, then KS  =
nil G S  ≤ nil G = 0, and so, it follows that S ≤ 4. On the other
hand, if g > 0, then, by Heawood’s formula [13,
√ Theorem 6.3.25], we have
7+

1+48g

. This proves (a). The
S = nil G S  ≤ nil G ≤ nil G ≤ 
2
remaining two assertions now follow from (a); in fact, for (b), we take S =
t−1 i ∗
∗
∗
i=1 y Z G, where y ∈ G\Z G is such that oyZ G = t, and use Lemma 3.1,
∗
while for (c) we simply note that A = A\Z G ∪ A ∩ Z∗ G.


We close the section by showing that every collection of ﬁnite non-nilpotent
groups, whose nilpotent graphs have the same genus, is ﬁnite.
Proposition 3.4. The order of a ﬁnite non-nilpotent group is bounded by a function
of the genus of its nilpotent graph. Consequently, given a non-negative integer g, there
are at the most ﬁnitely many ﬁnite non-nilpotent groups whose nilpotent graphs have
genus g.
Proof. Let G be a√ﬁnite non-nilpotent group whose nilpotent graph has genus g.
7+ 1+48g
Let us put h = 
. Then, by Lemma 3.3(b), we have Z∗ G ≤ h. Let p be
2
a prime divisor of G, and P be a Sylow p-subgroup of G with P = pn , where n
is a positive integer. Then P is a nilpotent group. So, by Lemma 3.3(c), we have
P ≤ 2h. Since the number of primes less than 2h is at most h, we have G < 2hh .
This completes the proof.

4. GENUS OF THE NILPOTENT GRAPHS OF SOME WELL-KNOWN
-GROUPS
Given a group G with x ∈ G and S ⊆ G, the nilpotentizer of x in G is deﬁned
as nilG x = y ∈ G  x y is nilpotent, and the nilpotentizer of S in G is deﬁned
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as nilG S = y ∈ G  x y is nilpotent for all x ∈ S. As in [2], a group G is said to
be an -group if nilG x is a subgroup of G for every x ∈ G. Along this line, we
deﬁne an -group to be an -group G in which nilG x is a nilpotent subgroup of
G for every x ∈ G\nilG. As a matter of convention, every nilpotent group is an
-group. However, not every -group is an -group; for example, consider the
groups S3 × S3 , S3 × D10 , A4 × S3 and A4 × D10 .
In this section, we determine the genus of the nilpotent graphs of some wellknown ﬁnite -groups. Some of the results obtained here play crucial role in the
study of planarity and toroidality of the nilpotent graphs of ﬁnite groups. We,
however, begin with the following elementary lemma which is analogous to [1,
Lemma 3.6].
Lemma 4.1. Let G be a ﬁnite group. Then the following assertions are equivalent:
(a)
(b)
(c)
(d)

G is an -group;
If x y and y z are nilpotent, where x y z ∈ G, then x z is also nilpotent;
If A B ≤ G such that nilG  nilG A ⊆ nilG B  G, then nilG A = nilG B;
If x y is nilpotent, where x y ∈ G\nilG, then nilG x = nilG y.


Proof. The proof is straightforward.
Proposition 4.2. Let G be a ﬁnite non-nilpotent -group. Then
nil G =



KX 

X∈

where  = nilG u\nilG  u ∈ G\nilG.
Proof. Let X ∈ . Then, X = nilG u\nilG for some u ∈ G\nilG. If x y ∈ X
such that x = y, then, by Lemma 4.1, x y is nilpotent. Also, if x ∈ X and y ∈
G\nilG such that x y is nilpotent, then, by Lemma 4.1, y u is nilpotent,
and so, y ∈ X. Thus, the induced subgraph nil G X  KX is a block of nil G,
and, since G\nilG = ∪X∈ X, the collection nil G X  X ∈  is the block

decomposition of nil G. Hence, by [4, Corollary 1], the result follows.
Remark 4.3. If G is a ﬁnite non-nilpotent -group and A is a ﬁnite nilpotent
group, then nilA×G a x = A × nilG x for all a x ∈ A × G. Therefore, by

Proposition 4.2, nil A × G = X∈ KAX , where  = nilG u\nilG  u ∈
G\nilG.
Given t ≥ 1 and m ≥ 3 with m odd, we now compute the genus of the nilpotent
t
graphs of the dihedral group D2t+1 m = x y  y2 m = x2 = 1 xyx−1 = y−1  and the
t
t−1
generalized quaternion group Q2t+1 m = x y  y2 m = 1 x2 = y2 m  xyx−1 = y−1 .
Proposition 4.4. If t ≥ 1, m ≥ 3, and m is odd, then the nilpotent graphs of D2t+1 m
and Q2t+1 m are isomorphic with genus Km−12t  + m K2t , whereas the genus of the
nilpotent graph of D2m is Km−1 .
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Proof. It is not difﬁcult to see that if G denotes any one of the groups D2t+1 m
and Q2t+1 m , then G is a non-nilpotent -group with Z∗ G = yim  1 ≤ i ≤ 2t ,
nilG yj  = y for 1 ≤ j ≤ 2t m − 1 with m  j, and nilG xyk  = Z∗ G ∪ xyk Z∗ G
for 0 ≤ k ≤ 2t m − 1. Thus the distinct nilpotentizers of non-hypercentral elements
in each of the groups D2t+1 m and Q2t+1 m are y and yim  1 ≤ i ≤ 2t  ∪ xyk+im  1 ≤
i ≤ 2t , where 0 ≤ k ≤ m − 1. On the other hand, D2m is a non-nilpotent -group
with Z∗ D2m  = 1, and the distinct nilpotentizers of non-hypercentral elements are
y and 1 xyk , where 0 ≤ k ≤ m − 1. Hence, in view of Proposition 4.2, the result
follows.

Proposition 4.5. The genus of the nilpotent graph of a non-abelian group G of order
pq, where p and q are primes with p  q − 1, is Kq−1  + q Kp−1 .
Proof. Note that if x ∈ G then x = p or q. In either case, we have nilG x =
x. It is now not difﬁcult to see that the nilpotent graph of G has one component
isomorphic to Kq−1 and q components isomorphic to Kp−1 , and hence, the result
follows from Proposition 4.2.

The above result is, in fact, a special case of the following more general result
concerning ﬁnite Frobenius groups with nilpotent complements.
Proposition 4.6. Let G be a ﬁnite Frobenius group with complement H and kernel N .
If H is nilpotent, then nil G = Kn−1  + n Km−1 , where n = N  and m = H.
Proof. Since a Frobenius group is centerless, we have nilG = 1. Also, since G
is ﬁnite, we have that N is nilpotent. Note that H has exactly n distinct conjugates
in G and each of these conjugates is a Frobenius complement of G. Moreover,
the collection gHg −1 \1  g ∈ G ∪ N \1 forms a partition of G\1. It is now a
routine matter to see that nilG x = N for all x ∈ N \1, and that nilG y = gHg −1
for all y ∈ gHg −1 \1 and for all g ∈ G. Thus, since both N and H are nilpotent, we
see that G is an -group. Hence, the result follows from Proposition 4.2.

Proposition 4.7. The genus of the nilpotent graph of the projective special linear
group PSL2 2k  is 2k + 1 K2k −1  + 2k−1 2k + 1 K2k −2  + 2k−1 2k − 1 K2k ,
where k ≥ 1.
Proof. Since the nilpotent graph of PSL2 2  S3 is planar, we may assume
without any loss that k ≥ 2. It is well known that PSL2 2k  is a centerless group of
order 2k 22k − 1. Moreover, in view of [1, Proposition 3.21], the following assertions
hold for PSL2 2k :
(a) PSL2 2k  has an elementary abelian 2-subgroup P of order 2k such that the
number of conjugates of P in PSL2 2k  is 2k + 1;
(b) PSL2 2k  has a cyclic subgroup A of order 2k − 1 such that the number of
conjugates of A in PSL2 2k  is 2k−1 2k + 1;
(c) PSL2 2k  has a cyclic subgroup B of order 2k + 1 such that the number of
conjugates of B in PSL2 2k  is 2k−1 2k − 1;
(d) The centralizers of the nontrivial elements of PSL2 2k  constitute precisely the
family xPx−1  xAx−1  xBx−1  x ∈ G; in particular, PSL2 2k  is an AC-group.
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Thus, using [2, Lemma 3.6], we see that PSL2 2k  is an -group. Hence, the result
follows from Proposition 4.2.

In view Remark 4.3 and the results obtained in this section, one can easily
compute the genus of the nilpotent graph of the group A × G, where A is a ﬁnite
nilpotent group and G is any one of the groups considered in Propositions 4.4 to 4.7.
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5. FINITE NON-NILPOTENT GROUPS WITH PLANAR AND TOROIDAL
NILPOTENT GRAPHS
In this section, we characterize all ﬁnite non-nilpotent groups whose nilpotent
graphs have genus at most one.
Proposition 5.1. Let G be a ﬁnite non-nilpotent group. Then, the following assertions
hold:
(a) The nilpotent graph of G is planar if and only if G is isomorphic to S3 , D10 , D12 ,
Q12 , A4 , A5 , or Sz2;
(b) The nilpotent graph of G is toroidal if and only if G is isomorphic to SL2 3, D14 ,
7  3 , 2 × A4 , or 3 × S3 .
Proof. Suppose that the nilpotent graph of G has genus at most one. Since G is
a non-nilpotent group, there exists an element x ∈ G\Z∗ G such that x2 ∈ Z∗ G.
Consider the set A = xZ∗ G ∪ x2 Z∗ G, then, by Lemma 3.1, every pair of elements
in A generate a nilpotent subgroup of G. Therefore, by Lemma 3.3(a), we have A ≤
7. It follows that Z∗ G ≤ 3, and so, we have Z∗ G = ZG. Thus, the commuting
graph c G is a subgraph of the nilpotent graph nil G.
Let us now assume that nil G is planar. In this case, c G is also a planar
graph. Therefore, by [3, Theorem 2.2] or by [6, Theorem 5.7], the non-nilpotent
group G is isomorphic to S3 , D10 , A4 , Sz2, S4 , A5 , D12 , Q12 , or SL2 3. Now, S3 ,
D10 , A4 , Sz2, and A5 are centerless AC-groups such that, in each case, the size of
the centralizer of every noncentral element is at most 5, and so, by [2, Lemma 3.6]
and Proposition 4.2, the nilpotent graph of each of these groups is planar. Also, by
Proposition 4.4, the nilpotent graphs of D12 and Q12 are planar. On the other hand,
if we consider two subsets U and V of S4 such that U consists of all the products of
disjoint 2-cycles and V consists of all the 2-cycles and 4-cycles in S4 , then it is easy
to see that U  = 3, V  = 12 and that every pair of elements, one chosen from U
and the other chosen from V , generate a nilpotent subgroup of S4 . It follows that
the subgraph nil S4  U ∪ V contains a subgraph isomorphic to K312 . It follows that
the genus of nil S4  is at least 3. Finally, SL2 3 is the union of one subgroup
of order 8 and four cyclic subgroups of order 6 such that the intersection of any
two of these subgroups is the hypercenter of SL2 3, which is of order 2. Thus,
nil SL2 3 consists of four blocks of size 4 (each isomorphic to K4 ) and one block
of size 6 (isomorphic to K6 ). Therefore, by [4, Corollary 1], the graph nil SL2 3
is toroidal. This proves the ﬁrst assertion.
We now assume that nil G is toroidal. In this case, c G is either planar
or toroidal. Therefore, in view of the preceding paragraph, it follows from
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[3, Theorem 2.2, Theorem 2.3] or from [6, Theorem 5.7, Theorem 6.6] that the nonnilpotent group G is isomorphic to SL2 3, D14 , 7  3 , 2 × A4 , or 3 × S3 .
By Proposition 4.4 and Proposition 4.5, the nilpotent graphs of D14 and 7  3
are toroidal. By Remark 4.3, 2 × A4 and 3 × S3 are toroidal. Hence, the second
assertion follows.


Downloaded by [North Eastern Hill University] at 00:20 08 September 2015

ACKNOWLEDGMENTS
Both authors are extremely grateful to the referee for the invaluable help
and suggestions. The second author is also grateful to Professor Derek Holt of
University of Warwick for providing a direct proof of Lemma 3.1(b) through
math.stackexchange.
FUNDING
The second author wishes to express his sincere thanks to CSIR (India) for its
ﬁnancial assistance (File No. 09/347(0209)/2012-EMR-I).
REFERENCES
[1] Abdollahi, A., Akbari, S., Maimani, H. R. (2006). Non-commuting graph of a group.
Journal of Algebra 298:468–492.
[2] Abdollahi, A., Zarrin, M. (2010). Non-nilpotent graph of a group. Communications in
Algebra 38:4390–4403.
[3] Afkhami, M., Farrokhi, M., Khashyarmanesh, K. Planar (2014). Toroidal and
projective commuting and non-commuting graphs. Communications in Algebra.
Accepted for publication. arXiv: 1402.4978.
[4] Battle, J., Harary, F., Kodama, Y., Youngs, J. W. T. (1962). Additivity of the genus
of a graph. Bulletin of the American Mathematical Society 68:565–568.
[5] Das, A. K., Maimani, H. R., Pournaki, M. R., Yassemi, S. (2014). Nonplanarity
of unit graphs and classiﬁcation of the toroidal ones. Paciﬁc Journal of Mathematics
268(2):371–387.
[6] Das, A. K., Nongsiang, D. On the genus of the commuting graphs of ﬁnite non-abelian
groups, arXiv:1311.6342, 2013.
[7] Fang, M., Zhang, P. (2003). Finite groups with graphs containing no triangles. Journal
of Algebra 264:613–619.
[8] Maimani, H. R., Wickham, C., Yassemi, S. (2012). Rings whose total graphs have
genus at most one. Rocky Mountain Journal of Mathematics 42(5):1551–1560.
[9] Neumann, B. H. (1976). A problem of Paul Erdös on groups. Journal of the Australian
Mathematical Society (Series A) 21:467–472.
[10] Rocke, D. M. (1975). p-Groups with abelian centralizers. Proceedings of the London
Mathematical Society 30(3):55–75.
[11] Schmidt, R. (1970). Zentralisatorverbände endlicher gruppen. Rendiconti del Seminario
Matematico della Università di Padova 44:97–131.
[12] Wang, H. J. (2006). Zero-divisor graphs of genus one. Journal of Algebra 304(2):
666–678.
[13] West, D. B. (2009). Introduction to Graph Theory. 2nd ed. PHI Learning Private
Limited, New Delhi.

5290

DAS AND NONGSIANG

Downloaded by [North Eastern Hill University] at 00:20 08 September 2015

[14] White, A. T. (1973). Graphs, Groups and Surfaces. North-Holland Mathematics Studies,
Vol. 8. New York: American Elsevier Publishing Co., Inc.
[15] Wickham, C. (2008). Classiﬁcation of rings with genus one zero-divisor graphs.
Communications in Algebra 36(2):325–345.
[16] Wickham, C. (2009). Rings whose zero-divisor graphs have positive genus. Journal of
Algebra 321(2):377–383.

Scanned by CamScanner

International Journal of Biochemistry and Biomolecules
Vol. 1: Issue 2

www.journalspub.com

Brief Review on Nanoporphyrins
Cornelia Mary Lyngdoh
Department of Chemistry, Union Christian College, Barapani, Meghalaya, India
North Eastern Hill University, Shillong, Meghalaya, India

Abstract
Nanotechnology is one of the most promising well established emerging sciences of
nanomaterials having diameter of the order of 1–100 nm. The importance and application of
nanotechnology to medicine is hot topic to the present scientific era. Nanomaterials are of
great interest of researchers for a wide variety of applications particularly in medical
technologies due to properties determined by size and structure with their self-aggregation.
One of the most important applications of nanotechnology is nanomedicine. The important
application of nanomedicine is to diagnose the particular disease and to heal a damage cell
or to destroy the particular abnormally growing or performing cell in the body with safety
and high efficiency. As time passes, scientists have encountered the involvement of
porphyrins and metalloporphyrins in nanomedicine. Porphyrins are naturally occurring
molecules involved widely in biological processes whose functions ranges from oxygen
transfer to photosynthesis, from catalysis to pigmentation changes and storage to electron
transfer, etc. The basic structure of porphyrin macrocycle consists of four pyrrolic subunits
bridged by four mesocarbon atoms. It is an aromatic system consisting of 22-π electrons. It is
structured with a basic four-fold symmetry including four nitrogen atoms at the centre.
Heme, chlorophylls and vitamin B-12 are the porphyrin-based biological molecules.
Porphyrins, the building block of life carries oxygen to every cell of the body. Due to their
small size and large surface to volume ratios, they have extensive applications. Porphyrins
have been used in large number of studies particularly in photodynamic therapy (PDT).
Porphyrins and their derivatives are used as an efficient synthesiser because they possess the
ability to absorb visible lights, thereby excited to the triplet state and then transfer its energy
to the molecular oxygen, then it produces singlet state oxygen species that kills safely and
effectively the cancer cells. The singlet state oxygen has a short life time within the infected
cell and can migrate in tissues less than 20 nm after its formation, as a result, the induced
injury by singlet oxygen action is highly localised and does not have significant harmful
effect to the healthy cells. Therefore, over the past two decades, tremendous research projects
have been taken up to synthesise and improve the properties of nanoporphyrin monomer and
their derivatives. The aggregated porphyrin and metalloporphyrins are often well organised
into nanoscale structure and used PDT. The nanoscale structured porphyrin can be so small
that the infected body may clear them too rapidly from them to be effective in detection of
diseases or imaging the affected cells. In PDT, the three components viz. oxygen, light and
photosensitisers are combined to induce the destruction of the cancer cell. Nanotechnologybased treatment is needed for the early detection of cancer and to diagnose effectively. PDT
has become viable option for many cancer patients who are unable to have surgery or who
cannot tolerate additional chemotherapy and/or radiation due to their side effects.
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INTRODUCTION
The term nanotechnology is derived from
Greek word ‘nanos’ means ‘dwarf’. It
deals with the materials of size 1–100 nm.
It is defined as the design, characterization
and application of nanomaterials.[1] The
application of nanotechnologies to
medicine is known as nanomedicine.[2]
The
important
application
of
nanomedicine is to diagnose, monitor, heal
or destroy particular abnormally growing
or performing cells[3] in the body. At
present, nanomedicine is extensively used
for
cancer
treatment.
In future,
nanomedicine may serve the advanced
treatment for many diseases. Cancer is one
of the most leading causes of death
throughout the world affecting millions of
people every year. There are many types
of cancers affecting major organs like
lung, breast, brain, kidney, stomach, skin,
oesophagus, etc. depending upon age,
dietary,
geographical
location,
[4]
environment, culture, etc. The treatment
of cancer includes surgical, radiation and
chemotherapy but the chemotherapeutic
drugs have been severely hindered due to
the side effects. As the advances in
nanotechnology, nanoscale therapeutic
systems have emerged extensively for
cancer treatment.[5] The nanotherapeutic
systems have advantages for cancer
therapy including prolonged blood
circulation times and reduced toxicity to
non-cancerous cell.[6]
The traditional treatment of cancer is
surgery, radiotherapy, chemotherapy, etc.
The four newly developed methods for
cancer treatment are
(1)
(2)
(3)
(4)

Boron neutrons capture therapy
Monoclonal antibody therapy
Antigen or antisense therapy
Photodynamic therapy (PDT)

In this review, I will report the porphyrins
as photosensitisers in the PDT. Over the
past two decades, PDT is becoming well
established new technique for cancer
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treatment. The PDT is based on the
photochemical reactions between light of
specific
wavelength,
powerful
photosensitizers
and
oxygen.[4,7]
Porphyrins-based photosensitizers are
classified into three generations.[8] The
first
and
second
generation
photosensitizers are still very hydrophobic
and show low cancer cells selectivity, but
the high selectivity third generation
hydrophilic porphyrins act as good
efficient photosensitizers.[9] The new
photosensitizers are characterised by
conjugation to the carrier molecules and
target the photosensitising agent to the
cancer cells. It lowers the accumulation of
photosensitisers to the non-cancerous cells
or
healthy
cells.[10]
The
new
photosensitisers should be highly pure,
stable, high degree of selective, soluble in
water and no side effects.
PORPHYRINS AS
PHOTOSENSITIZERS IN
PHOTODYNAMIC THERAPY
PDT is a local clinical treatment of
cancers.[11] The use of PDT to treat cancer
has increased dramatically last few years
due to their specific properties. The entire
process is dependent on the presence of
molecular oxygen.[12] It involves three
components: photosensitizers, molecular
oxygen and light.[13–15] These three
components produced singlet state oxygen
to destroy the cancer cells in the body. In
PDT, photosensitisers play a vital role in
producing singlet state oxygen to kill
cancer cells by oxidative stress.[16–18] It is
useful for many reasons, one of which is
that, it is localised and released only to the
affected cells and does not leave a toxic of
highly reactive molecules in the body for
long time.[19]
Porphyrins, the naturally occurring
molecules and their derivatives, have been
used
extensively
as
powerful
photosensitisers due to their unique
photophysical
and
photochemical
[20,21]
properties.
It has long been of interest
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of researchers for PDT due to their low
toxicity, ability to accumulate into the
cancer cells and to generate ROS when
exposed to light of specific wavelength.
The porphyrins macrocycle consists of
four nitrogen atoms obtained from four
pyrrolic subunits with four methine
bridges as shown in Figure 1. It is aromatic
system consisting of 22π-electrons, but
only 18 of them are delocalised according
to Huckel’s rule of aromaticity. It involved
in a wide variety of biological processes
ranging from oxygen transport to
photosynthesis and also serves as storage
and transport of oxygen, electron transport
and oxygen activation.[22]
The UV–visible absorption spectrum of
porphyrin macrocycle is shown in Figure

2. Porphyrins due to high conjugation
possess high capacity to absorb light at
wavelength in the red region which is most
penetrating in the living tissues[23–25]
particularly in the cancer cells. Longer the
wavelength the more is the penetration
through the cancer cell. Porphyrins
combined with carbohydrates, proteins,
toxins, steroids, peptides, etc. to overcome
the
problem
of
prolonged
photosensitisation syndrome shown by the
healthy cells.[26,27] On irradiation with light
at specific wavelength, porphyrin leads to
photochemical conversion of molecular
oxygen into singlet state oxygen.[28] The
singlet state oxygen is highly reactive, it
oxidises biomolecules like proteins, lipids,
nucleic acids, etc., which can destruct and
kills the dangerous cancer cells.[29]

Fig. 1. Structure of TPP.

SYNTHESIS
OF
TPP
AND
PORPHYRIN NANOPARTICLES
It can be prepared according to AdlerLongo method.[30] Also, a good product
was obtained by taking freshly distilled
pyrrole (1.70 ml), 3.775 g of substituted
benzaldehyde and 300ml of reagent grade
propionic acid and refluxed for about
30 minutes. The reaction mixture was
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cooled to room temperature and kept
standing for 18 hours. The tarry material
was filtered and extracted the product in
chloroform and kept in the dark at room
temperature for about 36 days. Chloroform
was recovered followed by washing the
product with methanol and hot water till
the filtrate was colourless.

Page 3

Brief Review on Nanoporphyrins

The product was extracted with
chloroform, dried over anhydrous Na2SO4,
filtered and evaporated to dryness. The
product
thus
obtained
was
chromatographed using a mixture of

Lyngdoh

chloroform and benzene. The purity of the
product was checked by TLC and UVvisible spectrum (Figure 2). The porphyrin
nanoparticles can be prepared according to
literature.[31]

Fig.2. UV–Visible Absorption Spectrum of a Porphyrin.
MECHANISM OF ACTION OF
PHOTODYNAMIC THERAPY
The detailed mechanism of action of PDT
has been reported extensively in the
literature.[12,16,32–38] In fact, it results from
the interaction of photons of visible light
of
specific
wavelength
with
photosensitisers. Photosensitisers are in the
singlet state lower energy level.[38]
Porphyrins can be excited to the higher
excited states by the absorption of
appropriate light[16,38] as shown in Figure
3. Excited state (S1) can return to the
ground state (S0) by emitting a photon as
fluorescence. However, due to conjugated
π-electron system in porphyrins, the triplet
state (T1) has longer live time. This
conversion takes place through intersystem
crossing which involves a change in the
spin of an electron. There are two standard
mechanisms of action for PDF that is type
I and type II.[39,40] In type I reactions, the
excited triplet state photosensitisers
interact with a substrate by electron
transfer or proton transfer producing free
radical species. The free radical species
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interacts with oxygen producing highly
reactive oxygen species which can attack
the cancer cells.[37] However, in absence of
oxygen, the free radical species (including
photosensitisers free radicals) can also
attack the cancer cells. In type II reactions,
the triplet state photosensitisers transfer its
energy to the triplet ground state of
molecular oxygen (3O2) producing singlet
state oxygen (1O2)4 which is highly
cytotoxic.[32]
Further,
the
excited
photosensitiser which is not completely
destroyed may return to the ground state
by phosphorescence without any chemical
change and may be able to repeat the
process of energy transfer several times,[39]
consequently it helps to enhance the
destruction of cancer cells. The two (type I
and type II) reactions can occur
simultaneously and their ratios depend
upon
the
photosensitising
agent,
concentration of oxygen and substrate,
binding affinity of photosensitizing agent
to substrate.[37] However, many believed
that singlet state oxygen plays a major role
to destruct the affected cells.
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Fig 3. The Mechanism of Action of Photodynamic Therapy.
LOCALIZED SINGLET STATE
OXYGEN
Good photosensitizers must absorb light
effectively to produce required oxygen.
The required photosensitisers for PDT is
accumulated mostly to the target cells, and
the highly reactive oxygen species (ROS)
i.e. the singlet state oxygen is produced in
and around the target cells as shown in the
above mechanism (Figure 3). As
mentioned earlier the ROS is produced in a
specific area, thus, one can consider that
the singlet state oxygen is highly localised.
The localised ROS interacts with
biomolecules like proteins, lipids, nucleic
acids, etc. It has very short lifetime within
the cells and can migrate in the cells less
than 20 nm area.[40,41] The lifetime of
singlet state oxygen in water is roughly
four microseconds.[42] Due to localisation
of ROS, it reduces significantly the
affected cells surviving time and very little
or does not leave a toxic of highly reactive
species in the body for long time.
USE OF LOCALISED OXYGEN IN
CANCER THERAPY
PDT has become one of the most
important techniques today specially for
cancer patients who are not able to
undergo surgery or who are not able to
tolerate additional chemotherapy or
radiation[43] due to their side effects. It is
considered as local treatment as mentioned
earlier because of targeted application and
limited penetration of light in the cancer
cells. The entire process of cancer therapy
is based on the production of reactive
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oxygen species generated by energy
transfer from a specific dye in the cancer
cells.[4] However, all types of dye cannot
be used as photosensitisers for cancer
treatment. According to present scenario of
treatment of cancer, porphyrin is used as
specific dye which can produced ROS. [8]
Specific quantity of porphyrin is used to
generate the ROS is taken by the cancer
cells when compared with non-cancerous
cells. When porphyrin exposed to light of
specific wavelength, the localised ROS is
produced and the cancer cells are
destroyed.
PORPHYRIN DISTRIBUTION INTO
THE SPECIFIC CANCER CELLS
Photosensitisers used in PDT are injected
in the body and target to the different cells
according to its different physiochemical
properties.
It
should
accumulate
sufficiently high in the target cells and no
accumulation is desirable in the healthy
surrounding cells[4] for the positive
achievement.
mTetrahydroxyphenylchlorin is used for
head and neck cancer therapy and healed
up without any side effect. On the other
hand, the same photosensitisers are given
for brain, oesophagus and retina cancer
therapy, the side effect is dangerous.[44]
IMAGING WITH PORPHYRINS
The porphyrin fluorescence in the cancer
cells was observed in 1924.[45] In the
preclinical and clinical studies, it was
discovered
that
the
porphyrins
fluorescence can be used to identify the
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cancerous cells.[46,47] The most important
advantage of using porphyrins is that they
are excited in the range of 650–900 nm
wavelength of light, which penetrates
deeper into the cancer cells than visible
light. According to Figge et al.[48] and
Rassmussen-Taxdal et al.,[49] porphyrin
fluorescence was used for the detection of
head and neck cancers. However, the
major disadvantage is that the fluorescence
was observed only after injecting high
doses[49] and the advantage is that
porphyrins remained nontoxic if it is not
exposed
to
light
of
specific
[49,50]
wavelength,
because they do not
produce ROS.
CONCLUSION
PDT is one of the most successful widely
used techniques to diagnose and to treat
cancer. Large numbers of nanoporphyrinrelated research projects are being
conducted tirelessly in the world. Through
this brief review it has been highlighted
that the photosensitisers play a vital role to
cure/destruct
the
cancer
cells.
Nanoporphyrins
have
been
used
tremendously as effective photosensitizers
and to enhance the contrast of tumour
tissue/cancer cells in magnetic resonance
imaging (MRI). PDT is relatively
inexpensive, can be applied locally and
cumulative toxicity is not observed.
Therefore, it is necessary to synthesise
absolutely pure and stable nanoporphyrins
like 5, 10, 15, 20 mesotetrakis
pentafluorophenyl porphyrin (H2F20TPP),
5,
10,
15,
20
mesotetrakis
pentachlororophenyl
porphyrin
(H2Cl20TPP), 5, 10, 15, 20 mesotetrakisphenylporphyrin (TPP) and their
respective derivatives, etc. by using
standard method[33] for the diagnosis of
tumour tissue/cancer cells and effective
treatment.
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Biologically important pyrazoloquinolinone and triazoloquinazolinone derivatives were synthesized by
the condensation reaction of 3-amino-1H-1,2,4-triazole/3-amino-5-methyl-1H-pyrazole, dimedone and aryl
aldehydes using catalytic amount of magnetically retrievable nickel nanoparticles under reflux condition. This
protocol eliminates the usage of toxic reagents, complex work-up conditions, etc., with the added benefit of
reusability of the catalyst without compromising the yield or purity of the product.
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Introduction
Metal nanocatalysis has emerged as a novel strategy for the
syntheses of diverse organic molecules, and its application in
various organic transformations1 as a heterogeneous catalyst is
remarkable. The synthetic utility of nanocatalysts derived from
Ag, Au, Ni, Fe, Pd, Cu, Fe2O3, NiO, etc. has become an intriguing
topic of discussion within the research fraternity.
Synthetic studies on heterocycles have been evolving since time
immemorial and in this present decade of nanotechnology,
researchers are trying to harvest the potential possessed by nanoparticles to various extents. Amongst nanocatalysts, nickel nanoparticles have emerged as potent eco-friendly catalysts owing to
their unique recyclability properties which allow them to be
retrieved with ease by using a simple magnet after completion of
a reaction and then reused multiple times without compromising
the yield of the desired products. This has been exploited for the
chemo-selective oxidative coupling of thiols,2 the hydrothermal
Heck reaction,3 a-alkylation of methyl ketones,4 reduction of aldehydes and ketones,5a–c the transfer hydrogenation reaction,6 simple
olefin hydrogenation,7 Wittig-type olefination for the synthesis of
stilbenes from alcohol8 and as supports for hydrogen adsorption.9
Nanocatalysis of multicomponent reactions (MCRs) has also
become considerably important these days due to its strategic
advantages over conventional synthetic methods.10 MCR minimizes

the unnecessary wastage of chemicals, resources and time. Synthesis
of N-heterocycles by MCR methods has been the prime target of
synthetic chemists, since nitrogen containing moieties form an
integral part of many biologically active molecules and natural
products. Triazoloquinazolinone in particular, has established itself
as an important therapeutic agent11 and has found multiple applications as an anti-HIV,12 analgesic,13 antihypertensive,14 antihistaminic,15 antitumour16 and anticancer17 agent, etc. Many
research groups have reported its synthesis using diﬀerent conventional and non-conventional18 methods. They used either silica gel,19
molecular iodine,20 H6P2W18O6218H2O21 or hydrotalcites,22 etc.
Another class of nitrogen heterocycle, i.e. pyrazolo[3,4-b]quinolines, has emerged as an important pharmaceutical entity due to
their parasiticidal,23 bactericidal,24 antiviral25 and antimalarial26
properties. They have also found application as vasodilators27 and
has been extensively studied for their enzyme inhibiting activity.28
All the reported syntheses of triazoloquinazolinone and
pyrazoloquinolinone derivatives encountered certain drawbacks,
such as the use of expensive catalysts, long reaction time, toxic
reaction conditions, purification complications, low yield, etc.
According to our survey no literature has been reported on the
synthesis of triazoloquinazolinones and pyrazoloquinolinones
using nanoparticles. Moreover, the necessity to develop a catalyst
which can be reused after recycling by simple methods led us to the
development of a novel protocol involving the use of magnetically
retrievable nickel nanoparticles (Fig. 1).
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Results and discussion
Our present work deals with the synthesis of triazoloquinazolinones/pyrazoloquinolinones through a simple method in
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Fig. 1 Some biologically important triazoloquinazolinones and pyrazoloquinolinones.

Fig. 2

TEM image of Ni NPs: (a) before use (b) after 6 runs.

which the reactants, 3-amino-1H-1,2,4-triazole/3-amino-5-methyl1H-pyrazole (1 mmol), aldehyde (1 mmol) and dimedone (1 mmol)
were refluxed in acetonitrile. Instead of using a base or an acid
catalyst, we decided on using nickel nanoparticles as catalyst and
study the multi-component reaction (Scheme 1).
Catalyst preparation and characterization

Fig. 3

SEM image of Ni NPs: (A) before use (B) after 6 runs.

Similarly, when other organic solvents such as ethanol, methanol,
dichloromethane, etc. were employed, a negligible yield or no
yield was obtained. The nickel nanoparticles were characterized
by scanning electron microscopy (SEM), transmission electron
microscopy (TEM), energy-dispersive X-ray (EDAX) and powder
XRD (Fig. 3).
As we can see from the images, the size of the nanoparticles
varied from 2–12 nm before being implemented as a catalyst.
A histogram diagram of the synthesized nickel nanoparticles
is shown in Fig. 4. However, after the sixth cycle, the nanoparticles seem to have aggregated to give particles of size 50 nm
and above.
Further, in order to dispense any doubts regarding the
oxidation of the nickel nanoparticles by air to nickel oxides,
we performed EDAX and powder XRD analysis on the synthesized nanoparticles. The EDAX spectrum (Fig. 5) show no traces
of oxygen moieties and the nanoparticles appear to be comprised of nickel only.

The nickel nanoparticles were prepared as reported29 by
chemical reduction of nickel chloride hexahydrate with hydrazine hydrate at room temperature without using any protective
agent or inert gas protection.
Ni2+ + N2H4 + OH - Ni + N2 + 2H2O
The nickel nanoparticles were retrieved magnetically and
reused several times. The time taken for completion of reaction
was 10 minutes, and the product was recovered in pure form as
crystals on cooling. When the reaction was carried out under
solvent-free conditions, the desired product was not obtained.
Fig. 4 Histogram diagram of Ni NPs.

Scheme 1 Proposed scheme for the synthesis of various triazoloquinazolinone and pyrazoloquinolinone derivatives.

Fig. 5

EDAX of prepared nickel nanoparticle.
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Powder XRD pattern of Ni(0) nanoparticles.
Fig. 8 Proposed mechanism for the synthesis of 6a.

Moreover, the strong magnetic attraction exhibited by our
nanoparticles confirmed that it is not antiferromagnetic and so
dispelled any uncertainty of it being NiO.
The powder XRD pattern of the nickel nanoparticles (Fig. 6)
displayed characteristic dihedral angles at 44.871, 51.791 and
76.811, corresponding to nickel(0) nanoparticles.
The above characterized nanoparticles were then employed
for the synthesis of 5a–h and 6a–j. Due to the presence of three
non-equivalent nucleophilic centers i.e. N2, C4 and NH2, etc., in
the aminopyrazole building block unit, reactions of 3-aminopyrazoles with cyclic 1,3-diketones and aromatic aldehydes may
lead to different tricyclic products. Thus, such kind of reactions
can generate mixtures of pyrazoloquinolinones (Hantzsch-type
product) and pyrazoloquinazolinones (Biginelli-type product).
However, regioselective catalysis30 can be employed to enhance
the selectivity of a particular product. Normally, the, Hantzschtype is favoured over the Biginelli-type product due to the
higher electrophilic character of C4 as compared to N2. In
our case, we found that nickel nanoparticles were an ideal
catalyst for the regioselective synthesis of pyrazoloquinolinones
(Hantzsch-type product) from substituted aminopyrazole.
Proposed mechanisms for the synthesis of 5c and 6a are shown
in Fig. 7 and 8 respectively. Basically the mechanisms of
formation of triazoloquinazolinone and pyrazoloquinolinone

Fig. 7 Proposed mechanism for the synthesis of 5c.
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derivatives are similar but regioselectivity plays a role in the
formation of pyrazoloquinolinones and hence, cyclisation
occurs through carbon and not through nitrogen. All the
derivatives which were synthesized are shown in Table 1.
The formation of the desired product was confirmed from
the melting point data, infra-red, mass spectra and 1H-NMR &
13
C-NMR spectra. The IR spectrum of 5c showed absorption
peaks at 3436 cm 1 which corresponds to –NH stretching. The
carbonyl absorption peak appeared at 1649 cm 1 which was
much lower than expected but can be attributed to the delocalization of CQO. Another absorption peak at 618 cm 1 was
observed, which corresponds to C–Cl stretching.
The 1H-NMR spectrum of 5c displayed two singlets at
0.705 ppm and 0.788 ppm which are due to the six methyl
protons on the third ring. A singlet at 10.94 ppm was also
observed, which can be correlated to the bridging –NH proton.
In the 13C spectrum of 5c we observed a peak at 192.98 ppm
which can be correlated to the presence of carbonyl carbon.
Another important peak was observed at 57.34 ppm which
corresponds to the methine carbon of the desired product i.e.
5c. The mass spectrum of 5c exhibited a molecular ion peak at
m/z 328 (M+) which further corroborated the formation of 5c.
The XRD analysis of a single crystal of 5c gave final confirmation of the formation of the desired product.
The IR spectrum of 6a showed absorption peaks at
3237 cm 1 which corresponds to –NH stretching. The carbonyl
absorption peak appeared at 1590 cm 1, which was much lower
than expected, but can be attributed to the delocalization of
CQO. The 1H NMR spectrum of 6a displayed two singlets at
0.696 ppm and 0.757 ppm which are due to the six methyl
protons on the third ring. A singlet at 11.484 ppm was also
observed which can be correlated to the bridging –NH proton.
The 13C-NMR spectrum of 6a displayed a peak at 192.78 ppm
which clearly indicated the presence of a carbonyl carbon.
Another peak at 35.08 ppm validated the presence of the
methine carbon. The mass spectrum of 6a exhibited the molecular ion peak at m/z 307 (M+) which suggested the formation
of 6a. Finally, from the XRD analysis of a single crystal of 6a,
we were able to confirm affirmatively that the desired product
was synthesized.
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Synthesis of compounds 5a–h and 6a–j

Compound

Aldehyde

Product

Time/min

Yield (%)

Appearance

Mp (found)/1C

5a

10

90

Light yellow crystal

249–251

5b

10

93

Pale yellow crystal

301–302

5c

10

92

Pale yellow crystal

297–298

5d

10

90

Colourless crystal

303–305

5e

10

88

Colourless crystal

230–232

5f

10

85

Pale yellow solid

290–292

5g

10

91

Yellow crystal

282–285

5h

10

89

Pale yellow solid

303–304

6a

10

96

Colourless crystal

230–232
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(continued)

Compound

Aldehyde

Product

Time/min

Yield (%)

Appearance

Mp (found)/1C

6b

10

95

Yellowish solid

295–297

6c

10

98

Pale yellow crystal

300–302

6d

10

94

Pale yellowish crystal

310–312

6e

10

93

Yellow crystal

298–300

6f

10

95

Light pinkish solid

272–275

6g

10

97

Colourless crystal

305–307

6h

10

96

Colourless crystal

338–340

6i

10

96

Colourless crystal

315–317

6j

10

91

Yellow solid

262–265
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Optimization of catalyst loading with respect to yield of 6c.

Fig. 11 ORTEP image of 5c (CCDC 1024257).

Fig. 10 Reusability plot of nickel nanoparticles.

Catalyst optimization
A series of tests were performed to standardize the optimum
quantity of nickel nanoparticle required for the chemical condensation concerned (Scheme 1), and 10 mole percent was
found to be the ideal amount. Another set of tests were
performed to optimize the time of reaction, and 10 minutes
was concluded to be the ideal time. The optimization plot for
catalyst loading and reaction time is shown in Fig. 9.
In order to study the reusability of the catalyst, several reruns were performed for the synthesis of 6c using recycled
nickel nanoparticles and it was found that the yield of the
desired product (i.e. 6c) was not significantly aﬀected till the
sixth cycle (as shown in Fig. 10). A slight decrease can be
observed, however, which can be attributed to the aggregation
of the nanoparticles, as is evident from the TEM images (Fig. 2).
The process of recycling the nanoparticles was carried out in a
very simple and easy manner. It involves recovery of the
nanoparticles from the reaction mixture on completion of the
synthesis process using an ordinary magnet. They were then
thoroughly washed with acetone and Millipore water and
allowed to dry. After drying, they were reused again as a
catalyst.

Fig. 12

ORTEP image of 6a (CCDC 1024256).

PRO (Agilent, 2011), data reduction CrysAlis PRO and cell
refinement CrysAlis PRO. The structures were solved by direct
methods and refined by Olex2.refine. ORTEP images of 5c and
6a are shown in Fig. 11 and 12.

Conclusion
The utility of nickel nanoparticles in the catalysis of Hantzsch
and Biginelli type reactions have been successfully demonstrated
under short reaction time conditions. Through our approach we
have opened up a wider scope for nickel nanoparticles in
regioselective catalysis and the formation of C–N bonds.

X-Ray crystallography

Experimental

The single crystal X-ray diﬀraction (XRD) data were collected at
293 K with Mo Ka radiation (l = 0.71073 Å) using an Agilent
Xcalibur (Eos, Gemini) diﬀractometer equipped with a graphite
monochromator. The software used for data collection CrysAlis

All the chemicals involved in the synthesis were purchased
from Alfa Aesar, Sigma Aldrich & Merck and were used without
further purification. The purity of the products were confirmed
by infrared (IR), 1H-NMR, 13C-NMR and mass spectra besides
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X-ray diﬀraction (XRD) and melting point data. Melting points
were determined in open capillary tubes and are uncorrected.
IR spectra were recorded in KBr pellets on a Perkin Elmer
Spectrum 400 FTIR instrument, and the frequencies are
expressed in cm 1. 1H-NMR and 13C-NMR spectra were
recorded on a Bruker Avance II-400 spectrometer in DMSO-d6
(chemical shifts in d with TMS as internal standard). Mass
spectral data were obtained with a JEOL D-300 (ESI) mass
spectrometer. Single crystal XRD data were obtained with an
Xcalibur-Eos-Gemini instrument and powder XRD analysis was
conducted with an X’Pert Pro instrument. All reactions were
monitored by thin layer chromatography (TLC) using precoated
aluminum sheets (silica gel 60 F 254 0.2 mm thickness) and
developed in an iodine chamber.
The TEM images were captured using a transmission electron microscope of JEM-2100 make, 200 kV (JEOL) and SEM and
EDAX imaging were carried out with scanning electron microscope of JSM-6360 (JEOL) make.
General procedure for preparation of 5a–h, 6a–j
In a 50 ml round bottom flask, 3-amino-1H-1,2,4-triazole/
3-amino-5-methyl-1H-pyrazole (1 mmol), aldehyde (1 mmol),
dimedone (1 mmol) and nickel nanoparticle (10 mol%) were
refluxed in acetonitrile (10 ml) for 10 minutes. On cooling, solid
crystals separated out. The nickel nanoparticles were retrieved
magnetically and the reaction mixture was filtered. The residue
was dried and analysed.
Spectral data of selected compounds
6,6-Dimethyl-9-phenyl-5,6,7,9-tetrahydro-[1,2,4]triazolo[5,1-b]quinazolin-8(4H)-one (5a). IR (KBr): 3445, 2962, 1650, 1594, 1374,
1252, 721 cm 1. 1H NMR (DMSO-D6, 400 MHz): d 11.14 (s, 1H),
7.68 (s, 1H), 7.17–7.29 (m, 5H), 6.19 (s, 1H), 2.52–2.59 (m, 2H),
2.19 (d, J = 16 Hz, 1H), 2.05 (d, J = 16 Hz, 1H), 1.03 (s, 3H), 0.95
(s, 3H). 13C NMR (DMSO-D6, 100 MHz): d 26.77, 28.45, 32.16,
49.74, 57.89, 105.55, 126.92, 127.69, 128.23, 141.55, 146.82,
150.24, 150.39, 192.96. ESI-MS: m/z 295 [M + H]+.
3,7,7-Trimethyl-4-(4-nitrophenyl)-6,7,8,9-tetrahydro-2H-pyrazolo[3,4-b]quinolin-5(4H)-one (6c). IR (KBr): 3262, 3068, 2952, 1593,
1547, 1255, 740 cm 1. 1H NMR (DMSO-D6, 400 MHz): d 11.61
(s, 1H), 9.63 (s, 1H), 7.82 (d, J = 8 Hz, 2H), 7.14 (d, J = 8 Hz, 2H),
4.84 (s, 1H), 2.18–2.21 (m, 2H), 1.86 (d, J = 16 Hz, 1H), 1.68
(d, J = 16 Hz, 1H), 1.62 (s, 3H), 0.75 (s, 3H), 0.68 (s, 3H). 13C
NMR (DMSO-D6, 100 MHz): d 9.28, 26.89, 28.86, 31.90, 35.46,
40.92, 50.22, 102.51, 105.89, 123.19, 128.38, 135.39, 145.19,
146.05, 153.34, 155.89, 192.81. ESI-MS: m/z 353 [M + H]+.
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Abstract. The commuting graph of a non-abelian group is a simple graph in
which the vertices are the non-central elements of the group, and two distinct
vertices are adjacent if and only if they commute. In this paper, we determine
(up to isomorphism) all finite non-abelian groups whose commuting graphs are
acyclic, planar or toroidal. We also derive explicit formulas for the genus of
the commuting graphs of some well-known class of finite non-abelian groups,
and show that, every collection of isomorphism classes of finite non-abelian
groups whose commuting graphs have the same genus is finite.
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1. Introduction
Let G be a non-abelian group and Z(G) be its center. The commuting graph of G,
denoted by Γc (G), is a simple undirected graph in which the vertex set is G \ Z(G),
and two distinct vertices x and y are adjacent if and only if xy = yx. This graph
is precisely the complement of the non-commuting graph of a group considered
in [1] and [16]. The origin of this notion lies in a seminal paper by R. Brauer
and K. A. Fowler [7] who were concerned primarily with the classification of the
finite simple groups. However, the ever-increasing popularity of the topic is often
attributed to a question, posed in 1975 by Paul Erdös and answered affirmatively
by B. H. Neumann [18], asking whether or not a non-commuting graph having no
infinite complete subgraph possesses a finite bound on the cardinality of its complete
subgraphs. In recent years, the commuting graphs of groups have become a topic
of research for many mathematicians (see, for example, [4], [13]). In [14], it was
conjectured that the commuting graph of a finite group is either disconnected or has
diameter bounded above by a constant independent of the group G. This conjecture
was well-supported in [19] and [24]. However, in [11], it is shown that, for all positive
integers d, there exists a finite special 2-group G such that the commuting graph of
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G has diameter greater than d. But in [17], it is proved that for finite groups with
trivial center the conjecture made in [14] holds good. The concept of commuting
graphs of groups (taking, as the vertices, the non-trivial elements of the group in
place of non-central elements) has also been recently used in [20] to show that
finite quotients of the multiplicative group of a finite dimensional division algebra
are solvable. There is also a ring theoretic version of commuting graphs (see, for
example, [2], [3]).
Most of the works cited above on commuting graphs of groups deal with connectedness, diameter and some algebraic aspects of the graph. Also, some of the
results for the non-commuting graphs of groups have their obvious analogues for the
commuting counterparts, the commuting and non-commuting graphs being complements of each other. In the present paper, however, we deal with a topological
aspect, namely, the genus of the commuting graphs of finite non-abelian groups,
and on this count the commuting and the non-commuting graphs are independent
of each other. Here we show that every collection of isomorphism classes of finite
non-abelian groups whose commuting graphs have the same genus is finite. One
of the sections in this paper is devoted entirely to the computation of the genus
of the commuting graphs of some well-known families of finite non-abelian groups.
The primary objective of this paper is, of course, to determine (up to isomorphism)
all finite non-abelian groups whose commuting graphs are planar or toroidal, that
is, can be drawn on the surface of a sphere or of a torus (without any crossing of
edges). We, however, begin by classifying all non-abelian groups whose commuting
graphs have no triangles, which, in fact, turns out to be equivalent to saying that
the corresponding non-commuting graphs are planar. It may be mentioned here
that the motivation for this paper comes from [9], [15], [25], [28] and [29], where
similar problems for certain graphs associated to finite rings have been addressed.

2. Some prerequisites
In this section, we recall certain graph theoretic terminologies (see, for example,
[26] and [27]) and some well-known results which have been used extensively in
the forthcoming sections. Note that all graphs considered in this and the following
sections are simple graphs, that is, graphs without loops or multiple edges.
Let Γ be a graph with vertex set V (Γ) and edge set E(Γ). Let x, y ∈ V (Γ). Then
x and y are said to be adjacent if x 6= y and there is an edge x − y in E(Γ) joining
x and y. A path between x and y is a sequence of adjacent vertices, often written
as x − x1 − x2 − · · · − xn − y, where the vertices x, x1 , x2 , . . . , xn , y are all distinct
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(except, possibly, x and y). Γ is said to be connected if there is a path between
every pair of distinct vertices in Γ. A path between x and y is called a cycle if
x = y. The number of edges in a path or a cycle, is called its length. A cycle of
length n is called an n-cycle, and a 3-cycle is also called a triangle. The girth of Γ
is the minimum of the lengths of all cycles in Γ, and is denoted by girth(Γ). If Γ is
acyclic, that is, if Γ has no cycles, then we write girth(Γ) = ∞.
A graph G is said to be complete if there is an edge between every pair of distinct
vertices in G. We denote the complete graph with n vertices by Kn . A bipartite
graph is the one whose vertex set can be partitioned into two disjoint parts in
such a way that the two end vertices of every edge lie in different parts. Among
the bipartite graphs, the complete bipartite graph is the one in which two distinct
vertices are adjacent if and only if they lie in different parts. The complete bipartite
graph, with parts of size m and n, is denoted by Km,n .
A subset of the vertex set of a graph Γ is called a clique of Γ if it consists entirely
of pairwise adjacent vertices. The least upper bound of the sizes of all the cliques of
G is called the clique number of Γ, and is denoted by ω(Γ). The chromatic number
of a graph Γ, written χ(Γ), is the minimum number of colors needed to label the
vertices so that adjacent vertices receive different colors. Clearly, ω(Γ) ≤ χ(Γ).
Given a graph Γ, let U be a nonempty subset of V (Γ). Then the induced subgraph
of Γ on U is defined to be the graph Γ[U ] in which the vertex set is U and the edge
set consists precisely of those edges in Γ whose endpoints lie in U . If {Γα }α∈Λ is
a family of subgraphs of a graph Γ, then the union ∪ Γα denotes the subgraph
α∈Λ

of Γ whose vertex set is ∪ V (Γα ) and the edge set is ∪ E(Γα ). Further, given a
α∈Λ

α∈Λ

graph Γ, its complement is defined to be the graph in which the vertex set is the
same as the one in Γ and two distinct vertices are adjacent if and only if they are
not adjacent vertices in Γ.
The genus of a graph Γ, denoted by γ(Γ), is the smallest non-negative integer
n such that the graph can be embedded on the surface obtained by attaching n
handles to a sphere. Clearly, if Γ̃ is a subgraph of Γ, then γ(Γ̃) ≤ γ(Γ). Graphs
having genus zero are called planar graphs, while those having genus one are called
toroidal graphs.
A block of a graph Γ is a connected subgraph B of Γ that is maximal with
respect to the property that removal of a single vertex (and the incident edges)
from B does not make it disconnected, that is, the graph B \ {v} is connected for
all v ∈ V (B). Given a graph Γ, there is a unique finite collection B of blocks of
Γ, such that Γ = ∪ B. The collection B is called the block decomposition of Γ.
B∈B
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In [5, Corollary 1], it has been proved that the genus of a graph is the sum of the
genera of its blocks. Thus, it follows that the following.
Lemma 2.1. If a graph Γ has two disjoint subgraphs Γ1 and Γ2 such that Γ1 ∼
= Km
∼
and Γ2 = Kn for some positive integers m and n, then γ(Γ) ≥ γ(Kn ) + γ(Km ).
We conclude the section with the following two useful results.
Lemma 2.2. [27, Theorem 6-38] If n ≥ 3, then


(n − 3)(n − 4)
γ(Kn ) =
.
12
Lemma 2.3. [27, Theorem 6-37] If m, n ≥ 2, then


(m − 2)(n − 2)
γ(Km,n ) =
.
4
3. Some basic results
In this section we derive some results concerning the genus of the commuting
graphs of finite groups which are not only of interest in their own right but also
used extensively in the forthcoming sections. Our notations are quite standard; for
example, given a group G and an element x ∈ G, we write o(x), CG (x) and ClG (x)
to denote the order of x in G, the centralizer of x in G and the conjugacy class of
x in G, respectively.
In the study of the genus of a graph, the cycles in the graph play a crucial role.
Therefore, determining whether or not the graph is acyclic can be considered as
the first step in this direction. Even otherwise, whether or not a graph associated
to a group has a triangle is a topic of substantial interest (see, for example [10]).
Keeping this is mind, we begin the section with the following result which, in view
of [1, Proposition 2.3], also says that the commuting graph of a non-abelian group
is acyclic if and only if its complement (that is, the non-commuting graph of the
group) is planar.
Proposition 3.1. Let G be a non-abelian group. Then, Γc (G) has no 3-cycle if
and only if G is isomorphic to the symmetric group S3 , the quaternion group Q8 ,
or the dihedral group D8 .
Proof. If G is isomorphic to S3 , Q8 or D8 , then it is easy to see that Γc (G) has
no 3-cycle; in fact, Γc (G) is acyclic.
Conversely, suppose that Γc (G) has no 3-cycle. Then, |Z(G)| ≤ 2; otherwise,
for all x ∈ G \ Z(G), any three distinct elements of xZ(G) would form a 3-cycle in
Γc (G).
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Case 1. |Z(G)| = 1.
In this case, every element of G has order 2 or 3; otherwise {x, x2 , x3 } would
form a 3-cycle in Γc (G) for all x ∈ G with o(x) > 3. Therefore, G is a group of
exponent dividing 6. Let H be a finitely generated subgroup of G. Then, H is a
finite group (see [12, Sections 18.2, 18.4]), and so, we have |H| = 2m 3n for some
non-negative integers m and n. First assume that m ≥ 2 and let H2 be a Sylow
2-subgroup of H. Clearly, H2 is elementary abelian of order at least 4. Hence, any
three distinct elements of H2 \ {1} form a 3-cycle in Γc (G). Therefore, we must
have m ≤ 1. Next assume that n ≥ 2 and let H3 be a Sylow 3-subgroup of H.
Clearly, |H3 | ≥ 9. If H3 is abelian, then any three distinct elements of H3 \ {1}
form a 3-cycle in Γc (G). If H3 is non-abelian, then, choosing x ∈ H3 \ Z(H3 ) and
noting that |Z(H3 )| ≥ 3, we see that any three distinct elements of xZ(H3 ) form
a 3-cycle in Γc (G). Therefore, we must have n ≤ 1. Thus, every finitely generated
subgroup of G is of order at most 6. It follows that G itself is of order not exceeding
6. Since G non-abelian, we have G ∼
= S3 .
Case 2. |Z(G)| = 2.
In this case, G/Z(G) is an elementary abelian 2-group; otherwise, for all x ∈
G\Z(G) with x2 ∈
/ Z(G), any three distinct elements of xZ(G)tx2 Z(G) would form
a 3-cycle in Γc (G). It follows that every element of G is of order 2 or 4. Since G is
non-abelian, there is an element x ∈ G of order 4, and so, we have Z(G) = {1, x2 }.
It is easy to see that CG (x) = hxi; otherwise {x, x3 , w} would form a 3-cycle in
Γc (G) for all w ∈ CG (x) \ hxi. Thus, |CG (x)| = 4. Let z ∈ ClG (x) \ {x}. Then,
1 6= zx−1 ∈ G0 ⊆ Z(G). Therefore, we have zx−1 = x2 , and so, z = x3 . Thus,
ClG (x) = {x, x3 }, and so, |G : CG (x)| = |ClG (x)| = 2. It follows that |G| = 8.
Since G is non-abelian, we have G ∼

= Q8 or D8 . This completes the proof.
It follows, in particular, from the above result that the girth of the commuting
graph of a non-abelian group is 3 or ∞. Our next result is used not only in this
section but also in the forthcoming sections.
Lemma 3.2. Let G be a finite non-abelian group whose commuting graph has genus
g, where g is a non-negative integer. Then the following assertions hold:
(a) If ∅ 6= S ⊆ G \ Z(G) such that xy = yx for all x, y ∈ S, then |S| ≤
√

1+48g
c.
2
√
1
|Z(G)| ≤ t−1
b 7+ 1+48g
c,
2

b 7+

(b)

where t = max{o(xZ(G)) | xZ(G) ∈ G/Z(G)}.
√

(c) If A is an abelian subgroup of G, then |A| ≤ b 7+

1+48g
c
2

+ |A ∩ Z(G)|.
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Proof. Consider the induced subgraph Γc (G)[S] ∼
= K|S| . If g = 0, then γ(K|S| ) =
γ(Γc (G)[S]) ≤ γ(Γc (G)) = 0, and so, it follows that |S| ≤ 4. On the other
hand, if g > 0, then, by Heawood’s formula [26, Theorem 6.3.25], we have |S| =
√

ω(Γc (G)[S]) ≤ ω(Γc (G)) ≤ χ(Γc (G)) ≤ b 7+

1+48g
c.
2

This proves (a). The ret−1
F i
y Z(G),
maining two assertions follow from (a); in fact, for (b) we take S =
i=1

where y ∈ G \ Z(G) such that o(yZ(G)) = t, and for (c) we simply note that
A = (A \ Z(G)) ∪ (A ∩ Z(G)).



Our main result of this section says that every collection of isomorphism classes
of finite non-abelian groups whose commuting graphs have the same genus is finite.
Theorem 3.3. The order of a finite non-abelian group is bounded by a function
of the genus of its commuting graph. Consequently, given a non-negative integer g,
there are at the most finitely many (up to isomorphism) finite non-abelian groups
whose commuting graphs have genus g.
Proof. Let G be a finite non-abelian group whose commuting graph has genus g.
√

Let us put h = b 7+

1+48g
c.
2

Then, by Lemma 3.2(a), we have |Z(G)| ≤ h. Let p

be a prime divisor of |G|, and P be a Sylow p-subgroup of G with |P | = pn , where
n is a positive integer. If P ⊂ Z(G), then |P | ≤ h. So, let P * Z(G). If P is
abelian, then, by Lemma 3.2(a), we have |P \ Z(G)| ≤ h, and hence, |P | ≤ 2h.
So, we assume that P is non-abelian. Then, |Z(P )| = pc for some positive integer
c < n, and, by [8, Section I, Para 4], P has an abelian
subgroup A of order pv ,
q
where v is a positive integer such that v ≥ − 12 + 2n + c2 − c + 41 ; in particular,
n < (2v + 1)2 . By Lemma 3.2(c), we have pv = |A| ≤ 2h; in particular, v < 2h
2

and p < 2h. Hence, it follows that |P | = pn < (2h)(4h+1) . Since the number of
2

primes less than 2h is at most h, we have |G| < (2h)h(4h+1) . This completes the
proof.



Recall that a group is said to be an AC-group if the centralizer of each of its
non-central elements is abelian. The AC-groups have been extensively studied by
many authors (see, for example, [1], [21], [23]). Our final result of this section deals
with finite non-abelian AC-groups.
Proposition 3.4. Let G be a finite non-abelian AC-group. Then
γ(Γc (G)) =

P
X∈P

where P = {CG (u) \ Z(G) | u ∈ G \ Z(G)}.

γ(K|X| ),
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Proof. Let X ∈ P. Then, X = CG (u)\Z(G) for some u ∈ G. Clearly, for x, y ∈ X,
we have xy = yx, since CG (u) is abelian. On the other hand, for x ∈ X and
y ∈ G\Z(G) with xy = yx, we have y ∈ X, since y, u ∈ CG (x) and CG (x) is abelian.
It follows that the induced subgraph Γc (G)[X] ∼
= K|X| is a block of Γc (G), and, since
G \ Z(G) = ∪ X, the collection {Γc (G)[X] | X ∈ P} is the block decomposition
X∈P
P
of Γc (G). Therefore, by [5, Corollary 1], we have γ(Γc (G)) =
γ(K|X| ).

X∈P

Remark 3.5. If G is a finite non-abelian AC-group and A is a finite abelian group,
then A × G is also a finite non-abelian AC-group with CA×G (a, u) \ Z(A × G) =
A × (CG (u) \ Z(G)) for all (a, u) ∈ (A × G) \ Z(A × G). Therefore, it follows from
Proposition 3.4 that
γ(Γc (A × G)) =

P

γ(K|A||X| ),

X∈P

where P = {CG (u) \ Z(G) | u ∈ G \ Z(G)}.
We close this section with a couple of immediate corollaries to Proposition 3.4.
Corollary 3.6. The genus of the commuting graph of a non-abelian group G of
order pq, where p and q are primes with p | q − 1, is given by
γ(Γc (G)) = γ(Kq−1 ) + qγ(Kp−1 ).
Proof. Note that G is an AC-group with |Z(G)| = 1, in which the centralizers of
the non-central elements are precisely the Sylow subgroups of G, and so, the result
follows from Proposition 3.4.



Corollary 3.7. The genus of the commuting graph of a non-abelian group G of
order p3 , where p is a prime, is given by
γ(Γc (G)) = (p + 1)γ(Kp(p−1) ).
Proof. Note that G is an AC-group with |Z(G)| = p, in which the centralizers
of the non-central elements are of order p2 . Since any two distinct centralizers of
the non-central elements of G intersect at Z(G), it follows that the number of such
centralizers is p + 1. Hence, the result follows from Proposition 3.4.



4. Genus of the commuting graphs of some well-known AC-groups
In this section, we determine the genus of the commuting graphs of some wellknown finite non-abelian AC-groups. Some of the results obtained here play crucial
role in the study of planarity and toroidality of the commuting graphs of finite nonabelian groups.
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Proposition 4.1. The genus of the commuting graph of the dihedral group D2n =
hx, y | y n = x2 = 1, xyx−1 = y −1 i, where n ≥ 3, is given by

γ(Kn−2 ) if n is even,
γ(Γc (D2n )) =
γ(K
if n is odd.
n−1 )
Proof. Note that D2n is a non-abelian AC-group. If n is even, then Z(D2n ) =
n

n
2 ),

{1, y 2 }, CD2n (y i ) = hyi for 1 ≤ i ≤ n − 1 (i 6=

n

and CD2n (xy j ) = {1, xy j , y 2 ,

n

xy j+ 2 } for 0 ≤ j ≤ n − 1. If n is odd, then Z(D2n ) = {1}, CD2n (y i ) = hyi
for 1 ≤ i ≤ n − 1, and CD2n (xy j ) = {1, xy j } for 0 ≤ j ≤ n − 1. Thus, if n
is even, the distinct centralizers of the non-central elements in D2n are hyi and
n

n

{1, xy j , y 2 , xy j+ 2 }, where 0 ≤ j ≤
γ(Γc (D2n )) = γ(Kn−2 ) +

n
2 γ(K2 )

n
2

− 1, and so, by Proposition 3.4, we have

= γ(Kn−2 ). On the other hand, if n is odd, the

distinct centralizers in D2n are hyi and {1, xy j }, where 0 ≤ j ≤ n − 1, and so, by
Proposition 3.4, we have γ(Γc (D2n )) = γ(Kn−1 ) + nγ(K1 ) = γ(Kn−1 ).



Proposition 4.2. The genus of the commuting graph of the dicyclic group or the
generalized quaternion group Q4n = hx, y | y 2n = 1, x2 = y n , xyx−1 = y −1 i, where
n ≥ 2, is given by
γ(Γc (Q4n )) = γ(K2(n−1) ).
Proof. It is well-known that Q4n is a non-abelian AC-group with Z(Q4n ) =
{1, y n }, CQ4n (y i ) = hyi for 1 ≤ i ≤ 2n − 1 (i 6= n), and CQ4n (xy j ) = {1, xy j , y n ,
xy j+n } for 0 ≤ j ≤ 2n − 1. Therefore, the distinct centralizers of the non-central
elements in Q4n are hyi and {1, xy j , y n , xy j+n }, where 0 ≤ j ≤ n − 1, and so, by
Proposition 3.4, we have γ(Γc (Q4n )) = γ(K2(n−1) ) + nγ(K2 ) = γ(K2(n−1) ).



Proposition 4.3. The genus of the commuting graph of the semidihedral group
n−1

SD2n = hr, s | r2

= s2 = 1, srs = r2

n−2

−1

i, where n ≥ 4, is given by

γ(Γc (SD2n )) = γ(K2n−1 −2 ).
n−2

Proof. Note that SD2n is a non-abelian AC-group with Z(SD2n ) = {1, r2
i

CSD2n (r ) = hri, for 1 ≤ i ≤ 2
sr

j+2n−2

n−1

} for 0 ≤ j ≤ 2

n−1

n−2

− 1 (i 6= 2

j

j

), and CSD2n (sr ) = {1, sr , r

},

2n−2

,

− 1. Therefore, the distinct centralizers of the nonn−2

central elements in SD2n are hri and {1, srj , r2

n−2

, srj+2

}, where 0 ≤ j ≤ 2n−2 −

1, and so, by Proposition 3.4, we have γ(Γc (SD2n )) = γ(K2n−1 −2 ) + 2n−2 γ(K2 ) =
γ(K2n−1 −2 ).
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Proposition 4.4. The genus of the commuting graph of the projective special linear
group P SL(2, 2k ), where k ≥ 2, is given by
γ(Γc (P SL(2, 2k ))) = (2k +1)γ(K2k −1 )+2k−1 (2k +1)γ(K2k −2 )+2k−1 (2k −1)γ(K2k ).
Proof. It is well-known that P SL(2, 2k ) is a non-abelian group of order 2k (22k −1)
with Z(P SL(2, 2k )) = {1}. Moreover, in view of [1, Proposition 3.21], the following
assertions hold for P SL(2, 2k ):
(a) P SL(2, 2k ) has an elementary abelian 2-subgroup P of order 2k such that
the number of conjugates of P in P SL(2, 2k ) is 2k + 1.
(b) P SL(2, 2k ) has a cyclic subgroup A of order 2k − 1 such that the number
of conjugates of A in P SL(2, 2k ) is 2k−1 (2k + 1).
(c) P SL(2, 2k ) has a cyclic subgroup B of order 2k + 1 such that the number
of conjugates of B in P SL(2, 2k ) is 2k−1 (2k − 1).
(d) The centralizers of the non-trivial elements of P SL(2, 2k ) constitute precisely the family {xP x−1 , xAx−1 , xBx−1 | x ∈ G}; in particular, P SL(2, 2k )
is an AC-group.
Hence, the result follows from Proposition 3.4.



Proposition 4.5. The genus of the commuting graph of the general linear group
GL(2, q), where q = pn > 2 (p is a prime), is given by
γ(Γc (GL(2, q))) =

q(q + 1)
q(q − 1)
γ(K(q−1)(q−2) )+
γ(Kq(q−1) )+(q+1)γ(K(q−1)2 ).
2
2

Proof. Note that GL(2, q) is a non-abelian AC-group (see [1, Lemma 3.5]) with
|GL(2, q)| = (q 2 − 1)(q 2 − q) and |Z(GL(2, q))| = q − 1. Also, in view of [1, Proposition 3.26], the centralizers of the non-central elements of GL(2, q) are precisely the
members of the family {xDx−1 , xIx−1 , xP Z(GL(2, q))x−1 | x ∈ G}, where
(a) D is the subgroup of GL(2, q) consisting of all diagonal matrices, |D| =
(q − 1)2 , and the number of conjugates of D in GL(2, q) is

q(q+1)
,
2

(b) I is a cyclic subgroup of GL(2, q), |I| = q 2 −1, and the number of conjugates
of I in GL(2, q) is

q(q−1)
,
2

(c) P is the Sylow p-subgroup of GL(2, q) consisting of all upper triangular
matrices with 1 in the diagonal, |P Z(GL(2, q))| = q(q − 1), and the number
of conjugates of P Z(GL(2, q)) in GL(2, q) is q + 1.
Hence, the result follows from Proposition 3.4.



In view of Remark 3.5 and the results obtained in this section, one can easily
compute the genus of the commuting graph of the group A × G, where A is a finite
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abelian group and G is any one of the groups considered in the Propositions 4.1 to
4.5.
5. Finite non-abelian groups whose commuting graphs are planar
In this section, we characterize all finite non-abelian groups whose commuting
graphs are planar. However, we begin the section with a lemma containing a couple
of elementary properties of finite 2-groups.
Lemma 5.1. Let G be a finite 2-group. Then, the following assertions hold:
(a) If |G| ≥ 16, then G contains an abelian subgroup of order 8.
(b) If |G| ≥ 32 and |Z(G)| ≥ 4, then G contains an abelian subgroup of order
16.
Proof. If |G| = 32 and |Z(G)| = 4, then, using GAP [30] or otherwise (see, for
example [6, Theorem 35.4]), it is not difficult to see that G contains an abelian
subgroup of order 16. The rest of the lemma follows immediately from [8, Section
I, Para 4].



If G is a finite non-abelian group whose commuting graph is planar, then, by
Lemma 3.2(b), we have 1 ≤ |Z(G)| ≤ 4. Our next lemma of this section provides
some useful information regarding the size of G and its abelian subgroups.
Lemma 5.2. Let G be a finite non-abelian group whose commuting graph is planar.
Then the following assertions hold:
(a) If p is a prime divisor of |G|, then p ≤ 5.
(b) Neither 9 nor 25 divides |G|, and hence, |G| is even with |G| ≥ 6.
Proof. If p ≥ 7 is a prime divisor of |G|, then G/Z(G) has an element of order p,
and so, by Lemma 3.2(b), we have |Z(G)| ≤

4
p−1

< 1, which is impossible. This

proves (a). For (b), note that if 9 or 25 divides |G|, then, a Sylow 3-subgroup or a
Sylow 5-subgroup of G contains a subgroup of order 9 or 25. Since such a subgroup
is abelian, we have, in view of Lemma 3.2(c), a contradiction in either situation.
That |G| is even with |G| ≥ 6, follows from the fact that G is non-abelian.



Given a finite non-abelian group G, whose commuting graph is planar, it follows
from Lemma 5.2 that |G| = 2r 3s 5t , where r ≥ 1 and s, t ∈ {0, 1}. However,
depending on the values of |Z(G)|, the range of possible values of |G| gets reduced
further.
Lemma 5.3. Let G be a finite non-abelian group whose commuting graph is planar.
Then the possible values of |G| are given as follows:
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(a) If |Z(G)| = 1, then |G| = 2r 3s 5t , where 1 ≤ r ≤ 3 and s, t ∈ {0, 1}.
(b) If |Z(G)| = 2, then |G| ∈ {8, 12, 24}.
(c) If |Z(G)| = 4, then |G| = 16.
(d) |Z(G)| =
6 3.
Proof. We have |G| = 2r 3s 5t , where r ≥ 1 and s, t ∈ {0, 1}. Let H be a Sylow
2-subgroup of G. If |Z(G)| ≤ 3 and r ≥ 4, then, by Lemma 5.1(a), H has an
abelian subgroup of order 8. However, by Lemma 3.2(c), the size of an abelian
subgroup of G does not exceed 7 if |Z(G)| ≤ 3. Thus, r ≤ 3 if |Z(G)| ≤ 3. On
the other hand, if |Z(G)| = 4 and r ≥ 5, then, using Lemma 5.1(b) and noting
that Z(G) ⊆ Z(H), there is an abelian subgroup of H of order 16. But, by Lemma
3.2(c), this is impossible. Thus, r ≤ 4 if |Z(G)| = 4. If 5 divides |G|, then G/Z(G)
has an element of order 5, and so, by Lemma 3.2(b), we have |Z(G)| = 1. Also, if
|Z(G)| = 4, then 3 does not divide |G|; otherwise G/Z(G) would have an element
of order 3, which, by Lemma 3.2(b), is impossible. Now, it is a routine matter to
see that the assertions (a), (b) and (c) hold. Finally, note that if |Z(G)| = 3, then,
by the above argument, we have |G| = 12 or 24. Therefore, G has a subgroup A
of order 4, and hence, an abelian subgroup AZ(G) of order 12, which, by Lemma
3.2(c), is impossible. Thus, (d) holds as well.



Note that some of the possibilities mentioned in Lemma 5.3 are not maintainable;
for example, in (a), it is obviously not possible to have s = t = 0. In fact, the
following small result helps us in avoiding few more finite groups as far as the
planarity of their commuting graphs is concerned.
Lemma 5.4. Let G be a finite non-abelian group. If |G| = 30, or if G is a solvable
group with |G| = 60 or 120, then G has an subgroup of order 15 (which is obviously
abelian). Also, if |G| = 40, then G has an abelian subgroup of order 10.
Proof. If |G| = 30, or if G is a solvable group with |G| = 60 or 120, then, by a
theorem of Hall (see [22, Theorem 5.28]), G has a subgroup of order 15. On the
other hand, if |G| = 40, then G has a unique Sylow 5-subgroup, and so, considering
the centralizer and the number of conjugates of an element of order 5, one can show
that G has an element (hence, an abelian subgroup) of order 10.



In view of Lemma 3.2(c) and Lemma 5.3, it follows from Lemma 5.4 that if G is
a finite non-abelian group whose commuting graph is planar, then |G| ∈
/ {30, 40};
in addition, if G is solvable, then |G| ∈
/ {60, 120}.
We also have the following useful result concerning the groups of order 16.
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Lemma 5.5. Let G be a finite non-abelian group with |Z(G)| = 4. Then, the
commuting graph of G is planar if and only if |G| = 16.
Proof. Let G be a finite group with |G| = 16 and |Z(G)| = 4. Note that, for each
x ∈ G \ Z(G), we have |CG (x)| = 8 and CG (x) = hxiZ(G), which is abelian. Thus,
G is an AC-group with |CG (x) \ Z(G)| = 4. Hence, it follows from Proposition 3.4
that γ(Γc (G)) = 0, that is, the commuting graph of G is planar. This, in view of
Lemma 5.3(c), completes the proof.



Remark 5.6. Up to isomorphism, there are exactly six non-abelian groups of order
16 with centers of order 4, namely, the two direct products Z2 × D8 and Z2 × Q8 ,
the Small Group SG(16, 3) = ha, b | a4 = b4 = 1, ab = b−1 a−1 , ab−1 = ba−1 i, the
semi-direct product Z4 o Z4 = ha, b | a4 = b4 = 1, bab−1 = a−1 i, the central product
D8 ∗ Z4 = ha, b, c | a4 = b2 = c2 = 1, ab = ba, ac = ca, bc = a2 cbi and the modular
group M16 = ha, b | a8 = b2 = 1, bab = a5 i.
We now state and prove the main result of this section, where two new groups
make their appearance, namely, the Suzuki group Sz(2) = ha, b | a5 = b4 =
1, bab−1 = a2 i, and the special linear group SL(2, 3) = ha, b, c | a3 = b3 = c2 = abci.
Theorem 5.7. Let G be a finite non-abelian group. Then, the commuting graph
of G is planar if and only if G is isomorphic to either S3 , D10 , A4 , Sz(2), S4 , A5 ,
D8 , Q8 , D12 , Q12 , SL(2, 3), Z2 × D8 , Z2 × Q8 , SG(16, 3), Z4 o Z4 , D8 ∗ Z4 or
M16 .
Proof. In view of Lemma 5.3, Lemma 5.5, Remark 5.6 and the paragraph following
Lemma 5.4, it is enough to study the planarity of the commuting graph of a finite
group G that belongs to one of the following categories:
I. |Z(G)| = 1 and |G| ∈ {6, 10, 12, 20, 24}.
II. |Z(G)| = 1, |G| ∈ {60, 120} and G is not solvable.
III. |Z(G)| = 2 and |G| ∈ {8, 12, 24}.
We use GAP [30] to examine the groups that belong to the above categories and
look into some of their properties which eventually help in concluding whether their
commuting graphs are planar or not.
There are exactly five groups that belong to category I, namely, S3 , D10 , A4 ,
Sz(2) and S4 . Among these groups, S3 , D10 , A4 and Sz(2) are AC-groups such
that, in each case, the size of the centralizer of every non-central element is at
most 5, and so, by Proposition 3.4, the commuting graph of each of these groups is
planar; on the other hand, the commuting graph Γc (S4 ) has a block decomposition
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given by
Γc (S4 )[H] ∪ ∪ Γc (S4 )[Hσ ],
σ∈F

with F = {(1 2), (1 3), (1 4), (1 2 3 4), (1 2 4 3), (1 3 2 4), (1 2 3), (1 2 4), (1 3 4), (2 3 4)},
H = {(1 2)(3 4), (1 3)(2 4), (1 4)(2 3)} and Hσ = Cσ (S4 ) \ {(1)} for all σ ∈ F, and
so, by [5, Corollary 1], it follows that γ(Γc (S4 )) = 7γ(K3 ) + 4γ(K2 ) = 0.
There are exactly two groups that belong to category II, namely, A5 and S5 . Of
the two groups, A5 is an AC-group in which the centralizer of every non-central
element is at most 5, and so, by Proposition 3.4, its commuting graph is planar;
on the other hand, S5 has an abelian subgroup of order 6, namely, CS5 (1 2) =
h(1 2), (3 4 5)i, and so, by Lemma 3.2(c), its commuting graph is not planar.
Finally, there are exactly nine groups that belong to category III. However,
except D8 , Q8 , D12 , Q12 and SL(2, 3), each of the remaining four groups has an
abelian centralizer of order at least 8, and so, by Lemma 3.2(c), has commuting
graph of positive genus. The groups D8 , Q8 , D12 , Q12 and SL(2, 3), on the other
hand, are all AC-groups such that, in each case, the size of the centralizer of every
non-central element is at most 6, and so, by Proposition 3.4, the commuting graph
of each of these groups is planar. This completes the proof.



6. Finite non-abelian groups whose commuting graphs are toroidal
In this section, we characterize all finite non-abelian groups whose commuting
graphs are toroidal.
The following result is analogous to Lemma 5.2.
Lemma 6.1. Let G be a finite non-abelain group whose commuting graph is toroidal.
Then, the following assertions hold:
(a) |Z(G)| ≤ 3.
(b) If p is a prime divisor of |G|, then p ≤ 7.
(c) None of 25, 27 and 49 is a divisor of |G|.
Proof. Suppose that |Z(G)| = 4. If p is an odd prime divisor of |G|, then G/Z(G)
has an element of order at least 3, and so, by Lemma 3.2(b), we have a contradiction.
Therefore, in view of Lemma 5.5, |G| = 2r for some r ≥ 5. But, by Lemma 5.1(b)
and Lemma 3.2(c), we again have a contradiction. So, let |Z(G)| ≥ 5. Choose
x, y ∈ G\Z(G) such that xy 6= yx. Then, xZ(G) and yZ(G) are two disjoint subsets
of G\Z(G), and the induced subgraph Γc (G)[xZ(G)] ∼
= Km ∼
= Γc (G)[yZ(G)], where
m = |Z(G)|. Hence, by Lemma 2.1 and Lemma 2.2, it follows that γ(Γc (G)) ≥ 2,
which is impossible. Thus, (a) holds.
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If p ≥ 11 is a prime divisor of |G|, then, by (a), there is an element of order
p in G/Z(G). Therefore, by Lemma 3.2(b), we have |Z(G)| ≤

7
p−1

< 1, which is

impossible. This proves (b).
For (c), note that if 25 or 49 divides |G|, then G has an abelian subgroup of
order 25 or 49. Since such a subgroup is obviously abelian, we have a contradiction
according to (a) and Lemma 3.2(c). On the other hand, if 27 divides |G|, then G
has a subgroup of order 27. Therefore, since the commuting graph of a subgroup
of G is a subgraph of the commuting graph of G, we have, by Corollary 3.7, a
contradiction. This completes the proof.



Analogous to Lemma 5.5, we have the following result concerning the groups of
order 16.
Lemma 6.2. Let G be a finite non-abelian 2-group with |Z(G)| = 2. Then, the
commuting graph of G is toroidal if and only if |G| = 16, that is, if and only if G
is isomorphic to either D16 , Q16 or SD16 .
Proof. Let |G| ≥ 32. Then, by the class equation [22, page 74], there exists x ∈
G \ Z(G) such that |G : CG (x)| = 2, and so, |CG (x)| ≥ 16. Clearly |Z(CG (x))| ≥ 4.
First, let us assume that |Z(CG (x))| = 4. Let v ∈ CG (x) \ Z(CG (x)). Then, there
exists w ∈ CG (x) \ Z(CG (x)) such that vw 6= wv. Let z denote the non-trivial
element of Z(G). Consider the two disjoint subsets H1 = {x, v, vz, xv, xvz} and
∼
H2 = {xz, w, wz, xw, xwz} of G\Z(G). Clearly, the induced subgraph Γc (G)[H1 ] =
K5 ∼
= Γc (G)[H2 ]. Hence, by Lemma 2.1 and Lemma 2.2, it follows that γ(Γc (G)) ≥
2. Next, let us assume that |Z(CG (x))| ≥ 8. Consider a subset V of Z(CG (x))\Z(G)
such that |V | = 3 and put W = CG (x) \ (V ∪ Z(G)). Clearly, the induced subgraph
Γc (G)[V ∪ W ] has a subgraph isomorphic to the complete bipartite graph K3,n ,
where n = |CG (x)| − 5 ≥ 11. This, by Lemma 2.3, implies that the genus of the
commuting graph of G is at least 3. Thus, in view of Theorem 5.7, it follows that
if the commuting graph of G is toroidal, then |G| = 16. On the other hand, it is
well-known (using GAP [30], for example) that if |G| = 16 and |Z(G)| = 2, then G
is isomorphic to either D16 , Q16 or SD16 , and, by Proposition 4.1, Proposition 4.2
and Proposition 4.3, the commuting graph of each of these groups is toroidal. This
completes the proof.



We also have the following result concerning the finite groups that are not 2groups.
Lemma 6.3. Let G be a finite non-abelian group with |G| = 2r m, where r ≥ 0,
m > 1 and m is odd. If the commuting graph of G is toroidal, then r ≤ 3.
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Proof. Suppose that the commuting graph of G is toroidal and that r ≥ 4. Let H
be a Sylow 2-subgroup of G. In view of Lemma 3.2(c), H is non-abelian. Moreover,
the commuting graph of H, being a subgraph of the commuting graph of G, is
either planar or toroidal.
Case 1. Γc (H) is planar.
In this case, by Lemma 5.3, we have |Z(H)| = 4. Therefore, by Lemma 6.1(a),
we have |Z(H) \ Z(G)| ≥ 2. Let v1 , v2 ∈ Z(H) \ Z(G) such that v1 6= v2 . Also,
let x, y ∈ H \ Z(H) such that xy 6= yx. Then, it is easy to see that {v1 } ∪ xZ(H)
and {v2 } ∪ yZ(H) are two disjoint subsets of G \ Z(G), and the induced subgraph
∼ K5 ∼
Γc (G)[{v1 }∪xZ(H)] =
= Γc (G)[{v2 }∪yZ(H)]. This implies that γ(Γc (G)) ≥ 2,
which is a contradiction.
Case 2. Γc (H) is toroidal.
In this case, by Lemma 6.1(a), we have |Z(H)| = 2. Therefore, by Lemma 6.2, we
have |H| = 16 and there exists an element x ∈ H with o(x) = 8. Note that, for each
y ∈ G with o(y) = 8, we have hxi = hyi; otherwise, choosing M = {x, x3 , x5 , x7 , x2 }
and N = {y, y 3 , y 5 , y 7 , w} with w ∈ {y 2 , y 6 } \ {x2 }, we would have the induced
subgraph Γc (G)[M ] ∼
= K5 ∼
= Γc (G)[N ], which, by Lemma 2.1 and Lemma 2.2,
implies that γ(Γc (G)) ≥ 2, a contradiction. Also, in view of Lemma 3.2, we have
|CG (x)| = 8; otherwise either Z(H) would have an element of order 8 or G would
have an abelian subgroup of order at least 24. Hence, it follows that the number
of conjugates of x in G is 2m ≥ 6, that is, there are at least six elements of order
8 in G. This contradiction completes the proof.



If G is a finite non-abelian group whose commuting graph is toroidal, then it
follows from Lemma 6.1 that |G| = 2r 3s 5t 7u , where r ≥ 0, 0 ≤ s ≤ 2 and t, u ∈
{0, 1}. However, as in Lemma 5.3, the range of possible values of |G| gets reduced
further depending on the values of |Z(G)|.
Lemma 6.4. Let G be a finite non-abelian group whose commuting graph is toroidal.
Then the possible values of |G| are given as follows:
(a) If |Z(G)| = 1, then |G| = 2r 3s 5t 7u where 0 ≤ r ≤ 3 and s, t, u ∈ {0, 1}.
(b) If |Z(G)| = 2, then |G| ∈ {16, 24}.
(c) If |Z(G)| = 3, then |G| = 18.
Proof. If 5 or 7 divides |G|, then G/Z(G) has an element of order 5 or 7, and
so, by Lemma 3.2(b), we have |Z(G)| = 1. If |Z(G)| ≤ 2, then 9 does not divide
|G|; otherwise G would have an abelian subgroup T of order 9, which, by Lemma
3.2(c), is impossible noting that |T ∩ Z(G)| = 1. If |Z(G)| = 3, then 4 does not
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divide |G|; otherwise G would have a subgroup A of order 4, and hence, an abelian
subgroup AZ(G) of order 12, which, by Lemma 3.2(c), is impossible. In view of
Theorem 5.7, Lemma 6.2 and Lemma 6.3, it is now not difficult to see that all the
three assertions hold.



Needless to mention that some of the possibilities mentioned in Lemma 6.4 are
clearly not maintainable; for example, in (a), it is impossible to have s = t = u = 0,
r = u = 0 or r = s = 0. Moreover, in view of Lemma 3.2(c) and Lemma 6.4, it
follows from Lemma 5.4 that if G is a finite non-abelian group whose commuting
graph is toroidal, then |G| ∈
/ {30, 40}; in addition, if G is solvable, then |G| ∈
/
{60, 120}.
The following result, along with Lemma 5.4, helps us in rejecting some more
possibilities.
Lemma 6.5. Let G be a finite non-abelian group whose commuting graph is toroidal.
If |G| = 7m, where m ≥ 2 and 7 - m, then m = 2 or 3.
Proof. By Lemma 6.4, we have |Z(G)| = 1. Let H be a Sylow 7-subgroups of
G. If S is a Sylow 7-subgroups of G such that S =
6 H, then it is easy to see
∼
∼
that the induced subgraph Γc (G)[S \ Z(G)] = K6 = Γc (G)[H \ Z(G)], and so,
we have a contradiction to the toroidality of Γc (G). Therefore, H is the unique
(hence, normal) Sylow 7-subgroup of G. Note that CG (H) = H; otherwise CG (H)
(hence, G) would have an element (hence, an abelian subgroup) of order at least 14,
which, by Lemma 3.2(c), is impossible. Therefore, by [22, Theorem 7.1(i)], G/H is
isomorphic to a subgroup of the cyclic group Z6 ∼
= Aut(H). Since |G/H| = m, it
follows that m|6 and G has an element x of order m. If m = 6, then the induced
subgraph Γc (G)[hxi\Z(G)] ∼
= K5 , and so, we have a contradiction to the toroidality
of Γc (G) since Γc (G)[H \ Z(G)] ∼
= K6 . Hence, we have m = 2 or 3.



We now state and prove the main result of this section.
Theorem 6.6. Let G be a finite non-abelian group. Then, the commuting graph
of G is toroidal if and only if G is isomorphic to either D14 , Z7 o Z3 , Z2 × A4 ,
Z3 × S3 , D16 , Q16 or SD16 .
Proof. In view of Lemma 6.2, Lemma 6.4 (and the paragraph following it), Lemma
6.5 and the proof of Theorem 5.7, it is enough to study the toroidality of the
commuting graph of a finite group G that belongs to one of the following categories:
I. |Z(G)| = 1 and |G| ∈ {14, 21}.
II. |Z(G)| = 1, |G| = 120 and G is not solvable.

GENUS OF THE COMMUTING GRAPHS OF FINITE NON-ABELIAN GROUPS

107

III. |Z(G)| = 2, |G| = 24 and G 6∼
= SL(2, 3).
IV. |Z(G)| = 3 and |G| = 18.
As in the proof of Theorem 5.7, we use GAP [30] to determine the groups belonging to the above categories whose commuting graphs are toroidal.
D14 and Z7 oZ3 are the only groups that belong to category I and, by Proposition
4.1 and Corollary 3.6, the commuting graphs of these groups are toroidal.
S5 is the only group that belongs to the category II. However, S5 has two abelian
subgroups S = h(1 2)(3 4 5)i and T = h(4 5)(1 2 3)i such that |S| = |T | = 6 and
S ∩ T is trivial. It follows that the commuting graph of S5 is not toroidal.
There are exactly four groups that belong to category III and all of them are
AC-groups. However, except Z2 × A4 , each of the remaining three groups have an
abelian centralizer of order 12, whereas Z2 × A4 has only one abelian centralizer
of order 8 and the rest of order 6. Therefore, by Proposition 3.4, it follows that
Z2 × A4 is the only group in category III whose commuting graph is toroidal.
Z3 × S3 is the only group that belongs to the category IV and it is an AC-group
with only one abelian centralizer of order 9 and the rest of order 6. Therefore, by
Proposition 3.4, it follows that the commuting graph of Z3 × S3 is toroidal. This
completes the proof.



Acknowledgment. The first author is grateful to Group-Pub-Forum for many
useful discussions. The second author wishes to express his sincere thanks to CSIR
(India) for its financial assistance (File No. 09/347(0209)/2012-EMR-I). Both the
authors are thankful to the referee for his/her helpful suggestions.
References
[1] A. Abdollahi, S. Akbari and H. R. Maimani, Non-commuting graph of a group,
J. Algebra, 298(2) (2006), 468-492.
[2] S. Akbari, M. Ghandehari, M. Hadian and A. Mohammadian, On commuting
graphs of semisimple rings, Linear Algebra Appl., 390 (2004), 345-355.
[3] S. Akbari, A. Mohammadian, H. Radjavi and P. Raja, On the diameters of
commuting graphs, Linear Algebra Appl., 418(1) (2006), 161-176.
[4] C. Bates, D. Bundy, S. Hart and P. Rowley, A note on commuting graphs for
symmetric groups, Electron. J. Combin., 16(1) (2009), 13 pp.
[5] J. Battle, F. Harary, Y. Kodama and J. W. T. Youngs, Additivity of the genus
of a graph, Bull. Amer. Math. Soc., 68 (1962), 565-568.
[6] Y. Berkovich, Groups of Prime Power Order, Vol. 1, de Gruyter Expositions
in Mathematics, 46, Walter de Gruyter, Berlin, New York, 2008.

108

ASHISH KUMAR DAS AND DEIBORLANG NONGSIANG

[7] R. Brauer and K. A. Fowler, On groups of even order, Ann. of Math., 62(2)
(1955), 565-583.
[8] W. Burnside, On some properties of groups whose orders are powers of primes,
Proc. London Math. Soc., 11(2) (1913), 225-245.
[9] A. K. Das, H. R. Maimani, M. R. Pournaki, and S. Yassemi, Nonplanarity
of unit graphs and classification of the toroidal ones, Pacific J. Math., 268(2)
(2014), 371-387.
[10] M. Fang and P. Zhang, Finite groups with graphs containing no triangles, J.
Algebra, 264(2) (2003), 613-619.
[11] M. Giudici and C. Parker, There is no upper bound for the diameter of the
commuting graph of a finite group, J. Combin. Theory Ser. A, 120(7) (2013),
1600-1603.
[12] M. Hall, Jr., The Theory of Groups, The Macmillan Co., New York, 1959.
[13] A. Iranmanesh and A. Jafarzadeh Characterization of finite groups by their
commuting graph, Acta Math. Acad. Paedagog. Nyházi. (N.S.), 23(1) (2007),
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Abstract: The larval mouth part sensilla trichodea in Antheraea assamensis revealed differential distribution
pattern of pores and lumen in different parts of the same sensilla. Pores were sparse in the tip as compared to the
middle portion. Similarly lumen was well developed near the base but it was not observed in the tip. Sensilla
cheatica, on the other hand were represented by porous as well as aporous types. Two types of sensilla
basiconica (uniporous and multiporous), an aporous sensilla digitiform and placoid sensilla were detected. Most
of the sensilla were found to be innervated by the dendrites of one or more sensory neurons. The fine structural
details and distribution of dendrites, thickness of walls of sensilla, porosity of sensilla, presence ,absence and the
nature of lumen of different sensilla have been studied, and their significance in sensory physiology are
discussed in the light of available literature.
Keywords: Antheraea assamensis; sensilla; mouth parts; TEM

1. Introduction:
The muga silkmoth, Antheraea assamensis Helfer syn. Antheraea assama Westwood, belonging to the order
Lepidoptera and family Saturniidae of the class Insecta, is endemic to the Brahmaputra valley of Assam, and
the foothills of East Garo hills of Meghalaya in India.. It is an economically important sericigenous insect,
producing an exquisite and lustrous golden yellow silk of high economic value. The larval forms of Antheraea
assamensis thrives well on the aromatic leaves of the host plants “Som” (Machilus bombycina King ex Hook.
F.) and “Soalu” (Litsea polyantha A. Juss). Antheraea assamensis being a semi domesticated insect exhibits a
wild living and feeding habit in the larval stages, necessitating outdoor rearing of the larvae. As a result, the
delicate worms are exposed to extremes of climatic conditions such as heavy rain, hailstorm, moisture,
temperature stress etc as well as natural predators & parasitoids such as birds and insects.
In order to overcome the aforementioned problems associated with outdoor rearing, it appears that successful
domestication or indoor rearing of the worms will be extremely important for sustenance and improvement of
the muga silk industry as this would ensure controlled environmental conditions favorable for growth and
development of the worm. Although numerous attempts have been made to rear the worms under indoor
conditions, it had not been successful especially in large scale, due to a number of problems. It was therefore
thought that for attaining success in indoor rearing, it is extremely important to gain a detailed knowledge about
the feeding behavior of the insect, its sensitivity to host plant and specialization in structural features of its
sensory system. It is amply highlighted in literature that adaptational diversity of an insect is best expressed by
its specialized cuticular sensory structures called sensilla[1-3].Hence, it appears that the first step in
understanding the complexity of behavior of an insect should involve detailed examination of its sensory
structures, as mostof the insect behavior is known to be under nervous control[4].Further, sensory receptors play
important roles in different behavioral responses such as host plant selection, food searching behavior, and in
distinguishing host plants from the non-host plants. Host selection in phytophagous insects consists of a
sequence of behavioral responses to an array of stimuli associated with host and non-host plants, and the insect
sensory receptors enable them to perceive these stimuli[5].The role of insect mouthparts and host plant leaf
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surface in insect-plant relationship has been reviewed by Chapman (1977)[6]. It is also well known that sensilla
present on the mouthparts of insects play significant roles in feeding activities [7,8].Thus, mouthparts and the
associated sensory structures appear to be directly related to the foraging and feeding behavior of phytophagous
insects and their larval forms. Although many detailed studies have been carried out on the sensory structures of
different lepidopteran species [9-11].very few reports on sensory system of “Muga” silkworm, Antheraea
assamensis are available in existing literature [3,12-17]. As far as the mouthpart sensilla of “Muga” silk worm
is concerned, only some scattered information exists in literature [12, 13, 17, 18-20]. The aforementioned
studies on mouth part sensilla, however were restricted mainly to surface micro structural features and gross
morphology investigated through scanning electron microscopy. Reports on studies concerning fine structural
aspects of mouth part sensilla of A.assamensis involving Transmission electron microscopy are lacking as
revealed from the existing literature. It is needless to mention that studies correlating morphological features of
sensilla with the fine structural aspects such as dendritic organization, nature of the dendritic sheath, details of
lumen of sensilla shaft, characteristics of the wall of the sensilla at the base & apex etc. are important in
understanding the structural and functional physiology of the mouth part sensilla. Keeping these in view,
Tansmission electron microscopy of major mouth part sensilla of A.asamensis have been undertaken to acquire
an in-depth knowledge on the physiology of the mouth part sensilla.
2. Materials and methods:
2.1. Sample collection:
The first larval stage of the “muga” silk moth, Antheraea assamensis (Figs. 1.) were collected from the three
sites, The Central Muga and Eri Research and Training Institute, Ladoigarh, Assam, India; The Regional Muga
Research Institute, Boko, Assam, India and the Field station of Central Silk Board, Nongpoh, Meghalaya, India
during the period 2010-2013.Samples were collected during the four seasons, pre-monsoon, monsoon, postmonsoon and winter.

Figure 1: Photograph of the First larval stage of the silk moth, Antheraea assamensis
For the purpose of Transmission Electron Microscopic (TEM) study, excised heads of larvae were
modified Karnovsky’s fixative [21].

fixed in

2.2. Sample preparation:
2.2.1. Transmission electron microscopy:
For TEM studies, standard methods for TEM sample preparation was followed [22]. The head were excised
from the larvae, and, the mouthparts were separated very carefully, by viewing under a dissection microscope.
The different components of the mouth parts were further trimmed and cut into smaller pieces of approximately
1mm x 1mm size and fixed in modified Karnovsky’s fixative [21] having the composition of 20g of paraformaldehyde dissolved in 250ml of 0.2 M sodium cacodylate buffer at 60°C. The volume was increased to
480ml by adding double distilled water. To this, 20ml of 25% glutaraldehyde and 12.5g of anhydrous calcium
chloride were added. After 4 hours of fixation in the above primary fixative, the samples were washed
thoroughly in 0.1 M sodium cacodylate buffer. Post fixation was carried out in 1% osmium tetroxide prepared in
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the same buffer for 1 hour at 4°C. Fixed samples were dehydrated in ascending grades of acetone with two
changes of 15 minutes each. From dehydrated samples, the residual acetone was removed by keeping the
samples in propylene oxide for 30 minutes. This was followed by infiltration carried out gradually in different
proportions of propylene oxide mixed with embedding medium {Araldite CY212- 10ml, DDSA (dodecenyl
succinic anhydride- 10ml, DMP-30 [Tri- (di-methyl-amino-methyl) phenol] - 0.4ml, and di-butyl phthalate1ml}.
Embedding of the samples was carried out in the araldite embedding medium using beem-capsules. The
embedded blocks were kept at 50°C in an embedding oven for 24hours. The temperature was then raised to
60°C and the embedded samples were kept for 48 hours to complete polymerization.
After complete polymerization of the embedded samples, ultra-thin sections (600A°-800A°) were cut in an
RMC ultra-microtome, MT-X, with a diamond knife. The sections were collected on copper grids and stained
with saturated alcoholic solution of uranyl acetate for 10 minutes at room temperature in the dark, followed by
lead citrate for 5 minutes.[23] The stained sections were examined in a Jeol JEM 2100 transmission electron
microscope at an accelerating voltage of 80 kV.
3. Results:
3.1. Fine structure of major larval mouthpart sensilla:
3.1.1. Sensilla trichoidea:
3.1.1.1. Sensilla trichodea typeI (STrI):
A transverse section of sensillum trichoidea showed that the sensilla are innervated by three dendrites (Fig.2).

Figure 2: TEM image of the transverse section of the apical region of the hair shaft of sensillum trichoideum
type I showing three dendrites (d-asterix), a cuticular wall (cw) with pores (arrows)
The dendritic sheath is not clearly visible as it may be present in close apposition with the inner layer of the
cuticular wall. The cuticlar wall is found to be thick and few pores are observed (Fig.2.). The lumen of the
sensilla is found to be filled with electron dense material.
3.1.1.2. Sensilla trichoidea typeII (STrII):
Cross section of sensillum trichoidea typeII reveals the presence of a thick electron dense cuticular wall. Few
pores are also observed on the cuticular wall. The sensillum was found to be innervated by four dendrites
(Fig.3).
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Figure 3: TEM image of the distal region of sensillum trichoideum type II showing the innervations of four
dendrites (d1-d4)(white arrows). The electron dense dendritic sheath (ds) partially compartmentalizes the
dendrites. Neurotubules are observed in the dendritic regions (d1). Cuticular wall (cw) is thick with few pores
(black arrows).
The electron dense dendritic sheath lying in close apposition to the inner surface of the cuticular wall was found
to be invaginated into the lumen, partially compartmentalizing the dendritic segments. In one of the dendritic
regions a few neuro-tubules are also observed (Fig.3).
3.1.2. Sensilla chaetica:
3.1.2.1 Sensilla chaetica typeI (SChI):
The transverse section of the distal region of the hair shaft of sensilla chaetica type I (located at the labrum)
shows two dendritic segments within the sensilla sinus, encased by the dendritic sheath in close proximity to the
inner layer of the cuticular wall.

Figure 4: TEM image of a cross section of sensillum chaeticum, showing two dendrites (d) (arrows) enclosed
within a dendritic sheath (ds), the sensillar sinus (ss) and a thick cuticular wall (cw)

The cuticular wall is found to be thick and aporous (Fig.4).
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3.1.2.2 Sensilla chaetica typeII (SChII):
The transverse section of the apical region of the hair shaft of sensilla chaetica typeII (located at the mandible)
reveals that the cuticular wall of the sensillum is thick with some pores on it, which connect the surface to the
sensillar lumen. In the central region of the lumen of the sensilla, two dendrites are observed (Fig.5).

Figure 5: TEM image of a cross section at the apical region of the hair shaft of sensilla chaetica type II showing
the innervations of two dendrites (d- arrows) with a thick cuticular wall (cw) and pores (p).
The dendritic sheath, however, is not distinct.
3.1.3. Sensilla styloconica:
3.1.3.1 Sensilla styloconica type I (SStyI):
The transverse section of sensillum styloconicum type I reveals the presence of four distal dendritic segments on
the periphery of the lumen, close to the inner layer of the cuticular wall lying within the dendritic channels. In
one of the distal dendritic segments (Fig.6), a few prominent round neurotubules are present. The cuticular wall
is found to be relatively thick.

Figure 6: Cross section of the distal region of sensillum styloconicum innervated by four dendrites (d1-d4)
(white arrows) showing neurotubules, particularly in d1and d4, and cuticular wall (cw) showing pores (black
arrows).
Few pores are observed on the cuticular wall.
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3.1.3.2. Sensilla styloconica type II (SStyII):
A cross section of sensillum styloconicum shows the presence of four distal dendrites surrounded by the
dendritic sheath. The dendritic sheath is found to be elaborate, surrounding individual dendrites and presumably
providing support for them (Fig.7).

Figure 7: The cross section of sensillum styloconicum type II, showing the innervations of four dendrites (d1d4)(white asterix), with a tubular body (tb)(black asterix) like structure.
In the same section, a tubular structure closely apposed to the cuticular wall is also observed (Fig.7). Since it
has been amply highlighted in existing literature that the uniporous galeal styloconic sensilla are innervated by
five bipolar neurons[24].it is possible that the fifth dendrite terminated at the base of the sensillum by forming a
tubular body.
In an enlarged view of a section of the sensilla (Fig.8), four dendrites are found to be enclosed by the dendritic
sheath and a tubular body with electron dense material is separated from the others by a septum within the
dendritic sheath.

Figure 8: Enlarged view of the sensillum showing the four dendrites (d) enclosed in a dendritic sheath (ds), and
a tubular body (tb) like structure with electron dense material separated from the others by a septum within the
dendritic sheath.
The dendritic sheath envelopes the tubular body, possibly the fifth dendrite all around the circumference. The
entire structure is found to be enclosed by the inner sheath cell (isc) and the intermediate sheath cell (msc). The
dendritic segments are filled with neurotubules (Fig.8). In the section around the ciliary region, the dendritic
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sheath could not be detected, and the dendritic segments are located within the ciliary sinus wrapped by the
inner sheath cell.

Figure 9: The cross section of the ciliary region of the sensillum. Section showing absence of dendritic sheath of
the dendritic segments located within the ciliary sinus (cs) surrounded by the inner sheath cell. Some dendrites
(d1 and d3) showing the microtubular arrangement along the periphery.
Neurotubules are observed along the periphery of some of the dendrites (Fig.9).
3.1.4. Sensilla basiconica:
3.1.4.1 Sensilla basiconica typeI (SBaI):
In the transverse section of the multiporous basiconic sensillum, a rough and thin cuticular wall, serrated
externally can be observed. A number of pores are also observed on the wall. The inner surface of the cuticular
wall is found to be lined with a thick electron dense layer. The centre of the sensillar lumen is occupied by a
number of distal dendritic branches (Fig.10).

Figure 10: TEM image of cross section of multiporous sensillum basiconicum type I showing thin cuticular
porous wall and dendritic branches (db) within the sensillum also showing micritubular structure in some.
In the cross section of the uniporous basiconic sensillum type I, the cuticular wall is found to be thick. The
lumen of the sensillum is innervated by five dendrites enclosed by a dentritic sheath (Fig.11). Dendritic sheath is
elaborate, completely compartmentalizing some of the dentrites.
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Figure 11: Cross section of uniporous sensillum basiconicum typeI, showing pore on the cuticular wall and
innervations of four dendrites (asterix).
Neurotubules are also present (Fig.11).
3.1.4.2. Sensilla basiconica typeII (SBaII):
In the transverse section of the sensillum basiconicum type II, two distal dendritic segments are observed in the
sensillar sinus (Fig.12).

Figure 12: TEM image of cross section of sensillum basiconicum type II, showing two dendritic segments with
microtubules in the sensillar sinus
The dendritic sheath is found to be closely apposed to the cuticular wall and no pore is observed on the wall.
The cuticular wall is found to be relatively thin with electron dense material in some parts of its inner surface.
4. Discussions:
Related studies[25] suggest that sensilla trichoidea which are without a flexible socket, have multiple pores on a
thick wall as observed in the aforementioned sensilla located in the labial palps of the muga silkworm in the
current study. Further, the sensilla are innervated by one to three neurons and this type of sensilla is reported to
have an olfactory function. The three dendrites and the pores observed in the sensilla trichoidea type I in the
labial palps of the muga silkworm confirm the innervations necessary for a chemosensory, possibly olfactory
function.
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Transmission Electron Microscopy (TEM) of the cross section of the type II trichoid sensillum showing the
presence of four dendrites with cuticular pores indicate that they may function as chemo-receptors . It has been
reported that the number of olfactory receptor neurons in most olfactory sensilla ranges between one to five[26].
In this context, it is to be noted that trichoid sensilla is also reported to be equipped with one to five neurons. [27]
Structures of olfactory sensilla are generally believed to be well conserved, consisting of cuticular pores through
which odor is perceived, despite their considerable variability in the gross morphology[28].Thus, the presence of
sensilla trichoidea in the mouth parts of A. assamensis suggests the importance of olfactory receptors in
detecting odors emanating from the host plant.
Sensilla chaetica are reported to function as both mechano- and chemo-receptors[29,30],and such dual function
is generally ascribed to the presence of a dendrite not attached to the hair shaft but forming a tubular body at the
base[31,32]. Hence, the presence of two dendrites observed in the labral sensilla chaetica in A. assamensis
suggest that, in the muga silkworm it may play a significant role in chemoreception, probably as a contact
chemoreceptor[30]. and help the larvae to assess the leaf texture and quality[33]. Chemicals from the leaf
surfaces are believed to stimulate larval contact chemoreceptors and this is the normal way by which these
receptors operate when the larva first encounters a leaf surface[34-36]. According to Bland et al., (1998)[37],
contact chemoreceptive sensilla on the mouthpart are primarily used to taste food and determine the chemical
characteristics of the substrate.
Sensilla chaetica observed on the paired mandibles of A. assamensis has also been reported in other
lepidopterans [38]. However, in other lepidopteran larvae, they are reported to be aporous [39], while they are
multiporous in A.assamensis. The multiporous nature of these sensilla indicates their chemosensory function,
probably in olfaction. Also, the presence of two dendritic segments without the dendritic sheath and the
presence of pores on the cuticular wall of the sensilla suggest that they may function as chemoreceptors, since
chemo receptors are usually innervated by two to four neurons with the dendritic sheath usually ending at the
hair base and the dendrites emerging from it [33]. These sensilla are believed to respond specifically to volatiles
emitted by the host and non-host plants, and assist larvae in the selection of host plant[40]. Thus, sensilla
chaetica on the mandibles of the muga silkworm may help the larvae in host plant recognition. It is also
highlighted in literature that sensilla located on the mandibles help to monitor the hardness of food and modulate
the power of the adductor muscles [41]. The mandibular sensilla chaetica may function in a similar manner in
A.assamensis.
The sensillum styloconica present on the labial palps of A.assamensis has been reported in other lepidopteran
larvae [39, 42]. The presence of numerous pores on the surface and the occurrence of four dendritic segments in
the cross section of the sensillum suggest their chemoreceptive function. They probably play a role in olfaction
and help the larvae to perceive odors emitted by the host plant and thereby assist the larvae to differentiate host
from non-host plants.
The two uniporous sensilla styloconica, present medially and laterally, in the mesal lobe of the paired maxillary
galea of the muga silkworm has been reported in different lepidopteran larvae [43,44]. which may play an
important role in host plant recognition, assisting the larvae to distinguish the host plant by assessing the plant
volatiles and are likely to function as the main larval gustatory organs.
In this context, it is to be noted that food plant recognition is predominantly governed by the presence of eight
taste neurons present in the two styloconic sensilla of the maxillary galea [43]. These two sensilla have been
reported to be the main taste receptors as confirmed by behavioral and electrophysiological studies [43]. The
ultra structure of these sensilla are reported to be conserved across lepidopteran species [43], each sensillum
being innervated by five bipolar neuron i.e. four chemosensory and one mechano-sensory [44]. This may also be
true for A. assamensis, as the transverse section of the sensillum revealed the presence of four dendrites which
appear to be the chemosensory cells and the fifth dendrite is the tubular body of a mechano sensory cell. Unbranched dendrites lack wall pores, and, the presence of a tubular body suggests a combined mechano-sensory
and gustatory function [44]. The tubular body at the base of the sensillum is a typical mechano-sensitive
structure [29]. Thus, the presence of both types of cells in the uniporous styloconic sensilla in A.assamensis as
revealed from the current study is indicative of a bimodal, chemo-mechano-sensory function of the
aforementioned sensilla. In this context, it is to be noted that mechano-receptive sensilla are used by many
insects to obtain information on the surface texture of the leaf through continuous contact with the leaf [45]. Out
of the eight cones observed in the sensilla basiconica type I, three with multiple pores on the surface are
believed to be olfactory, while five with a single apical pore are believed to be gustatory [46]. Moreover, the
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dendritic branches and the serrated appearance of the thin cuticular wall with pores on the basiconic sensilla of
A.assamensis is typical of olfactory structure and hence, an olfactory function of the aforementioned sensilla is
indicated [47]. It is therefore logical that the basiconic sensilla in the mouth part assist the larvae to detect and
perceive the plant volatiles.
The five dendritic segments observed in basiconic cones on the maxillary palp suggest a gustatory function [48].
Thus, the two morphological types of basiconic sensilla on the maxillary palps of A.assamensis indicate a dual
olfactory and gustatory function. These sensilla help the larvae to perceive the leaf odor and also to assess the
chemical nature of the leaves. Moreover, according to Wasserman and Itagaki (2003) [49], maxillary palpi are
believed to be in direct contact with a feeding substrate and are able to perceive odors directly. As a result, the
larvae are able to distinguish between the fresh aromatic leaves and the dry leaves with changed or reduced
aroma. Further, the tubular structure observed on the inner wall of the cuticle at the basal region of the basiconic
peg on the maxillary palp suggests the presence of a mechanosensory neuron which is terminated at the base of
the peg to form a tubular body.
The aporous sensillum basiconicum with a blunt tip detected on the lobarium of the maxillary galea has been
reported in other lepidopteran larvae [48, 50]. According to Faucheux, (1995) [51] the sensillum may be
mechanoreceptive, responding to food particles before they enter the hypo pharyngeal region. As reported in
Mamestra configurata [48], it may also function as a thermo-hygrosensitive sensillum. According to Steinbretch
and Muller (1978) [52], hygroreceptors are modified mechanoreceptors and are mediated by sensillar structure
consisting of both dry and wet receptor neurons as well as a temperature neuron [53]. The essential features of
thermo-hygroreceptors are the absence of pores, an inflexible socket directly arising from the cuticle with one to
two outer dendritic segments [48]. These features being present in the type II basiconic sensillum of the muga
silkworm is indicative of its function as a thermo-hygrosensitive sensillum.
5. Conclusion:
Transmission electron microscopy of major larval mouth part sensilla such as different types of sensilla
trichodea, sensilla chaetica, sensilla basiconica and sensilla styloconica could reveal their fine structural details
relevant to the sensory physiology of the silk moth larvae. The distribution pattern and number of the dendrites;
porous or non porous nature of the wall of the sensilla, arrangement of dentritic sheath, localization of
neurotubules, presence or absence of lumen in different parts of the sensilla etc. could be resolved precisely with
the help of Transmission electron microscopy. The study suggests that along with the morphological
characterization of different mouth part sensilla with the help of scanning electron microscopy, the fine
structural details through transmission electron microscopy are extremely important in understanding the
mechano- sensory, chemosensory and olfactory functions of the mouth part sensilla in the silk moth,
A.assamensis endemic to the North East India. The detail knowledge on different types of mouth part sensilla in
A.assamensis, as revealed from the present study will be important in developing appropriate strategies for
indoor rearing of the silk moth larvae since the feeding behavior of the larval stages in insect are governed by
the body sensilla in general and mouth part sensilla in particular.
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Abstract. Let G be a group and nil(G) = {x ∈ G | hx, yi is nilpotent for all
y ∈ G}. Associate a graph RG (called the non-nilpotent graph of G) with
G as follows: Take G \ nil(G) as the vertex set and two vertices are adjacent
if they generate a non-nilpotent subgroup. In this paper we study the graph
theoretical properties of RG . We conjecture that the domination number of
the non-nilpotent graph of every finite non-abelian simple group is 2. We
also conjecture that if G and H are two non-nilpotent finite groups such that
RG ∼
= RH , then |G| = |H|. Among other results, we show that the nonnilpotent graph of D10 is double-toroidal.
Mathematics Subject Classification (2010): 20D60
Keywords: Non-nilpotent graph, finite group

1. Introduction
Let G be a group and nil(G) = {x ∈ G | hx, yi is nilpotent for all y ∈ G}. Associate a simple graph RG (called the non-nilpotent graph) with G as follows: the
vertex set V (RG ) is G \ nil(G) and the edge set E(RG ) consists of {x, y}, where x
and y are distinct elements of G \ nil(G) such that hx, yi is not nilpotent. It is not
known whether the subset nil(G) is a subgroup of G, but in many important cases
it is a subgroup. In particular, nil(G) is equal to the hypercenter Z ∗ (G) of G, whenever G satisfies the maximal condition on its subgroups or G is a finitely generated
solvable group (see [2, Proposition 2.1]). The non-nilpotent graph may be regarded
as generalization of the non-commuting graph considered in [1,3]. Recently, in [2],
some group and graph properties of the non-nilpotent graph associated to a group
are studied.
In Section 3 of the paper, we study some properties of the non-nilpotent graph
RG of a non-weakly nilpotent group G (a group is said to be weakly nilpotent
if every two generated subgroup of G is nilpotent). We completely characterize
periodic groups with nil(G) a subgroup whose non-nilpotent graph have domination
The first author wishes to express his sincere thanks to CSIR(India) for its financial assistance
(File No. 09/347(0209)/2012-EMR-I).
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number 1. We see that for a finite group G, RG is a complete multi-partite graph
if and only if G is an nn-group. We also give an example of a finite group whose
non-nilpotent graph has diameter 3.
In Section 4, we study groups with isomorphic non-nilpotent graph. We show
that the non-nilpotent graph of a finite group cannot be isomorphic to the nonnilpotent graph of an infinite one. We also concentrate on the following conjecture:
Conjecture 1.1. Let G and H be two non-nilpotent finite groups such that RG ∼
=
RH . Then |G| = |H|.
The above conjecture is proved when one of the groups in the conjecture is D2n
(n not a power of 2), P SL(2, q) (q 2 6≡ 1 mod 16), the group of order pq or when one
of the groups has clique number 4.
In Section 5, we study the genus of the non-nilpotent graph RG of a non-weakly
nilpotent group G. We show that the hypercenter of G is bounded by a function of
the genus of RG . We also shown that, for any finite group G, RG is not toroidal.
In Section 6, we find clique and chromatic number of some groups.
2. Some prerequisites
In this section, we recall certain group theoretic and graph theoretic terminologies along with some well-known results which are used in the forthcoming sections.
An ascending series 1 = G0 C G1 C . . . Gβ = G in a group G is said to be central
if Gα C G and Gα+1 /Gα lies in the center of G/Gα for every α < β. A group which
possesses a central ascending series is called hypercentral. If G is any group and
α an ordinal, the terms Zα (G) of the upper central series of G are defined by the
rules
Z0 (G) = {1} and Zα+1 (G)/Zα (G) = Z(G/Zα (G))
together with the completeness condition
Zλ (G) =

[

Zα (G)

α<λ

where λ is a limit ordinal. Since the cardinality of G cannot be exceeded, there
is an ordinal β such that Zβ (G) = Zβ+1 (G), etc., a terminal subgroup called the
hypercenter of G and is denoted by Z ∗ (G).
A group G is said to be an AC-group if the centralizer CG (x) of every non-central
element x in G is an abelian subgroup of G. The AC-groups have been extensively
studied by many authors (see, for example, [1], [14], [15]).
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The vertex set and edge set of a graph Γ is denoted by V (Γ) and E(Γ), respectively. A subset of the vertex set of a graph Γ is called a clique of Γ if it consists
entirely of pairwise adjacent vertices. The least upper bound of the sizes of all the
cliques of G is called the clique number of Γ, and is denoted by ω(Γ). The chromatic
number of a graph Γ, written χ(Γ), is the minimum number of colors needed to label
the vertices so that adjacent vertices receive different colors. Clearly, ω(Γ) ≤ χ(Γ).
For a graph Γ and a subset S of the vertex set V (Γ), denote by NΓ [S] the set of
vertices in Γ which are in S or adjacent to a vertex in S. If NΓ [S] = V (Γ), then S
is said to be a dominating set(of vertices of V (Γ)). The domination number of a
graph V (Γ), denoted by λ(V (Γ)), is the minimum size of a dominating set of the
vertices in V (Γ). A subset X of the vertices of Γ is called an independent set if the
induced subgraph on X has no edges. The maximum size of an independent set in
a graph Γ is called the independent number of Γ and denoted by α(Γ). If a graph Γ
is connected, then the largest distance between all pairs of the vertices of Γ is called
the diameter of Γ and it is denoted by diam(Γ). A complete multi-partite graph is
the one whose vertex set can be partitioned into m disjoint parts in such a way that
two vertices are adjacent if and only if they lie in different parts. The complete
multi-partite graph, with parts of size n1 , . . . , nm , is denoted by Kn1 ,...,nm .
Let U be a nonempty subset of the vertex set of a graph Γ. The induced subgraph
of Γ on U is defined to be the graph Γ[U ] in which the vertex set is U and the edge
set consists precisely of those edges in Γ whose endpoints lie in U .
The vertex connectivity, κ(Γ), of a connected graph Γ is the smallest number
of vertices whose removal disconnect Γ. A subset S of the vertices of a connected
graph Γ is called a cut set, if Γ \ S is not a connected graph.
The genus of a graph Γ, denoted by γ(Γ), is the smallest non-negative integer g
such that the graph can be embedded on the surface obtained by attaching g handles
to a sphere. Clearly, if Γ̃ is a subgraph of Γ, then γ(Γ̃) ≤ γ(Γ). Graphs having
genus zero are called planar graphs, while those having genus one are called toroidal
graphs. Graphs having genus two are called double-toroidal graphs. If n ≥ 3, then
it is well-known (see [19, Theorem 6-38]) that the genus of the complete graph Kn
is given by



(n − 3)(n − 4)
γ(Kn ) =
.
12
On the other hand, if m, n ≥ 2, then it is also well-known (see [19, Theorem 6-37])
that the genus of the complete bipartite graph Km,n is given by


(m − 2)(n − 2)
γ(Km,n ) =
.
4
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3. Some properties of non-nilpotent graphs
Let G be a group and x ∈ G. Then,
nilG (x) = {g ∈ G | hg, xi is nilpotent}.
We call nilG (x) the nilpotentizer of x in G. For a nonempty subset of G, the
nilpotentizer of S in G is defined as
nilG (S) =

\

nilG (x).

x∈S

We call nilG (G) the nilpotentizer of G, and it will be denoted by nil(G). Thus
nil(G) = {x ∈ G | hx, yi is nilpotent of all y ∈ G}. Following [6], a group G is call
an nn-group if nilG (x) is a nilpotent subgroup of G for all x ∈ G \ nil(G).
We begin the section with the following result which enables us, in particular, to
use Z ∗ (G) and nil(G) interchangeably whenever the group G satisfies the maximal
condition on its subgroups or G is a finitely generated solvable group.
Proposition 3.1. [2, Proposition 2.1] Let G be a group. Then:
(1) Z ∗ (G) ⊆ nil(G) ⊆ R(G), where R(G) is the set of right Engel elements of
G.
(2) If G satisfies the maximal condition on its subgroups or G is finitely generated solvable group, then Z ∗ (G) = nil(G) = R(G).
Before stating the propositions that follow, it might be worth observing that
G 6= nil(G) if and only if G is not weakly nilpotent.
Proposition 3.2. Let G be a non-weakly nilpotent group.
(1) If nil(G) is a subgroup and {x} is a dominating set for RG , then nil(G) =
1, x2 = 1 and nilG (x) = hxi.
(2) If nil(G) is a subgroup and G is periodic, then λ(G) = 1 if and only if G
contains a normal abelian subgroup A with no element of order 2 and an
element x of order 2 such that ax = a−1 for all a ∈ A and G = Ahxi and
A ∩ hxi = 1.
Proof. (1) If nil(G) contains a non-trivial element z, then, since nil(G) is a subgroup of G, we have xz 6∈ nil(G), that is xz ∈ V (RG ). Clearly, xz is not adjacent
to x, a contradiction, so nil(G) = 1. Also if x2 6= 1, then x−1 is not adjacent to x.
Now since nil(G) = 1 and x is adjacent to all vertices of RG , nilG (x) = hxi.
(2) Suppose that λ(RG ) = 1. Thus G contains a non-identity element x such
that {x} is a dominating set for RG . By part (1) we have nilG (x) = hxi and
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x2 = 1. It follows that hxi ∩ hxg i = 1 for all g ∈ G \ hxi. Now by [17, Theorem 5],
A = G \ {xg |g ∈ G} is a normal abelian subgroup of G, such that G = Ahxi and
obviously A ∩ hxi = 1. Thus G is a solvable periodic group which implies that G is
locally finite. Let a ∈ A be a non-trivial element of A, then B = ha, ax i is a finite
abelian normal subgroup of G. Hence x induces a fixed-point-free automorphism
of order 2 in B, which implies that B is an abelian group of odd order (see, for
example, [13, Exercise 10.5.1]) and also we have bx = b−1 for all b ∈ B.
Now assume that G contains a normal abelian subgroup A and an element x
of order 2 with the properties stated in the proposition. It is easy to see that
nil(G) = 1 and the subgroup generated by any elements of G \ hxi and x is not
nilpotent, so {x} is a dominating set.



Question 3.3. Is the hypothesis “nil(G) ≤ G” necessary in Proposition 3.2?
Remark 3.4. Let G be a group which is not weakly nilpotent. Then a subset S of
V (RG ) is a dominating set if and only if nilG (S) ⊂ nil(G)∪S. To see this, suppose
S is a dominating set. If a 6∈ nil(G) ∪ S, then by definition of dominating set, there
exists x ∈ S, such that hx, ai is not nilpotent. Thus a 6∈ nilG (S). It follows that
nilG (S) ⊂ S ∪ nil(G).
Now assume that nilG (S) ⊂ nil(G) ∪ S. If a 6∈ nil(G) ∪ S, then by hypothesis,
a 6∈ nilG (S). Therefore, a is adjacent to at least one element of S. This completes
the proof.
Remark 3.5. If G is a non-weakly nilpotent nn-group, then for all x, y ∈ G\nil(G)
with hx, yi not nilpotent, we have {x, y} is a domination set for RG . To see this, we
need only to note that if a, b, c ∈ G \ nil(G), such that ha, bi and hb, ci are nilpotent,
then ha, ci is nilpotent. Thus domination number of RG is less than or equal to 2.
Proposition 3.6. The domination number of the non-nilpotent graph of A5 is 2.
Proof. First note that A5 is an nn-group. Thus, by the above remark, domination
number of RA5 is less than or equal to 2. Since A5 is a simple group, A5 does not
contain a non-trivial proper normal subgroup. Thus Proposition 3.2 completes the
proof.



We need the following result in the sequel.
Proposition 3.7. Let G = Sz(22m+1 ) be the Suzuki group over the field with 22m+1
elements, m > 0. Let q = 22m+1 and r = 2m . Then
(a) a Sylow 2-subgroup F of G is of order q 2 and |{F x | x ∈ G}| = q 2 + 1,
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(b) G contains a cyclic subgroup A of order q − 1 and |{Ax | x ∈ G}| =
q 2 (q 2 + 1)/2,
(c) G contains a cyclic subgroup B of order q + 2r + 1 and |{B x | x ∈ G}| =
q 2 (q 2 + 1)(q − 1)/4(q + 2r + 1),
(d) G contains a cyclic subgroup C of order q − 2r + 1 and |{C x | x ∈ G}| =
q 2 (q 2 + 1)(q − 1)/4(q − 2r + 1).
(e) Suppose x is a non-trivial element of G. Then,


F x if x ∈ F x ,





Ax if x ∈ Ax ,
nilG (x) =


B x if x ∈ B x ,




C x if x ∈ C x .
In particular, G is an nn-group.
Proof. Parts (a)-(d) follows from [8, Theorem 3.10 of Chapter XI]. By [8, Theorem
3.10 and 3.11 of Chapter XI],
P = {Ax \ {1}, B x \ {1}, C x \ {1}, F x \ {1} | x ∈ G}
is a partition for G and CG (y) ≤ M ∪ {1} for all y ∈ M and M ∈ P. Now let a be
a nontrivial element of G. Since P is a partition for G, a ∈ M for some M ∈ P.
Now by [2, Lemma 3.7], we have nilG (a) = M ∪ {1}. These prove (e) and thus it
follows that G is an nn-group.



Proposition 3.8. Let G = Sz(22m+1 ) be the Suzuki group over the field with 22m+1
elements, m > 0. Then λ(RG ) = 2.
Proof. By Proposition 3.7, we have G is an nn-group. By Remark 3.5, we have
λ(RG ) ≤ 2. Since G is a simple group, G does not contain a non-trivial proper
normal subgroup. Thus Proposition 3.2 completes the proof.



Let G be a non-abelian group. The non-commuting graph of G, denoted by Γ(G)
is the graph with G \ Z(G) as vertex set and two vertices are adjacent if they do
not commute (see [1,5]).
Proposition 3.9. Let q be a prime power number such that q 2 6≡ 1 mod 16 and
G = P SL(2, q). Then λ(RG ) = 2.
Proof. By [2, Lemma 3.9], we have nilG (a) = CG (a) for all non-trivial elements
a ∈ G. Thus ΓG ∼

= RG . Now, [1, Proposition 2.18(1)] completes the proof.
Now we pose the following conjecture.
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Conjecture 3.10. The domination number of the non-nilpotent graph of every
finite non-abelian simple group is 2.
Remark 3.11. The difficulty to prove the conjecture is that, if G = hx, yi is
a finite simple group, then {x, y} need not be a dominating set. For example
in the group P SL(3, 2), we have, P SL(3, 2) = h(3, 4)(5, 6), (1, 2, 3, 6)(4, 7)i, but
{(3, 4)(5, 6), (1, 2, 3, 6)(4, 7)} is not a dominating set since h(3, 4)(5, 6), (1, 2)(3, 6)i
and h(1, 2, 3, 6)(4, 7), (1, 2)(3, 6)i are nilpotent. Also, by [7], λ(RG ) = 2 for any
simple group whose order is less than 2000.
Proposition 3.12. Let G be a finite non-nilpotent group. Then RG is a complete multi-partite graph if and only if G is an nn-group. In particular, RG ∼
=
K|X1 |,...,|Xn | , where P = {nilG (u) \ nil(G) | u ∈ G \ nil(G)} = {X1 , . . . , Xn }.
Proof. Suppose G is an nn-group. Let X ∈ P, then X = nilG (u) \ nil(G) for some
u ∈ G. If x, y ∈ X, then hx, yi is nilpotent, since nilG (u) is a nilpotent subgroup.
Also, if x ∈ X and y ∈ G \ nil(G) such that hx, yi is nilpotent, then, we have hu, yi
is nilpotent, and so, y ∈ X. It follows that RG ∼
= K|X |,...,|X | .
1

n

Conversely, suppose RG is a complete multipartite graph. Let X1 , X2 , . . . , Xn
be the partite sets. Let x ∈ G \ nil(G), then x ∈ Xi for some i and nilG (x) \
nil(G) = Xi . Now if y, z ∈ nilG (x) \ nil(G) = Xi , then hy, zi is nilpotent and
yz ∈ nilG (y) = nilG (x). Thus nil(nilG (x)) = nilG (x) and so nilG (x) is a nilpotent
subgroup of G. Thus G is an nn-group.



Lemma 3.13. Let G be a non-weakly nilpotent group and x, y ∈ G. Then the
following assertions hold:
(i) if hx, yi nilpotent, then hx, y, Z ∗ (G)i is hypercentral. In particular hxu, yvi
is nilpotent for all u, v ∈ Z ∗ (G) and if G is a finite group, then hx, y, Z ∗ (G)i
is nilpotent.
(ii) if hx, yi is not nilpotent, then for all u, v ∈ Z ∗ (G), hxu, yvi is not nilpotent.
Proof. Let K = hx, y, Z ∗ (G)i. Then Z ∗ (G) ⊂ Z ∗ (K) and
K/Z ∗ (K) ∼
= hxZ ∗ (K), yZ ∗ (K)i,
a nilpotent group. Therefore Z ∗ (K) = K. It follows from [13, Theorem 12.2.3]
that K is hypercentral. By [13, Theorem 12.2.4], we have K is locally nilpotent.
Thus hxu, yvi is nilpotent for all u, v ∈ Z ∗ (G). If G is a finite group and since
Z ∗ (hx, y, Z ∗ (G)i) = nil(hx, y, Z ∗ (G)i) = hx, y, Z ∗ (G)i, we have hx, y, Z ∗ (G)i is
nilpotent. Part (ii) follows directly from part (i).
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Proposition 3.14. Let G be a non-weakly nilpotent nn-group and let S be a cut
set of RG . Then S is a union of cosets of Z ∗ (G). In particular if G is finite, then
κ(RG ) = t|nil(G)|, where t > 1 is an integer.
Proof. Let a ∈ S. Then there exist two distinct components G1 and G2 of RG \ S
and x ∈ G1 and y ∈ G2 such that a is adjacent to both x and y. By Lemma 3.13(ii),
x and y are also adjacent to az for any z ∈ Z ∗ (G), and so aZ ∗ (G) ⊂ S. Thus S is
a union of cosets of Z ∗ (G). Thus the first part follows.
Suppose that |S| = κ(RG ). It follows from the first part that κ(RG ) = t|Z ∗ (G)|
for some integer t ≥ 1. If t = 1, then S = bnil(G) for some element b ∈ G \ nil(G).
Then there exist two distinct components G1 and G2 of RG \ S and r ∈ G1 and
s ∈ G2 such that b is adjacent to both r and s. Here, hr, si is nilpotent. Thus hr, rbi
is not nilpotent. Since G is an nn-group, we have hs, rbi is not nilpotent, which is
a contradiction. This completes the proof.



Proposition 3.15. The non-nilpotent graph of every non-nilpotent finite nn-group
is Hamiltonian.
Proof. We first note that the degree of any vertex x in the non-nilpotent graph
RG of a non-nilpotent group G is equal to |G \ nilG (x)|. Since x ∈ G \ nil(G)
and G is an nn-group, we have |G| ≥ 2|nilG (x)|. Thus, it follows that deg(x) >
(|G| − |nil(G)|)/2. Therefore by Dirac’s theorem [4, p. 54], RG is Hamiltonian. 
Remark 3.16. The group Sn , n ≥ 4 is not an nn-group. To see this, first we note
that S4 is not an nn-group, since |nilG ((1, 2)(3, 4))| = 16 > |G|/2 = 12. For n ≥ 5,
Sn has a subgroup isomorphic to S4 . Since the class of nn-groups are clearly closed
under taking subgroups, we have Sn is not an nn-group.
The non-nilpotent graph of S4 is Hamiltonian. To see this, we need only to note
that the following path is a Hamiltonian cycle of RS4 :
(1, 2, 3) − (1, 2)(3, 4) − (2, 3, 4) − (1, 3)(2, 4) − (2, 4, 3) − (1, 4)(2, 3) − (1, 4, 3) −
(1, 2, 4)−(1, 3, 4)−(1, 3, 2)−(1, 4, 2)−(1, 4, 2, 3)−(1, 4, 3, 2)−(1, 3, 4, 2)−(1, 3, 2, 4)−
(1, 2, 4, 3) − (1, 2, 3, 4) − (1, 4) − (1, 2) − (2, 4) − (2, 3) − (1, 3) − (3, 4) − (1, 2, 3)
Thus showing that if RG is Hamiltonian, then G need not be an nn-group.
Paul Erdös, posed the following problem in 1975 [9]: Let G be a group whose
non-commuting graph has no infinite clique. Is it true that the clique number of
Γ(G) is finite? Neumann [9] answered positively Erdös question. The dual question
of Erdös on non-nilpotent graphs may be posed as the following.
Question 3.17. Let G be a group whose non-nilpotent graph has no infinite independent sets. Is it true that the independence number of G, α(G) is finite?
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The answer is no in general. Consider the disjoint union of cyclic groups of odd
order C := {Z/pZ | p an odd prime}. By a theorem of A. Yu. Ol’shanskii (see [10,
Theorem 35.1]), there exists an odd integer n for which this collection of groups can
be embedded into a countable 2-generated simple group G such that every proper
subgroup of G either is cyclic of order dividing n or is conjugate to a subgroup of
a group from C.
Clearly G is non-nilpotent, but every proper subgroup of G is cyclic of finite odd
prime order. Since each group from C is a subgroup of G, one sees that there is no
bound on the orders of the cyclic subgroups.
We show in the next theorem that the answer to the above question is yes in
some cases.
Theorem 3.18. Let G be a non-weakly nilpotent group whose non-nilpotent graph
has no infinite independent sets. If nil(G) is a subgroup and G is an Engel, locally
finite, locally solvable or a linear group or a 2-group, then G is a finite group. In
particular α(G) is finite.
Proof. If x ∈ G \ nil(G), then xnil(G) is an independent set of G. Thus nil(G)
is finite. Therefore, the hypothesis is equivalent to the following: Every nilpotent
subgroup of G is finite and thus every abelian subgroup of G is finite. In particular,
every cyclic subgroup of G is finite, so G is periodic. We know that an infinite
locally finite group or an infinite 2-group contains an infinite abelian subgroup (see
[13, Theorem 14.3.7]), and also every periodic locally solvable or linear group is
locally finite. Thus in these case G is finite. Now if G is Engel group, since every
abelian subgroup of G is finite, a result of Plotkin [12, Corollary, p. 55], implies
that G is a finite nilpotent group. This completes the proof.



Proposition 3.19. Let G be an nn-group. Then for every maximal independent
set S, S ∪ nil(G) is a maximal weakly nilpotent subgroup of G.
Proof. We have S ∪ nil(G) ⊂ nilG (x) for all x ∈ S. Since S is maximal and G is
an nn-group, we have
\

nilG (x) = S ∪ nil(G).

x∈S

is a maximal weakly nilpotent subgroup of G.



Remark 3.20. Consider the group
G = hx, y, z | x2 = y 2 = z 3 = (xy)4 = (xz)2 = 1, (yz)2 = (zy)2 , (xy)2 z(xy)2 = z −1 i.
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Then G is not an nn-group. Also I = {x, y, yxzy} is an independent set of RG
and hIi ∼
= G. This shows that a subgroup generated by an independent set may not
be a nilpotent subgroup. Also there exists a maximal independent set S, such that
X ⊆ S. Since the edge set of RG is non-empty, we have S 6= G \ nil(G), showing
that S ∪ nil(G) is not a subgroup of G. So the last proposition cannot, in general,
be improved.

4. Groups with the same non-nilpotent graphs
In this section we consider the non-weakly nilpotent groups with isomorphic
non-nilpotent graphs. Note that if G and H are two groups, then RG ∼
= RH if
and only if there exists a bijective map φ : V (RG ) −→ V (RH ) such that for every
two distinct elements x, y ∈ V (RG ), we have hx, yi is not nilpotent if and only if
hφ(x), φ(y)i is not nilpotent.
We begin the section with the following theorem.
Theorem 4.1. Let G and H be two groups such that RG ∼
= RH . If G is finite
non-nilpotent group, then H is also a finite non-nilpotent group. Moreover |nil(H)|
divides
gcd(|G| − |nil(G)|, |G| − |nilG (x)|, |nilG (x)| − |nil(G)| : x ∈ G \ nil(G)).
Proof. Since RG ∼
= RH , we have |H \ nil(H)| = |G \ nil(G)| and |H \ nil(H)| is
finite. If h ∈ H \ nil(H), then {hx |x ∈ H} ⊂ H \ nil(H), since nil(H) is closed
under conjugation. Thus every element in H \ nil(H) has finitely many conjugates
in H. It follows that K = CH (H \ nil(H)) has finite index in H. Now, RH has
no isolated vertex. Thus there exist two adjacent vertices u and v in RH . Now
if s ∈ K, then s ∈ CH (u, v). It follows that hsu, vi is not nilpotent. Therefore
Ku ⊂ H \ nil(H) and so K is finite. Hence H is a finite non-nilpotent group.
Now since H is finite, it follows that nil(H) is a subgroup of H and so |nil(H)|
divides |H|−|nil(H)|. Since |H|−|nil(H)| = |G|−|nil(G)|, we have |nil(H)| divides
|G| − |nil(G)|. Let x ∈ H \ nil(H) and y ∈ nilH (x). Then, by Lemma 3.13, hx, yzi
is nilpotent for all z ∈ nil(H). Thus nilH (x) = nil(H) ∪ y1 nil(H) ∪ · · · ∪ yn nil(H),
for some yi ∈ H. Therefore |nil(H)| divides |nilH (x)| and so |nil(H)| divides
|H| − |nilH (x)|. Now since RG ∼
= RH , {deg(v) | v ∈ V (RG )} = {deg(v) | v ∈
V (RH )}. But deg(v) = |G| − |nilG (v)| for any v ∈ V (RG ) and deg(v) = |H| −
|nilH (v)| for any v ∈ V (RH ). It follows that |nil(H)| divides |G| − |nilG (x)| for
any x ∈ G \ nil(G). Since |nil(H)| divides |G| − |nil(G)| and |G| − |nilG (x)|, it
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divides |G| − |nil(G)| − (|G| − |nilG (x)|) = |nilG (x)| − |nil(G)|. This completes the
proof.



Proposition 4.2. Let G be a non-weakly nilpotent group such that RG is finite.
Then G is a finite group.
Proof. It follows directly from the first paragraph of the proof of the above theorem.



Proposition 4.3. Let G a finite non-nilpotent group and H be a group. Suppose
∼ RH , then |G| = |H|.
ω(RG ) = 4 and RG =
Proof. Since RG ∼
= RH , by Theorem 4.1, we have H is a finite group. Since
ω(RG ) = 4, we have ω(RH ) = 4 and by [2, Theorem 4.7], we have ∗G ∼
=
Z (G)

S3 ∼
=

H
Z ∗ (H) .

Now,

G
Z ∗ (G)

= hx̄, ȳ | x̄2 = ȳ 3 = 1, x̄ȳx̄ = ȳ −1 i, where x̄ =

xZ ∗ (G), ȳ = yZ ∗ (G), for some x, y ∈ G. Then G = xZ ∗ (G) ∪ yZ ∗ (G) ∪ y 2 Z ∗ (G) ∪
∼ K|Z ∗ (G)|,|Z ∗ (G)|,|Z ∗ (G)|,2|Z ∗ (G)| . SimixyZ ∗ (G) ∪ xy 2 Z ∗ (G) ∪ Z ∗ (G). Thus RG =
larly we can show that RH ∼
= K|Z ∗ (H)|,|Z ∗ (H)|,|Z ∗ (H)|,2|Z ∗ (H)| . Since RG ∼
= RH , we
have |Z ∗ (G)| = |Z ∗ (H)|. Also |G| − |Z ∗ (G)| = |H| − |Z ∗ (H)| and so |G| = |H|.



Proposition 4.4. Let n > 2 be an integer and not a power of 2 and G = D2n . If
∼ RH , for some group H, then |G| = |H| and H contains a nilpotent subgroup
RG =
of index 2.
Proof. It is enough to show that |Z ∗ (G)| = |Z ∗ (H)|. Let n = 2t m, where m is
odd. We have, |nil(G)| = 2t and there exist x, y ∈ G such that |nilG (x)| = 2t m and
|nilG (y)| = 2t+1 . Thus 2t+1 − 2t = |nilH (u)| − |nil(H)| for some u ∈ H \ nil(H).
Thus we find that |nil(H)| divides 2t and so |nil(H)| = 2l for some l ≤ t. Now,
|H| = 2t+1 m − 2t + 2l and 2t+1 m − 2t m = 2t+1 m − 2t + 2l − |nilH (v)| for some
v ∈ H \ nil(H). Therefore |nilH (v)| = m2t − 2t + 2l . Since G is an nn-group,
by Proposition 3.12, we have H is also an nn-group and so m2t − 2t + 2l divides
2t+1 m − 2t + 2l . It follows that 2l (2t−l (m − 1) + 1) divides 2t+1 m − 2t + 2l − 2(m2t −
2t + 2l ) = 2t − 2l . If l 6= t, then 2t m − 2t + 2l - 2t − 2l , which is a contradiction.
Thus l = t and so |G| = |H|.
Now since G has a cyclic subgroup A of order 2m (which is a maximal abelian
subgroup), RG ∼
= RH and |G| = |H|, Proposition 3.19 implies that B = ϕ(A \
nil(G)) ∪ nil(H) is a nilpotent subgroup of order 2m in H, where ϕ is a graph
isomorphism from RG to RH . Clearly B is of index 2 in H, as required.



Lemma 4.5. Let G be a centerless AC-group. Then the non-commuting graph and
the non-nilpotent graph of G are isomorphic.
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Proof. Since Z(G) = nil(G) = 1, we have G \ Z(G) = V (Γ(G)) = V (RG ) =
G \ nil(G). By [2, Lemma 3.6], we have, for x, y ∈ G, hx, yi is not-nilpotent if and
only if x and y do not commute. Thus the result follows.



Proposition 4.6. Let q be a prime power number such that q 2 6≡ 1 mod 16 and
G = P SL(2, q). If RG ∼
= RH , then |G| = |H|. Moreover, if q = 2k , k ≥ 1 and H
is an AC-group, then G ∼
= H.
Proof. Note that |nil(G)| = 1, so it is enough to show that |nil(H)| = 1. By [2,
Lemma 3.9], we have nilG (a) = CG (a) for all non-trivial elements a ∈ G. By [1,
Lemma 3.22], there exist two non-trivial element x, y ∈ G such that |nilG (x)| −
|nilG (y)| = 1. By Theorem 4.1, H is a finite group and |nil(H)| divides 1. Thus
|G| = |H|.
If k = 1, then G ∼
= H. So assume that
= S3 . Since |G| = |H|, we have G ∼
k > 1, then by [1, Proposition 3.21], G is a centerless AC-group and so H is also a
centerless AC-group. Since RG ∼
= RH and both the group are centerless AC-group,
we have, by Lemma 4.5, Γ(G) ∼
= Γ(H). Thus the result follows from [16]. This
completes the proof.



Proposition 4.7. Let G be a non-nilpotent group of order pq, where p and q are
primes with q > p. If RG ∼
= RH for some group H, then |G| = |H|. In particular
∼
G = H.
Proof. The group G is an nn-group with |Z ∗ (G)| = 1 and there exists x ∈ G,
such that |nilG (x)| = q. Thus |Z ∗ (H)| divides q − 1. Suppose |Z ∗ (H)| = l. Then
∼ RH ,
|G| − |Z ∗ (G)| = |H| − |Z ∗ (H)| and thus |H| = pq − 1 + l. Now, since RG =
there exists u ∈ H, such that pq − q = pq − 1 + l − |nilH (u)|. Since nilH (u) is a
subgroup of H, we have |nilH (u)| = l + q − 1 divides pq − 1 + l and thus it divides
pq − q. Since q is a prime, we have, either q | l + q − 1 or q - l + q − 1. Since
l + q − 1 > p − 1, we have q | l + q − 1 and thus q | l − 1. Since l | q − 1, we have
l = 1. Thus |G| = |H|. Since there is only one non-nilpotent group of order pq, up
to isomorphism, we have G ∼

= H.
Proposition 4.8. Let G be a centerless non-nilpotent group of order pqr, where
p, q and r are primes, with p < q < r. Suppose there exists x ∈ G \ {1}, such that
|nilG (x)| = qr. If RG ∼
= RH for some group H, then |G| = |H|.
Proof. Let x ∈ G \ {1}. Then |CG (x)| = p̄ or p̄q̄, where p̄, q̄ ∈ {p, q, r}. If
|CG (x)| = p̄, then CG (x) is abelian. So suppose |CG (x)| = p̄q̄. Then |Z(CG (x))| = p̄
or q̄ or p̄q̄. Thus CG (x)/Z(CG (x)) is cyclic and so CG (x) is abelian. Thus the group
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G is a centerless AC-group and thus by [2, Lemma 3.6], G is an nn-group. It follows
from Proposition 3.12 that H is an nn-group. Given that there exists x ∈ G, such
that |nilG (x)| = qr. Now |Z ∗ (H)| divides pqr − 1. Suppose |Z ∗ (H)| = l. Then
|G| − |Z ∗ (G)| = |H| − |Z ∗ (H)| and thus |H| = pqr − 1 + l. Now, since RG ∼
= RH ,
there exists u ∈ H, such that pqr − qr = pqr − 1 + l − |nilH (u)|. Since nilH (u) is a
subgroup of H, we have |nilH (u)| = l + qr − 1 divides pqr − qr . Since q and r are
primes and qr + l − 1 > (p − 1)q, (p − 1)r, we have, q | l + qr − 1 and r | l + qr − 1.
Thus qr | l − 1. But l | qr − 1. Thus l = 1 and |G| = |H|.



Remark 4.9. The non-nilpotent graph of the following groups,
G = hx, y, x | x3 = y 7 = z 13 = e, zy = yz, x−1 yx = y 2 , x−1 zx = y 3 i,
H = hx, y, x | x3 = y 7 = z 13 = e, zy = yz, x−1 yx = y 4 , x−1 zx = y 3 i,
are isomorphic to a complete 92-partite graph, with 91 partite set of size 2 and
one partite set of size 90. Also {|nilG (x)| | x ∈ G \ nil(G)} = {|nilH (x)| | x ∈
H \ nil(H)} = {3, 7 · 13}. But G  H. So the last proposition cannot be improved.
Remark 4.10. Suppose that G and H are two non-abelian groups. If RG ∼
= RH ,
∼
then RG×A = RH×B , for any two weakly nilpotent groups A and B with the same
order. To see this, suppose ϕ : RG → RH be a graph isomorphism and ψ : A → B
be a bijective map. Then it is easy to see that φ : (g, a) 7→ (ϕ(g), ψ(a)) is a graph
isomorphism between RG×A and RH×B .
We call a non-weakly nilpotent group G an F n-group if for every two elements
x, y ∈ G \ nil(G), such that nilG (x) 6= nilG (y), we have nilG (x) 6⊂ nilG (y) and
nilG (y) 6⊂ nilG (x).
Proposition 4.11. Let G be a non-weakly nilpotent F n-group. If H is a group
∼ RH , then H is also a non-weakly nilpotent F n-group.
such that RG =
Proof. Let x, y ∈ H \ nil(H) and nilH (x) ⊆ nilH (y), then ψ(nilH (x) \ nil(H)) ⊆
ψ(nilH (y) \ nil(H)), where ψ : V (RH ) → V (RG ) is a graph isomorphism. Thus,
since G is an F n-group, we have nilG (ψ(x)) \ nil(G) = nilG (ψ(y)) \ nil(G). It
follows that nilH (x) \ nil(H) = nilH (y) \ nil(H) and so nilH (x) = nilH (y). Thus
H is an F n-group.



5. Genus of non-nilpotent graph
In this section, we study the genus of the non-nilpotent graph RG for a nonweakly nilpotent group G.
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Lemma 5.1. Let G be a finite non-nilpotent group of genus γ. Then |Z ∗ (G)| ≤
√
γ + 1.
Proof. Assume Z = Z ∗ (G). Since G is a finite non-weakly nilpotent group, by
[2, Theorem 4.2], we have ω(RG ) ≥ 4. So there exist u, v, w, x ∈ G \ Z, such that
they are adjacent to each other. Then, by Lemma 3.13, RG [uZ ∪ vZ ∪ wZ ∪ xZ]
is isomorphic to K|Z|,|Z|,|Z|,|Z| . If |Z| =
6 3, then by [19, Theorem 6-42], we have
√
2
γ(K|Z|,|Z|,|Z|,|Z| ) = (|Z| − 1) ≤ γ. Thus |Z| ≤ γ + 1. Also if |Z ∗ (G)| = 3, then
√
K6,6 is a subgraph of K3,3,3,3 . Thus γ(K6,6 ) = 4 ≤ γ and so |Z ∗ (G)| ≤ γ + 1.
This completes the proof.



Remark 5.2. It is easy to see that RD12 ∼
= RQ12 ∼
= K4,2,2,2 = H. Since K4,6
is a subgraph of H and also H is a subgraph of K10 , we have 2 ≤ γ(RD12 ) =
γ(RQ12 ) ≤ 4. Now, A4 is a centerless AC-group and thus by Lemma 4.5, we have
Γ(A4 ) ∼
= RA . Thus, since A4 has five distinct centralizers of size 4, 3, 3, 3, 3, we
4

have RA4 ∼
= K3,2,2,2,2 . It is easy to see that RA4 has 48 edges and 11 vertices.
Thus by [19, Corollary 6-14], we have γ(RA4 ) ≥

48
6

−

11
2

+ 1 = 3.5. Also RA4 is a

subgraph of K11 and so 4 ≤ γ(RA4 ) ≤ 5.
Proposition 5.3. Let G be a finite non-nilpotent group. Then RG is not toroidal.
Proof. Suppose RG is toroidal. By Lemma 5.1, we have |Z ∗ (G)| ≤ 2. We will show
that Z ∗ (G) = 1. Suppose for a contradiction that |Z ∗ (G)| = 2. Let H be a clique of
RG and z ∈ Z ∗ (G) \ {e}. Now, by Lemma 3.13, the induced subgraph RG [zV (H)]
is a clique of RG , where V (H) is the vertex set of H. Then H and RG [zV (H)]
are two distinct cliques of RG . Now the subgraph K = H ∪ RG [zV (H)] has two
components. Since K is a subgraph of RG , we have 1 = γ(RG ) ≥ γ(K) = γ(H) +
γ(RG [zV (H)]) = 2γ(K|V (H)| ). It follows that |V (H)| ≤ 4 and so ω(RG ) ≤ 4. By [2,
Theorem 4.2] we have ω(RG ) = 4 and by [2, Theorem 4.7] we have G/Z ∗ (G) ∼
= S3 .
Thus |G| = 12 and G ∼
= Q12 or D12 . Now by Remark 5.2, we get a contradiction.
Thus Z ∗ (G) = 1.
Next we will show that for all g ∈ G, order of g is either 1 or 2 or 3. Suppose
for a contradiction that there exists g ∈ G, such that ◦(g) ≥ 5. Then there exist
x, y ∈ G, such that hg 2 , xi and hg, yi are not nilpotent. If ◦(g) = 6, then let
H = {g, g 2 , g 4 , g 5 } and L = xH ∪ {x}; otherwise H = {g, g i1 , g i2 , g i3 }, where ij > 1
and gcd(◦(g), ij ) = 1 and L = yH ∪ {y}. Then the induced subgraph RG [H ∪ L]
is isomorphic to K4,5 , which is a contradiction. Suppose there exist g, h ∈ G, such
that ◦(g) = ◦(h) = 4 and g 6= h, h−1 . Then there exist x, y ∈ G, such that hg 2 , xi
and hh2 , yi are not nilpotent. Let H = {g, g 2 , g 3 } and L = {h, h2 , h3 }. Then the
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induced subgraph RG [H ∪ xH] and RG [L ∪ yL] are disjoint and are isomorphic to
K3,3 , which is a contradiction. Thus G has no element of order 4, since Z(G) = 1.
Thus for all g ∈ G, order of g is either 1 or 2 or 3.
Let H and K be the union of all the 2−elements and 3−elements of G, respectively. Let x ∈ H and y ∈ K. Then,

S3
hx, yi ∼
=
Q
12

if ◦(xy) = 2,
if ◦(xy) = 3.

Thus hx, yi is not nilpotent and so K|H|,|K| is a subgraph of RG [H ∪ K].
Let G2 and G3 be a Sylow 2-subgroup and a Sylow 3-subgroup of G, respectively.
Note that not both G2 and G3 are normal, otherwise the group is abelian. Suppose
G2 is normal in G. Then G3 is not normal in G. Suppose |G2 | = 2. Then yxy −1 = x
for x ∈ G2 \{1} and so G2 ≤ Z(G) = {1}, a contradiction. So |G2 | ≥ 4 and |H| ≥ 3.
So the number of Sylow 3-subgroup of G is at least 4. Thus |K| ≥ 8 and K3,8 is a
subgraph of RG . But γ(K3,8 ) > 1, a contradiction. Thus G2 is not normal in G.
Suppose for a contradiction that |G2 | ≥ 8. Let P1 , P2 and P3 be three distinct
Sylow 2−subgroups of G. Let U = (P1 ∩P2 )∪(P2 ∩P3 )∪(P1 ∩P3 ) and Q1 = P1 \U ,
Q2 = P2 \ U and Q3 = P3 \ U . Now for any x, y ∈ (P1 ∪ P2 ∪ P3 ) \ {1}, we have
◦(xy) = 2 or 3. If ◦(xy) = 2, then x and y commute and if ◦(xy) = 3, then hx, yi ∼
=
S3 . Thus nilPi (x) = CPi (x). Now, for x ∈ Qi and i 6= j, if CPj (x) = Pj , then
hx, Pj i is a 2-group and |Pj | < |hx, Pj i|, which is absurd. Therefore CPj (x) 6= Pj .
Thus deg(x) ≥ |Pr \ nilPr (x)| + |Ps \ nilPs (x)| ≥ 4 + 4 = 8, where r, s ∈ {1, 2, 3} \ {i}
and r 6= s. Now, consider the subgraph S = RG [(P1 ∪ P2 ∪ P3 ) \ U ]. Then each
vertex of S has degree at least 8 and S has genus at most 1. Now by [20, Proposition
2.1], we get a contradiction.
Since G2 is not normal in G, the number of Sylow 2-subgrops is at least 3. It
follows that |H| ≥ 3 and since RG is toroidal, we have γ(K|3|,|K| ) ≤ 1. Therefore
|K| = 2 and |G3 | = 3. Therefore |G2 | ≤ 12. The only centerless group of order less
than or equal to 12 are S3 , D10 and A4 and by Remark 5.2 and Proposition 5.6,
A4 and D10 are not toroidal. On the other hand, by [2, Theorem 6.1], the group
S3 is planar. This completes the proof.



We need the following result in the sequel.
Proposition 5.4. Let G be a group whose non-commuting graph of G is of genus
γ, where γ is a non-negative integer. Then G is a finite group and |G| and |Z(G)|
satisfy the inequality, (|G| − 12)(|G| − |Z(G)|) ≤ 24γ − 24. Thus the number of
groups up to isomorphism whose non-commuting graph is of genus γ is finite.
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Figure 1. Embedding of the non-commuting graph Γ(D10 ) on a
double torus.
Proof. Let C be a clique of Γ(G). Let H be a finite subset of C. Thus H is of
genus at most γ. If γ = 0, thenj|H| ≤ 4. kTherefore by [18, Proposition 6.3.25,],
√
we have |H| = ω(H) ≤ χ(H) ≤ 7+ 1+48γ
= h. Therefore every clique of Γ(G)
2
contain at most h elements and thus G/Z(G) is a finite group, by main result of
[11]. Next we show that Z(G) is finite. Let Z ⊂ Z(G), such that |Z| < ∞. Since
G is a non-abelian group, there exist x, y ∈ G, such that xy 6= yx. Consider the
induce subgraph T by the set Zx ∪ Zy. Thus T is of genus at most γ. Now for
∼
any z1 , zl2 ∈ Z, we have
m z1 x does not commute with z2 y. Thus T = K|Z|,|Z| and
γ(T ) = (|Z|−2)(|Z|−2)
≤ γ. Thus Z(G) is finite and therefore G is a finite group.
4
.
Let n = |V (Γ(G))|. Now by [20, Proposition 2.1], we have δ(Γ(G)) ≤ 6 + 12γ−12
n
So there exists x ∈ G, such that deg(x) ≤ 6+ 12γ−12
. We have deg(x) = |G\CG (x)|.
n
Thus |G| ≤ 6 + 12γ−12
+ |CG (x)|. Note that n = |G| − |Z(G)| and |CG (x)| ≤ |G|/2.
n
12γ−12
+ |G|
Therefore |G| ≤ 6 + |G|−|Z(G)|
2 and so (|G| − 12)(|G| − |Z(G)|) ≤ 24γ − 24.



We need the following result in the sequel.
Proposition 5.5. Let G be a non-abelian group and Γ(G) is double-toroidal. Then
G is isomorphic to D10 , Dic12 or D12 . Moreover, the non-commuting graph of D10
is double-toroidal.
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Proof. Suppose that Γ(G) is double-toroidal. Putting γ = 2 in the inequality
of Proposition 5.4, we get |G| ≤ 14. Now by [1, Proposition 2.3], we have nonabelian group of order less than or equal to 8 are planar. Thus |G| = 10, 12 or
14. Now groups of order 10, 12 or 14 are D10 , Dic12 , A4 , D12 and D14 . Suppose
Γ(G) ∼
= A4 . Then n = |V (Γ(G))| = 11. Now by [20, Proposition 2.1], we have
12γ−12
n

≤ 7. But for all v ∈ V (Γ(G)), we have deg(v) ≥ 8, which is
a contradiction. Thus A4 is not double-toroidal. Suppose Γ(G) ∼
= D14 . Then n =

δ(Γ(G)) ≤ 6 +

|V (Γ(G))| = 13. Now by [20, Proposition 2.1], we have δ(Γ(G)) ≤ 6 +

12γ−12
n

≤ 6.

But for all v ∈ V (Γ(G)), we have deg(v) ≥ 7, which is a contradiction. Thus D14
is not double-toroidal.
The non-commuting graph D10 is isomorphic to K4,1,1,1,1,1 . Let the partite sets
of K4,1,1,1,1,1 be {a, b, c, d}, {p}, {q}, {r} and {s}. Then, the graph K4,1,1,1,1,1 can
be embedded on a double torus as shown in figure 1. Thus, D10 is double-toroidal.
This completes the proof.



Proposition 5.6. Let G be a centerless AC-group which is not weakly nilpotent.
Then RG is double-toroidal if and only if G ∼
= D10 .
Proof. It follows from Lemma 4.5 and Proposition 5.5.



6. Clique number and chromatic number of some group
Proposition 6.1. Let G be a finite non-nilpotent nn-group. Then χ(RG ) is equal to
the minimum number of nilpotent subgroups of G whose union is G. Also ω(RG ) ≤
χ(RG ) ≤ |G : nil(G)|.
Proof. Let k be the minimum number of nilpotent subgroups of G whose union is
G and suppose G is covered by nilpotent subgroups N1 , . . . , Nk . Then the vertices
of RG in Ni are independent. It follows that χ(RG ) ≤ k. Now assume that χ =
χ(RG ). Thus there exist χ maximal independent subsets M1 , . . . , Mχ of vertices of
RG whose union is G \ nil(G). It follows from Proposition 3.19 that the subgroup
generated by hMj , nil(G)i is a nilpotent subgroup of G, for each j. Clearly G is
covered by these χ nilpotent subgroups, so χ ≥ k.
It is clear that for any graph Γ, χ(Γ) ≥ ω(Γ). If |G : nil(G)| = m then G =
m

∪ ai nil(G) for some a1 , . . . , am ∈ G. By Lemma 3.13(i), Zi := hai , nil(G)i is

i=1

nilpotent for each i and so G is covered by m nilpotent subgroups Z1 , ..., Zm . So
the first part, implies that χ(RG ) ≤ |G : nil(G)|. This completes the proof.



Proposition 6.2. Let G be a non-nilpotent finite nn-group. Then ω(RG ) = χ(RG ).
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Proof. Assume ω = ω(RG ) and χ = χ(RG ). Let x1 , . . . , xω be a maximal clique
in RG . Thus each xi is an element of G \ nil(G) and so nilG (xi ) is nilpotent. It is
ω

easy to see that G = ∪ nilG (xi ). Now Proposition 6.1 implies that ω = χ.
i=1



Proposition 6.3. Let q be a prime power number such that q 2 6≡ 1 mod 16. Then


q 2 + q + 1




21
ω(RP SL(2,q) ) =

5




4

if q > 5,
if q = 4 or 5,
if q = 3,
if q = 2.

Proof. Let G = P SL(2, q), then Z(G) = 1. By [2, Lemma 3.9], we have nilG (a) =
CG (a), for all non-trivial elements a ∈ G. Thus it follows that ΓG ∼
= RG . Thus the
proof follows from [1, Lemma 4.4].



Proposition 6.4. Let G = Sz(22m+1 ) be the Suzuki group over the field with 22m+1
elements, m > 0. Let q = 22m+1 . Then ω(RG ) = χ(RG ) = q 4 + q 2 + 1.
Proof. The result follows from Proposition 3.7 and Proposition 6.2.
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REDUCED ZERO-DIVISOR GRAPHS OF POSETS
DEIBORLANG NONGSIANG∗ AND PROMODE KUMAR SAIKIA

Communicated by Dariush Kiani
Abstract. This paper investigates properties of the reduced zero-divisor graph of a poset. We show that
a vertex is an annihilator prime ideal if and only if it is adjacent to all other annihilator prime ideals and
there are always two annihilator prime ideals which are not adjacent to a non-annihilator prime ideal. We
also classify all posets whose reduced zero-divisor graph is planar or toroidal and the number of distinct
annihilator prime ideals is four or seven.

1. Introduction
Let Q be a non-empty subset of a poset P . If there exists y ∈ Q such that y ≤ x for every x ∈ Q,
then y is called the least element of Q. The least element of P , if exists, is usually denoted by 0.
Let P be a poset with least element 0. An element x ∈ P is called a zero-divisor of P if there exists
y ∈ P × := P \ {0} such that the set L(x, y) := {z ∈ P | z ≤ x and z ≤ y} = {0}. We denote the set of
zero-divisors of P by Z(P ) and write Z(P )× := Z(P ) \ {0}. Given x ∈ P , the annihilator of x in P is
defined to be the set ann(x) := {y ∈ P | L(x, y) = {0}}. Given x, y ∈ P , set x ∼ y if ann(x)=ann(y).
Clearly, ∼ is an equivalence relation in P . Let [x] denote the equivalence class of x ∈ P . Observe
that [x] ⊆ Z(P )× , [y] = P \ Z(P ) and [0] = {0} , for all x ∈ Z(P )× and y ∈ P \ Z(P ). The reduced
zero-divisor graph of P denoted by ΓE (P ) is the graph with all equivalence classes of the elements of
Z(P )× as vertex set and two vertices [x] and [y] are adjacent if and only if L(x, y) = {0}. This graph
has been studied extensively in [3].
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Keywords: poset, reduced zero-divisor graph, annihilator prime ideal.
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In this paper, we demonstrate how this graph helps in identifying annihilator prime ideals that satisfy
the ascending chain condition for its proper annihilator ideals. We also classify all posets with planar or
toroidal reduced zero-divisor graph and number of annihilator prime ideals is four or seven.
2. Prerequisites
In this section, we put together some well-known concepts, most of which can be found in [2, 4, 5, 6].
We begin by recalling some of the basic terminologies from the theory of graphs. Needless to mention
that all graphs considered here are simple graphs, that is, without loops or multiple edges. Let G be a
graph and x, y ∈ V (G), the vertex set of G. Then, x and y are said to be adjacent if x ̸= y and there is
an edge x − y between x and y. A walk between x and y is a sequence of adjacent vertices, often written
as x − x1 − x2 − · · · − xn − y. A walk between x and y is called path if the vertices in it are all distinct. If
in a path x − x1 − x2 − · · · − xn − y, x and y are adjacent in G, then the walk x − x1 − x2 − · · · − xn − y − x
is called a cycle. The number of edges in a walk (counting repeats), path or a cycle, is called its length.
The distance between x and y, denoted by d(x, y), is the number of edges in a shortest path between x
and y. The length of the shortest cycle in a graph G is called girth of G and denoted by girth(G). The
largest distance among all distances between pairs of the vertices of a graph G is called the diameter
of G and is denoted by diam(G). A graph G is called connected if for any vertices x and y of G there
is a path between x and y. Otherwise, G is called disconnected. The neighborhood of a vertex x in a
graph G, denoted by nbd(x), is defined to be the set of all vertices adjacent to x while the degree of x
in G, denoted by deg(x), is defined to be the number of vertices adjacent to x. The minimum degree of
G will be denoted by δ(G). If deg(x) = 1, then x is said to be an end vertex in G. A graph G is said
to be complete if there is an edge between every pair of distinct vertices in G. We denote the complete
graph with n vertices by Kn . Given a graph G, let U be a nonempty subset of V (G). Then the induced
subgraph of G on U is defined to be the graph G[U ] in which the vertex set is U and the edge set consists
precisely of those edges in G whose endpoints lie in U .
A chord of a cycle in a graph is an edge of the graph which does not lie in the edge set of the cycle
but whose endpoints lie in the vertex set of the cycle. A chordless cycle of a graph is a cycle without any
chord. A cycle of a graph, embedded on a surface, is called contractible with respect to the embedding
if it can be contracted continuously on the surface to a point. A cycle of a toroidal graph is said to be
flat if it is contractible in every torus embedding of the graph. Given a cycle C of a graph G, we write
G − C to denote the graph obtained from G by deleting the vertices of C and the edges of the graph
incident to the vertices of C.
The genus of a graph G, denoted by γ(G), is the smallest non-negative integer n such that the graph
can be embedded on the surface obtained by attaching n handles to a sphere. Graphs having genus zero
are called planar graphs, while those having genus one are called toroidal graphs.
Proposition 2.1. [9, Corollary 6-14] If G is a connected graph with p number of vertices and q number
of edges, p ≥ 3, then, γ(G) ≥ 6q − p2 + 1. Furthermore, equality holds if and only if a triangular embedding
can be found for G.
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Theorem 2.2. [9, Theorem 6-38] γ(Kn ) =

49

⌈ (n−3)(n−4) ⌉
, n ≥ 3.
12

A subdivision of an edge x − y in a graph is a path x − x1 − x2 − · · · − xn − y obtained by inserting
some new vertices x1 , x2 , . . . , xn into the edge x − y. A subdivision of a graph G is the result of some
subdivisions of the edges of G. Furthermore, every graph can be considered as a subdivision of itself.
A remarkably simple characterization of planar graphs was given by Kuratowski in 1930. Kuratowski’s
Theorem [2, Page 153] says that a graph is planar if and only if it contains no subdivision of K3,3 or K5 .
As a consequence of Kuratowski’s Theorem, one has the following result.
Theorem 2.3. [8, Theorem 2.1] If a cycle C of a toroidal graph G is such that G − C is nonplanar,
then C is flat in G. Further, if flat C is chordless and G − C is connected, then C is a flat face in any
torus embedding of G.
Next we turn to partially ordered sets. A non-empty set is said to be a partially ordered set (in short,
a poset) if it is equipped with a partial order, that is, a reflexive, anti-symmetric and transitive binary
relation. It is customary to denote a partial order by ‘≤’.
By an ideal of P we mean a non-empty subset I of P such that y ∈ I whenever y ≤ x for some x ∈ I.
We say that the ideal I is proper if I ̸= P . For x ∈ P , ann(x) is an ideal of P . Note that x ∈
/ ann(x)
for all x ∈ P × . A proper ideal p of P is called a prime ideal of P if for every x, y ∈ P , L(x, y) ⊆ p
implies that either x ∈ p or y ∈ p. A prime ideal p of P is said to be an annihilator prime ideal if there
exists x ∈ P such that p = ann(x). Two annihilator prime ideals ann(x) and ann(y) are distinct if and
only if L(x, y) = {0} (see [7, Lemma 2.3]). We write Ann(P ) to denote the set of all annihilator prime
ideals of P . There is a natural injective map from Ann(P ) to the vertex set of ΓE (P ) given by p 7→ [y]
where p = ann(y). As a result, we will slightly abuse terminology and refer to [y] as an annihilator prime
ideal. We denote the set of all annihilator prime ideals which are adjacent to a vertex [x] in ΓE (P ) by
anbd([x]) (the annihilator neighborhood of [x] in ΓE (P )) and the set of all the vertices of ΓE (P ) which
are adjacent to m number of annihilator prime ideals by Vm .
Let P be a poset. We say that P is a poset with ACC for annihilators if the ascending chain condition
holds for its annihilator ideals, that is, if there is no infinite strictly ascending chain in the set A :=
{ann(x) | x ∈ P × } under set inclusion. Equivalently, P is a poset with ACC for annihilators if and only
if every non-empty subset of A has a maximal element. Thus, if P is a poset with ACC for annihilators,
then A has a maximal element and every element of A is contained in a maximal element of A. We
denote the set of all maximal elements of A by Max(A).
Throughout the paper by a poset P we mean a non-trivial poset with least element 0, Z(P )× ̸= ∅ and
with ACC for annihilators.

3. properties of the reduced zero-divisor graph
In this section, we study some properties of the reduced graph of the zero-divisor graph of a poset.
We begin with the following lemma.
http://dx.doi.org/10.22108/toc.2018.55164.1417
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Lemma 3.1. Let P be a poset. If x, y ∈ P with x ≤ y, then for every z ∈ P , we have L(x, z) ⊆ L(y, z)
and so ann(y) ⊆ ann(x).
Proof. This is straightforward (see also [1, Lemma 3.2, part (d)]).

□

Theorem 3.2. Let P be a poset with |Ann(P )| = n, where n ∈ N. Let [p], [q] ∈ V (ΓE (P )). Then the
following assertions hold:
(1) [p] ∈ Vn−1 , if and only if ann(p) ∈ Ann(P ).
(2) [p] ∈ Vi , 1 ≤ i ≤ n − 2 if and only if ann(p) is not an annihilator prime ideal.
(3) |anbd([p]) ∩ anbd([q])| ≤ n − 4 and |anbd([p]) ∪ anbd([q])| = n if and only if [p] and [q] are
adjacent and both ann(p) and ann(q) are not annihilator prime ideals.
Proof. Let Ann(P ) = {[v1 ], [v2 ], . . . , [vn ]}.
(a) Suppose ann(p) ∈ Ann(P ). Then by [3, Proposition 11, part(a)], we have, [p] ∈ Vn−1 . Conversely,
suppose [p] ∈ Vn−1 . Suppose [p] is not an annihilator prime ideal. Without any lost of generality, we can
assume that anbd([p]) = {[v1 ], [v2 ], . . . , [vn−1 ]}. Now, L(p, vn ) ̸= {0}, implies that there exists y ∈ P ×
such that y ≤ p and y ≤ vn . Therefore, ann(p) ⊆ ann(y) and ann(vn ) ⊆ ann(y). By [3, Proposition 9],
we have ann(vn ) ∈ Max(A) and so ann(y) = ann(vn ). Thus, since [p] is not an annihilator prime ideal,
we have ann(p) ⊊ ann(vn ). This further implies that there exists z ∈ P × , such that z ∈ ann(vn ), but
z∈
/ ann(p). Hence, L(z, p) ̸= {0} and therefore there exists w ∈ P × , such that w ≤ p and w ≤ z. Thus,
vn ∈ ann(z) ⊆ ann(w) and vi ∈ ann(p) ⊆ ann(w), for all i ∈ {1, 2, . . . , n − 1}. Now, by [3, Proposition
9], we have, ann(w) ⊆ ann(vj ), for some j. Since, vi is an element of ann(w) for every i ∈ {1, 2, . . . , n},
we have, L(vj , vj ) = {0} and thus vj = 0, which is a contradiction to the fact that vj ∈ Z(P )× .
(b) Follows from part (a), [3, Proposition 12] and [3, Proposition 11, part(c)].
(c) Suppose |anbd([p]) ∩ anbd([q])| ≤ n − 4 and |anbd([p]) ∪ anbd([q])| = n. By part (a), we have
both [p] and [q] are not annihilator prime ideals. Suppose [p] and [q] are not adjacent. Then, there exists
z ∈ P × such that z ≤ p and z ≤ q. Thus, ann(p) ⊆ ann(z), ann(q) ⊆ ann(z) and z ∈ Z(P )× . Hence,
[z] ∈ Vn . Which is a contradiction to part (a) and part (b).
Conversely, suppose [p] and [q] are adjacent and ann(p), ann(q) are not annihilator prime ideals.
Suppose [p] is not adjacent to [vi ]. Let w ∈ L(p, vi ) and w ̸= 0. Then w ≤ p and w ≤ vi . Thus
ann(p) ⊆ ann(w) and ann(vi ) ⊆ ann(w). Now, by [3, Proposition 9], we have ann(w) = ann(vi ) and so
q ∈ ann(p) ⊂ ann(vi ). Therefore p or q ∈ ann(vi ) for all i ∈ {1, 2, . . . , n}. Thus |anbd([p]) ∪ anbd([q])| =
n. Now, by part (b) we have, [p], [q] ∈ Vi , 1 ≤ i ≤ n − 2, that is |anbd([p])|, |anbd([q])| ≤ n − 2.
Since, n = |anbd([p]) ∪ anbd([q])| = |anbd([p])| + |anbd([q])| − |anbd([p]) ∩ anbd([q])|, implies that
|anbd([p]) ∩ anbd([q])| ≤ n − 4.

□

As an immediate consequence we have the following result.
Corollary 3.3. Let P be a poset with |Ann(P )| = n, where n ∈ N. Let [p], [q] ∈ V (ΓE (P )). Then the
following assertions hold:
(1) If anbd([p]) = anbd([q]), then [p] = [q].
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(2) |anbd([p])| = 1 if and only if [p] is an end vertex.
(3) If |anbd([p])| = 2, then deg([p]) = 2 or 3.
Proof. If [p] is an annihilator prime ideal, then [q] is also an annihilator prime ideal. Since any two
annihilator prime ideals are adjacent, we have [p] = [q]. If [p] is not an annihilator prime ideal, then [q]
is also not an annihilator prime ideal. Then, by Theorem 3.2, part (c), any vertices which is adjacent to
[p] is also adjacent to [q] and vice versa. Hence using [3, Proposition 4], the assertion (a) follows.
Part (b) and (c) follow from Theorem 3.2.

□

Proposition 3.4. Let P be a poset with |Ann(P )| < ∞ and Ann(P ) ⊊ V (ΓE (P )). Then, for any
[x] ∈ Ann(P ), we have deg([x]) > δ(ΓE (P )).
Proof. Suppose to the contrary that deg([x]) = δ(ΓE (P )), for some [x] ∈ Ann(P ). Suppose there exists
[v] ∈ V (ΓE (P )) \ Ann(P ), such that [x] and [v] are not adjacent. Let V be the set of all vertices which
are adjacent to [v] and are not annihilator prime ideal. By Theorem 3.2, we have |anbd([x])| = n − 1
and |anbd([v])| ≤ n − 2. Now, for any [z] ∈ V , by Theorem 3.2, we have |anbd([v]) ∪ anbd([z])| = n
and thus it follows that L(x, z) = {0}. Therefore deg([x]) ≥ n − 1 + |V | and deg([v]) ≤ n − 2 + |V |,
which is a contradiction. Thus, we can assume that L(v, x) = {0} for any [v] ∈ V (ΓE (P )) \ Ann(P ).
Let m = |V (ΓE (P )) \ Ann(P )|. Then deg([x]) = n − 1 + m and deg([v]) ≤ n − 2 + m, which is again a
contradiction. This completes the proof.

□

We denote the induced subgraph of ΓE (P ) by the set Vn−2 by ΓE (P )[Vn−2 ], where n = |Ann(P )|. From
now onwards, in this paper, if |Ann(P )| = n, then we denote the elements of Ann(P ) by v1 , v2 , . . . , vn .
In view of Corollary 3.3, we denote a vertex, which is not an annihilator prime ideal, not an end vertex
and adjacent to annihilator prime ideal vi1 , vi2 , . . . , vim by vi1 ,i2 ,...,im .
Lemma 3.5. Suppose x, y ∈ Vn−2 , x is not adjacent to vi1 and vi2 and y is not adjacent to vi3 and vi4 .
Then x and y are adjacent if and only if i1 , i2 ̸∈ {i3 , i4 }.
Proof. Follows directly from Theorem 3.2.

□

Proposition 3.6. Let P be a poset with ACC for annihilators and |Ann(P )| = n.
Then girth(ΓE (P )[Vn−2 ]) ∈ {3, 4, 5, 6, ∞}.
Proof. Suppose girth(ΓE (P )[Vn−2 ]) ̸∈ {3, 4, 5, ∞}. Let x1 − x2 − · · · − xm − x1 be a cycle in ΓE (P )[Vn−2 ]
of length greater than or equal to 6. Since x1 is adjacent to x2 and xm and also x2 and xm are not
adjacent, we can assume that x1 is not adjacent to v1 and v2 , x2 is not adjacent to vn−1 and vn and thus
xm is not adjacent to vn and vj , where j ̸∈ {1, 2, n − 1}. Suppose x3 is not adjacent to vr and vs . Now,
x3 is adjacent to x2 and not adjacent to x1 and xm and so r, s ̸∈ {n − 1, n}, r ∈ {1, 2} and s ∈ {n, j}. It
follows that r = 1 and s = j. Using a similar argument, we can show that x4 is not adjacent to v2 and
vn . Now, using the fact that x5 is adjacent to x4 and not adjacent to x1 , x2 and x3 , we see that x5 is
not adjacent to v1 and vn−1 . It follows that any annihilator prime ideal is adjacent to at least one of x5
or xm . Thus, by Theorem 3.2, we have x5 and xm are adjacent. This completes the proof.
http://dx.doi.org/10.22108/toc.2018.55164.1417
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Proposition 3.7. Let P be a poset with ACC for annihilators and |Ann(P )| = n. If ΓE (P )[Vn−2 ] is
connected, then diam(ΓE (P )[Vn−2 ]) ≤ 4.
Proof. Let x, y ∈ Vn−2 . Suppose x = x1 − x2 − · · · − xm = y is a shortest path in ΓE (P )[Vn−2 ] of length
greater than or equal to 5. Then, we can assume that x1 is not adjacent to v1 and v2 , x2 is not adjacent
to vn−1 and vn . Then x3 is not adjacent to v1 and vj , where j ̸∈ {1, 2, n − 1, n}, x4 is not adjacent to v2
and vn and x5 is not adjacent to v1 and vn−1 . Now, x6 is adjacent to xi , where i ∈ {1, 2, 3, 4}, which is
a contradiction. Thus d(x, y) ≤ 4 and hence diam(ΓE (P )[Vn−2 ]) ≤ 4.

□

Proposition 3.8. Let P be a poset with ACC for annihilators and |Ann(P )| = n. If ΓE (P )[Vn−2 ] has a 3
or 5-cycle, then ΓE (P )[Vn−2 ] is connected. Moreover, if girth(ΓE (P )[Vn−2 ]) = 3, then diam(ΓE (P )[Vn−2 ]) ≤
3.
Proof. Let x1 − x2 − x3 − x1 be a 3-cycle. Then, by a similar argument as in the proof of Proposition 3.6,
we can show that, if x1 is not adjacent to v1 and v2 , x2 is not adjacent to vn−1 and vn , then x3 is not
adjacent to vi and vj , where i, j ̸∈ {1, 2, n − 1, n}. Then any vertex y ∈ V (ΓE (P )[Vn−2 ]) \ {x1 , x2 , x3 }
will be adjacent to one of the xi . It follows that ΓE (P )[Vn−2 ] is connected and diam(ΓE (P )[Vn−2 ]) ≤ 3.
In a similar way we can show that if ΓE (P )[Vn−2 ] has a 5-cycle, then any vertex which is not in the given
cycle is adjacent to one of the vertex in the cycle. Thus it follows that ΓE (P )[Vn−2 ] is connected.

□

4. Genus of the reduced zero-divisor graphs
Consider a poset P with |Ann(P )| ≥ 4 and an embedding of the graph G induced by the set V (ΓE (P ))\
V , where V = {[x] | deg([x]) ≤ 2}. It is obvious that any end vertex can be put on the surface without
disturbing the genus of G. Also if deg([v]) = 2, then by Corollary 3.3, we have [v] ∈ V2 and thus can
be put on the surface along the edge form by the two annihilator prime ideals, in which [v] is adjacent.
Thus any vertex [v] with deg([v]) = 2 can be put on the surface without disturbing the genus of G.
Thus the genera of G and ΓE (P ) are same. Therefore, from now onward, all poset with |Ann(P )| ≥ 4,
consider in this section are without vertex of degree less than or equal to 2.
Theorem 4.1. Let P be a poset. Then ΓE (P ) is planar if and only if one of the following conditions
holds:
(1) |Ann(P )| = 2 or 3.
(2) |Ann(P )| = 4 and V (ΓE (P )) = Ann(P ).
Proof. Suppose |Ann(P )| = 2. Then by [3, Proposition 18], we have |V (ΓE (P ))| = 2 and hence ΓE (P )
is planar.
Suppose |Ann(P )| = 3. Then by [3, Proposition 18], we have |V (ΓE (P ))| ≤ 2|Ann(P )| − 2 = 6.
Therefore, in view of Theorem 3.2 and Corollary 3.3, three vertices are annihilator prime ideals and are
adjacent to each other and the rest are end vertices. Thus ΓE (P ) is planar.
Suppose |Ann(P )| = 4 and V (ΓE (P ) = Ann(P ). Thus |V (ΓE (P ))| = 4 and ΓE (P ) is planar.
Conversely, Suppose |Ann(P )| ≥ 5, then by Theorem 3.2, K5 is a subgraph of ΓE (P ) and hence ΓE (P )
is not planar.
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Suppose |Ann(P )| = 4 and there exists [v] ∈ V2 with deg([v]) = 3. Then, there exists a vertex [w]
which is not an annihilator prime ideal and adjacent to [v]. By Theorem 3.2, [w] ∈ V2 and the induced
subgraph of ΓE (P ) by the set Ann(P ) ∪ {[v], [w]} is a subdivision of K5 . Thus by Kuratowski’s theorem,
□

ΓE (P ) is not planar.

Proposition 4.2. Let P be a poset with |Ann(P )| = 4. If Ann(P ) ⊊ V (ΓE (P )), then ΓE (P ) is toroidal.
Proof. In view of Theorem 3.2, without any lost of generality, we can assume that
V (ΓE (P )) = Ann(P ) ∪ {v1,2 , v3,4 , v1,3 , v2,4 , v1,4 , v2,3 }.
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Figure 1. Embedding of the reduced zero-divisor graph ΓE (P ) on a torus.
By Theorem 4.1, ΓE (P ) is not planar. Now the graph can be embed on a torus as shown in figure 1.
□

Therefore ΓE (P ) is toroidal.

Proposition 4.3. Let P be a poset, |Ann(P )| = 7 and there exists [v] ∈ ΓE (P ) such that |anbd(v)| = 4
or 5. Then ΓE (P ) is not toroidal.
Proof. Let G be the induced subgraph of ΓE (P ) by the set Ann(P ) ∪ {[v]}. For the graph G, m ≥ 25
and n = 8, where m and n denote the number of edges and vertices, respectively. Therefore, γ(G) ≥
m
6

−

n
2

+ 1 > 1. Hence ΓE (P ) is not toroidal.

□

Proposition 4.4. Let P be a poset, |Ann(P )| = 7. If |V3 | > 14, then ΓE (P ) is not toroidal.
Proof. Suppose ΓE (P ) is toroidal. Let vi,j,k ∈ V3 . Then by Theorem 2.3, each of the cycle (vi , vi,j,k , vk ),
(vi , vi,j,k , vj ) and (vj , vi,j,k , vk ) are flat faces in any torus embedding of ΓE (P ). Hence the number of faces
is greater than or equal to 3k, where k = |V3 |. Now, by Euler’s formula, we have, 7 + k − 21 − 3k + r = 0,
which implies r = 14 + 2k < 3k, a contradiction. Hence ΓE (P ) is not toroidal.

□

Theorem 4.5. Let P be a poset with |Ann(P )| = 7. Suppose V4 = V5 = ∅ and |V3 | ≤ 14. Then,
ΓE (P ) is toroidal if and only if distinct vertices of V3 get attached to distinct faces of an embedding of
K7 forming triplets of vertices.
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Proof. Suppose ΓE (P ) is toroidal. Observe that the induced subgraph of ΓE (P ) by the set Ann(P )
is isomorphic to K7 . Let [v] ∈ V3 . Let H be the induced graph on {v} ∪ Ann(P ). Then H is
toroidal and has 8 vertices and 24 edges. Now, by Euler’s formula, H has 24 − 8 = 16 faces. Without any lost of generality, we can assume that [v] = v123 . By Theorem 2.3, each of the three cycles
([v], v1 , v2 ), ([v], v2 , v3 ), ([v], v1 , v3 ) are flat faces in any torus embedding of H. Now, K7 has 14 faces and
if (v1 , v2 , v3 ) is not a face in the embedding of K7 , then the number of faces in H becomes 14 + 3 = 17,
a contradiction. Hence (v1 , v2 , v3 ) is a face. Hence all the vertices of V3 get attached to distinct faces of
an embedding of K7 forming triplets of vertices. The converse is trivial.

□
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Abstract: Background: In the recent times, organo-nano catalysis has emerged as a growing field in
catalytic science with widespread applications in organic synthesis. In the present article, we have focused on the preparation of an organo-nano catalyst and its application in the synthesis of pyranopyrazole derivatives.
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Method: The catalyst was fabricated by the functionalization of vitamin B1 on silica coated ferrite
(Fe2O3@SiO2) nanoparticles and was characterized by different analytical techniques viz., FT-IR,
TGA, TEM, SEM, EDX, VSM and powder XRD. This organo-nano catalyst was employed for the
one-pot synthesis of pyranopyrazole derivatives from aromatic aldehyde / isatin, malononitrile, hydrazine hydrate and ethyl acetoacetate in water-ethanol mixture at room temperature stirring condtion.
Results: A library of pyranopyrazole derivatives was synthesized by using a simple, efficient and environmentally benign protocol. The products obtained were pure with considerably higher yields (8798%). The catalyst was easily retrieved from the reaction mixture and reused up to six runs without
any significant decrease in its catalytic activity.
Conculsion: A simple eco-friendly method, mild reaction conditions, high product yields, short reaction times, easy catalyst recovery and recyclability make this synthetic approach an efficient and sustainable protocol.

Keywords: Condensation reaction, heterocylces, heterogeneous catalysis, magnetic nanoparticles, one pot multicomponent
reaction, organo-nano catalyst, pyranopyrazoles, recyclability.
1. INTRODUCTION
In the recent years, organocatalysis has emerged as a
powerful synthetic paradigm to synthesize medicinally important organic molecules because of its biodegradability,
commercial availability, low toxicity, operational simplicity
etc. Literature survey shows that a number of organocatalysts such as baker’s yeast [1], L-proline [2], chitosan
[3], meglumine [4], thiamine hydrochloride [5] etc. have
been employed in various organic transformations.
Modern synthetic trend has recently shifted towards more
sustainable approaches avoiding the use of hazardous and
expensive reagents/catalysts. Nanoparticles have emerged as
green catalysts [6] in organic synthesis. Recent reports [7, 8]
clearly indicate that the use of nanoparticles (NPs) as catalysts has surpassed many barriers in the fields of organic
synthesis.
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Although homogeneous organocatalysis is considered to
be a sustainable strategy in organic transformations, it does
have some demerits like high catalyst loading, catalyst recyclability and difficulty in the work-up procedure. To resolve
these issues, the organo moiety is immobilized on the magnetic nanoparticles. These functionalized magnetic nanomaterials are inexpensive and function as highly efficient
heterogeneous catalyst due to greater surface-to-volume ratio. In recent times, a number of organic transformations
have been carried out using such functionalized nanocatalysts [13-15].
Pyranopyrazoles are one of the privileged heterocyclic
scaffolds which exhibit various important biological properties viz., anti-tumor [9], anti-cancer [10], anti-oxidant [11],
anti-inflammatory [12] and also serve as potential inhibitors
of human Chk1 kinase [13]. Owing to the wide spectrum of
the biological applications of pyranopyrazole derivatives,
researchers are instigated to develop their improved synthetic
protocols. Although literature reports suggest a number of
methodologies for their synthesis using the catalysts such as
Amberlyst A21 [14], [Bmim]OH [15], L-Proline [16], Meglumine [17], BF3/MNPs [18], [Ni(L)(mimi)] [19], MorT
© 2018 Bentham Science Publishers
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Scheme 1. Preparation of pyranopyrazole derivatives using catalytic amount of Fe2O3@SiO2@Vit.B1 NPs under room temperature stirring
condition.
Table 2.

Screening of model reaction.

Catalyst

Condition

Solvent

Time (min.)

Yield* (%)

Vitamin B1

R.T.

H2 O

15

75

Glutathione

R.T.

H2 O

15

37

Vitamin B1

Ultrasound

H2 O

15

80

No Catalyst

R.T.

H2O

60

17

Fe2O3-NPs

R.T.

H2 O

15

47

Fe2O3@SiO2-NPs

R.T.

H2 O

15

64

R.T.

H2 O

15

85

FSV NPs

**

FSV NPs**

Ultrasound

H2 O

15

92

FSV NPs

**

R.T.

CH3OH

15

80

FSV NPs

**

R.T.

CH3CN

15

58

FSV NPs**

R.T.

C2H5OH

15

84

**

R.T.

H2O-C2H5OH

15

96

FSV NPs

**

*Isolated yield, R.T.=Room Temperature, FSV NPs = Fe2O3@SiO2@Vit.B1 NPs, Reaction conditions: ethyl acetoacetate (1 mmol), hydrazine hydrate (1 mmol), benzaldehyde (1
mmol), malononitrile (1 mmol), amount of catalyst = 8 mg.

[20], BSA [21], ZnO [22], FeNi3-SiO2-HPG [23], SBA-PrNH2 [24], TrCl [25] etc., some of them suffer from drawbacks viz., difficulty in catalyst recyclability, lower yields,
longer reaction times, conventional heating (reflux), involvement of complicated purification procedure etc.

2. RESULTS AND DISCUSSION
2.1. Reaction Scheme
In continuation of our ongoing research [26, 27] on the
development of green methodologies for multicomponent
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Fig. (1). Optimization of catalyst loading with respect to yield of 5a.

synthesis, we report herein a synthetic approach towards 1,4dihydropyrano[2,3-c]pyrazole and spiro[indoline-3,4'-pyrano
[2,3-c]pyrazole derivatives using vitamin B1 supported on
Fe2O3@SiO2 NPs as the catalyst (Scheme 1).

the catalyst did not produce any significant increase in the
yield of the product. Thus, 6 mg was found to be the optimum catalyst amount required to give the maximum yield of
5a (96%) (Fig. 1).

2.2. Optimization of Reaction Conditions

Owing to the magnetic property of the organo-nano catalyst, its separation was easy and efficient (> 98%), thus minimizing the loss of the catalyst during the work-up procedure. After the completion of the reaction, the catalyst was
removed using an external magnet, washed with ethanol,
dried and reused without any significant loss of its activity
(up to six runs) (Fig. 2).

In order to optimize the reaction conditions for the synthesis of pyranopyrazole derivatives, a model reaction was
chosen involving ethyl acetoacetate, hydrazine hydrate, benzaldehyde and malononitrile. Various catalysts were studied
for the synthesis of 5a and it was observed that vitamin B1
was suitable for catalyzing the reaction to give the desired
product (Table 2). However, owing to the homogeneous nature of the catalyst, it suffered a setback in terms of its recyclability. So, we employed vitamin B1 functionalized
Fe2O3@SiO2 NPs as an organo-nano catalyst for the aforementioned synthesis where the issue of recyclability was
resolved and the reaction efficiency as well as the greenness
of the entire synthetic protocol was taken up to a new level.
Initially, the model reaction was studied in aqueous medium. Since the yield of the product (5a) was low (75%), we
carried out the same reaction in ethanol and found that the
product yield increased to 85%. Next, the model reaction
was performed in water-ethanol mixture (3:1) and a substantial increase in the product yield was observed (96%). Solvents such as methanol and acetonitrile were also studied but
they produced lower yields (Table 2).
Furthermore, the model reaction was also carried out to
investigate catalyst loading and reusability of the catalyst
with respect to the yield of 5a.
In order to optimize the amount of the catalyst, six sets of
reactions were performed. Catalyst-free reaction produced
negligible yield of the desired product even after a prolonged
reaction time. As the amount of the catalyst was increased
from 2 to 6 mg, it was observed that the yield of the product
also increased. However, further increasing the amount of

In the plausible mechanism (Scheme 2), vitamin B1 supported on Fe2O3@SiO2 nanoparticles coordinates with carbonyl oxygen and nitrile nitrogen thus increasing the electrophilic character of the respective carbons for facile nucleophilic attack. In the presence of Fe2O3@SiO2@Vit. B1 NPs,
the reaction between ethyl acetoacetate and hydrazine hydrate affords pyrazolone (A), which then undergoes enolisation to form B. The arylidene nitrile (C) formed through the
Knoevenagel condensation of malononitrile and aromatic
aldehyde reacts with B via Michael addition, resulting in the
formation of intermediate (I). Finally, I undergoes cyclization followed by tautomerization to give the desired product.
2.3. Compound Characterization
The formation of the desired products was confirmed by
various analytical data such as melting point, FT-IR, 1H
NMR, 13C NMR and mass spectra.
The FT-IR spectrum of 5d showed an absorption peak at
2193 cm-1 which is attributed to the stretching frequency of CN group. The absorption peak at 3478 cm-1 can be attributed to the -NH stretching. Another absorption peak at 752 cm1
was observed which corresponds to the C-Cl stretching.
The 1H NMR spectrum of 5d displayed four singlets at 12.15
ppm (1H, -NH), 6.95 ppm (2H, -NH2) 4.61 ppm (1H, -CH)
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Fig. (2). Reusability plot of the catalyst with respect to the yield of 5a.
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Fig. (3). FT-IR spectrum of Fe2O3@SiO2@Vit.B1 NPs.

and 1.78 ppm (3H, -CH3) besides two doublets at 7.5 (J = 8.0
Hz, 2H) and 7.13 (J = 8.0 Hz, 2H). In the 13C NMR spectrum,
a peak at 119.72 ppm was observed which can be attributed
to the presence of nitrile carbon. Another important peak was
observed at 56.60 ppm which can be assigned to the methyl
carbon at C-3 of the desired product 5d. The mass spectrum
of 5d exhibited the molecular ion peak at m/z 287 (M+1)
which further confirms the formation of the product.
The FT-IR spectrum of 6a showed absorption peak at
2183 cm-1 which corresponds to the stretching frequency of CN group. Absorption peaks at 3387 cm-1 and 3338 cm-1 can
be correlated to the -NH stretching frequencies. The carbonyl
absorption peak appeared at 1596 cm-1 which is much lower
than expected. This can be attributed to the delocalization of
nitrogen lone pair with the C=O group. The 1H NMR spectrum of 6a displayed three singlets at 12.28 ppm (1H, -NH),
10.60 ppm (1H, -NH) and 1.51 (s, -CH3). The 13C NMR
spectrum of 6a displayed a peak at 177.99 ppm which clearly indicated the presence of a carbonyl carbon. Another peak
was observed at 55.10 ppm which validated the presence of
the methine carbon.
The optimized reaction condition was extended to the
various substituted aromatic aldehydes which gave the desired products in excellent yields (Table 2). A decrease in
product yield was observed in the case of aromatic aldehydes
containing electron donating substituents as compared to the
unsubstituted benzaldehydes and aromatic aldehydes with
electron withdrawing substituents. Aliphatic aldehydes did
not produce appreciable yields as compared to aromatic ones
and hence are not reported. Furthermore, in order to explore
the scope of this method, we investigated the reaction of
isatin/substituted isatin, ethyl acetoacetate, hydrazine hydrate
and malononitrile to spiro pyrazole compounds under the
optimized reaction condition. The reactions proceeded well
affording the desired products in 15 minutes.

2.4. Catalyst Preparation and Characterization
Fe2O3@SiO2@Vitamin B1 NPs were prepared as per our
previously reported method [27]. The surface morphology
and the characteristics of the prepared organo-nano catalyst
were studied by various analytical techniques such as FT-IR,
TEM, SEM, EDS, VSM and powder XRD.
The Fourier Transform Infrared (FT-IR) spectrum (Fig. 3)
of the prepared Fe2O3@SiO2@Vit.B1 NPs showed characteristic peaks at 635 cm-1, 796 cm-1, 1074 cm-1, 2929 cm-1, 3370
cm-1 and 3392 cm-1 which indicate the immobilization of
vitamin B1 on the surface of Fe2O3@SiO2 NPs.
The Transmission Electron Microscope (TEM) images of
the synthesized NPs showed the presence of prominent coated layers (Fig. 4a-b).
The surface morphology of the prepared Fe2O3@SiO2
@Vit.B1 NPs was also investigated using Scanning Electron
Microscopy (SEM) (Fig. 4c-d).
The powder XRD peaks at 30.37°, 35.62°, 43.44°, 53.87°,
57.44°, 62.97° correspond to the 220, 311, 400, 422, 511,
440 planes of Fe2O3 NPs (Fig. 5).
The vibrating sample magnetometry (VSM) analysis
suggested that the prepared organo-nano catalyst was superparamagnetic in nature whose saturation magnetization was
observed to be 25.77 emu/g.
The EDS analysis (Fig. 6) showed that apart from Fe and
O, the nanoparticles contained Si, Cl, C, N, S etc., which
confirms the presence of vitamin B1 in the catalyst sample.
Thermo-Gravimetric Analysis (TGA) showed that considerable weight loss takes place at three distinct places in
the thermogram. 2% weight loss at around 100°C can be
attributed to the desorption of absorbed water molecules
from the organo-nano catalyst. 5.5% weight loss at around
220°C and 370°C can be accounted for the decomposition of
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Fig. (4). TEM images (4a, 4b) and SEM images (4c, 4d) of Fe2O3@SiO2@Vit.B1 NPs.

Fig. (5). Powder XRD pattern of Fe2O3@SiO2@Vit.B1 NPs.

the organo moiety from the surface of Fe2O3 NPs. Through
this analysis, vitamin B1 content present on Fe2O3@SiO2 was
evaluated to be 0.2 mmol g-1.
2.5. Analytical Data of Selected Compounds
6-amino-3-methyl-4-phenyl-2,4-dihydropyrano[2,3-c]
pyrazol-5-carbonitrile (5a), Yield: 96%; colour: white solid;

m.p.: 242-244°C; IR (KBr)/ν (cm-1): 3458, 3265, 2194, 1651,
1609, 1397, 1011, 747; 1H NMR (DMSO-d6, 400 MHz) δ
(ppm): 12.10 (s, 1H), 7.31-7.17 (m, 5H), 6.89 (s, 2H), 4.58 (s,
1H), 1.77 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm):
160.58, 155.96, 154.69, 135.48, 134.72, 128.41, 120.90,
115.06, 98.02, 57.69, 9.72.
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Fig. (6). (a-b). EDS spectra of the prepared catalyst.
Table 3.

Fe2O3@SiO2@Vit.B1 NPs catalyzed synthesis of pyranopyrazole derivatives.
Melting Point (°C)

Entry

Aldehyde/Isatin

Product

Time (min.)

Yield* (%)
Found

Reported

5a

15

90

242-244

243-245[22]

5b

15

93

179-181

178-180[28]

5c

15

96

194-195

196-198[28]

(Table 3) contd….
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Melting Point (°C)
Entry

Aldehyde/Isatin

Product

Time (min.)

Yield* (%)
Found

Reported

5d

15

95

236-237

233-235[22]

5e

15

98

218-219

220-222[29]

5f

15

96

240-242

241-242[25]

5g

15

94

222-223

223-224[17]

5h

15

96

247-248

248-249[17]

5i

15

92

248-250

250-252[28]

5j

15

93

209-211

210-212[17]

5k

15

94

230-232

230-231[17]

5l

15

93

245-247

245-246[17]

(Table 3) contd….

158

Current Organocatalysis, 2018, Vol. 5, No. 2

Rahman et al.
Melting Point (°C)

Entry

Aldehyde/Isatin

Product

Time (min.)

Yield* (%)
Found

Reported

5m

15

87

175-177

174-176[30]

5n

15

93

197-200

198-200[31]

6a

15

95

277-278

278-280[24]

6b

15

94

275-276

273-274[17]

6c

15

93

281-282

283-284[24]

6d

15

93

281-282

282-283[17]

* Isolated yield
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Fig. (7). ORTEP image of 5n (CCDC 1548724).

C10

C14
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6-amino-4-(4-bromophenyl)-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile (5b), Yield: 96%; colour:
white solid; m.p.: 179-181°C; IR (KBr)/ν (cm-1): 3478, 3233,
2194, 1649, 1528, 1399, 1054, 750; 1H NMR (DMSO-d6,
400 MHz) δ (ppm): 12.13 (s, 1H), 8.199 (d, J = 6.4 Hz, 2H),
7.454 (d, J = 6.4 Hz, 2H), 6.98 (s, 2H), 4.74 (s, 1H), 1.70 (s,
3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm): 160.86,
143.85, 135.65, 135.65, 131.19, 129.33, 128.79, 128.41;
123.85, 56.67, 9.69; ESI-MS: 331 (M+1), 333 (M+3).
6-amino-4-(4-cyanophenyl)-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile (5c), Yield: 96%; colour:
white solid; m.p.: 194-195°C; IR (KBr)/ν (cm-1): 3485, 3235,
2189, 1642, 1492, 1411, 1056, 749; 1H NMR (DMSO-d6,
400 MHz) δ (ppm):11.95 (s, 1H), 7.55 (d, J = 8 Hz, 2H),
7.13 (d, J = 8 Hz, 2H), 6.79 (s, 2H), 4.50 (s, 1H), 1.53 (s,
3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm): 161.08,
154.64, 150.01, 135.77, 132.56, 128.55, 120.51, 118.76,
109.58, 96.59, 55.94, 9.67; ESI-MS: 278 (M+1).
6-amino-4-(4-chlorophenyl)-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile (5d), Yield: 96%; colour:
off-white solid; m.p.: 236-237°C; IR (KBr)/ν (cm-1): 3478,
3232, 2193, 1650, 1516, 1399, 1010, 752; 1H NMR (DMSOd6, 400 MHz) δ (ppm): 12.15 (s, 1H), 7.5 (d, J = 8.0 Hz, 2H),
7.13 (d, J = 8.0 Hz, 2H), 6.95 (s, 2H), 4.61 (s, 1H), 1.78 (s,
3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm): 160.87,
154.65, 143.86, 135.65, 131.33, 129.70, 120.64, 119.72,
97.08, 9.71; ESI-MS: 287 (M+1).
6'-amino-3'-methyl-2-oxo-2'H-spiro[indoline-3,4'-pyrano[2,3-c]pyrazole]-5'-carbonitrile (6a), Yield: 95%; colour:
white solid; m.p.: 277-278°C; IR (KBr)/ν (cm-1): 3387, 3338,
3135, 2183, 1712, 1584, 1471, 1408, 1054, 699; 1H NMR
(DMSO-d6, 400 MHz) δ (ppm): 12.28 (s, 1H), 10.60 (s, 1H),
7.23-7.22 (m, 3H), 7.02-6.98 (m, 2H), 6.90 (d, J = 8.0 Hz,
1H), 1.51 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm):
177.99, 162.42, 155.22, 141.45, 134.68, 132.63, 128.86,
124.48, 122.48, 118.71, 109.63, 95.35, 55.10, 9.91.
6'-amino-3'-methyl-5-nitro-2-oxo-2'H-spiro[indoline-3,
4'-pyrano[2,3-c]pyrazole]-5'-carbonitrile (6b), Yield: 94%;
colour: white solid; m.p.: 275-276 oC; 1H NMR (DMSO-d6,
400 MHz) δ (ppm): 12.30 (s, 1H), 11.26 (s, 1H), 8.12 (d, J =
8.0 Hz, 1H), 7.31 (s, 2H),7.04-7.01 (m, 2H), 1.96 (s, 3H),
1.46 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm):
178.44, 162.65, 155.16, 147.75, 142.96, 134.95, 133.70,
126.27, 120.15, 118.44, 110.15, 93.94, 53.75, 9.05.
6'-amino-5-bromo-3'-methyl-2-oxo-2'H-spiro[indoline3,4'-pyrano[2,3-c]pyrazole]-5'-carbonitrile (6c), Yield: 93%;
colour: white solid; m.p.: 281-282°C; IR (KBr)/ν (cm-1):
3348, 3140, 2182, 1712, 1644, 1413, 1052, 691; 1H NMR
(DMSO-d6, 400 MHz) δ (ppm): 12.24 (s, 1H), 10.66 (s, 1H),
7.32 (s, 2H),7.30 (d, J = 8.0 Hz, 1H), 7.20-6.75 (m, 2H),
1.96 (s, 3H), 1.46 (s, 3H); 13C NMR (DMSO-d6, 100 MHz)
δ (ppm): 177.56, 162.47, 140.75, 135.08, 134.72, 131.74,
127.29, 118.62, 114.16, 111.69, 94.66, 54.41, 9.01.
6'-amino-3',5-dimethyl-2-oxo-2'H-spiro[indoline-3,4'pyrano[2,3-c]pyrazole]-5'-carbonitrile (6d), Yield: 93%;
colour: white solid; m.p.: 281-282°C; 1H NMR (DMSO-d6,
400 MHz) δ (ppm): 12.16 (s, 1H), 10.38 (s, 1H), 7.10 (s, 2H),
6.92 (d, J = 8.0 Hz, 1H), 6.73-6.66 (m, 2H), 2.10 (s, 3H),
1.42 (s, 3H); 13C NMR (DMSO-d6, 100 MHz) δ (ppm):
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177.93, 162.36, 155.18, 138.94, 134.69, 132.81, 131.39,
129.14, 124.91, 118.79, 109.35, 95.45, 55.23, 20.54, 8.96.
3. EXPERIMENTAL
3.1. Materials
All the chemicals used in the synthesis were purchased
from Alfa Aesar, Sigma-Aldrich & Merck and were used
without further purification. The purity of the prepared compounds were confirmed through infrared (FT-IR), 1H-NMR,
13
C-NMR and mass spectra. FT-IR spectra were recorded in
KBr pellets on a Perkin Elmer Spectrum 400 FT-IR instrument and the frequencies are expressed in cm-1. 1H-NMR
and 13C-NMR spectra were recorded on a Bruker Avance II400 spectrometer in DMSO-D6. Mass spectral data were
obtained with a Waters ZQ-4000 (ESI) mass spectrometer.
Single crystal XRD data were obtained with an XcaliburEos-Gemini instrument and powder XRD analysis was conducted with an X'Pert Pro instrument. Powder XRD analysis
was conducted with a GNR analytical instrument (EXPLORER). VSM analysis was carried out in Lakeshore,
model: 7410 series instrument. All reactions were monitored
by thin layer chromatography (TLC) using pre-coated aluminum sheets (silica gel 60 F 254 0.2 mm thickness) and
developed in an iodine chamber. The TEM images were captured using a transmission electron microscope of JEM-2100
make, 200 kV (JEOL). SEM and EDS imaging were carried
out with scanning electron microscope of JSM-6360 (JEOL)
make.
3.2. General Procedure for the Synthesis of 1,4 Dihydropyrano[2,3-c]pyrazole/spiro[indoline-3,4'pyrano[2,3c]pyrazole Derivatives
In a 50 mL round bottom flask, aromatic aldehyde (1
mmol)/ isatin (1 mmol), malononitrile (1 mmol), hydrazine
hydrate (1 mmol), ethyl acetoacetate (1 mmol), Fe2O3@
SiO2@Vit.B1 NPs (6 mg), and 10 mL of the deionized waterethanol mixture (3:1) were taken and vigorously stirred at
room temperature for 15 minutes. Upon completion of the
reaction (monitored by TLC), the reaction mixture was diluted with water and the nanoparticles were recovered using an
external magnet. The mixture was filtered and washed several times with water and the solid product obtained was recrystallized from hot ethanol.
CONCLUSION
In summary, we have developed a convenient and practical synthetic protocol of 1,4-dihydropyrano[2,3-c]pyrazole/
spiro[indoline-3,4'-pyrano[2,3-c]pyrazole derivatives based
on the four component condensation of aromatic aldehyde/
isatin, malononitrile, hydrazine hydrate and ethyl acetoacetate. The use of vitamin B1 supported on Fe2O3@SiO2 NPs
as a reusable heterogeneous catalyst makes this protocol
mild, convenient and environmentally benign. This method
offers interesting advantages such as (i) high purity of desired products (ii) short reaction times (iii) cost effectiveness
and (iv) excellent yields. Moreover, avoidance of toxic organic solvents, usage of safe and recyclable nano-catalyst
makes this present synthetic protocol comparatively greener
approach.
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Editorial
Dear Friends,
Everyone in the world is aware of Corona
virus (COVID-19). It started from China in
December 2019 and it spreads like a viral
WhatsApp message. The previous day of my
writing these lines, Italy registered 250 deaths
within 24 hours. It is reported that so far Corona
Virus has infected 1,38,000 in 130 countries and
killed over 5500 globally including above 3000 in
China and above 1800 in Italy. WHO has declared
Europe as its epicenter. India is also affected
badly because of the affected ones from abroad
and they are the cause of spreading it. New Delhi
reports today that the first Corona casualty is a 68
year old lady who was infected from his son who
visited Italy. Some are justifying the Corona virus
as nothing compared to the deadly Spanish Flu of
1918 that killed between 50 to 100 million people
globally and 14 m. Indians exactly a century ago.
Consequently most of the schools, colleges, clubs,
theatres and even transport systems are closed,
and sports and cultural meetings are banned.
People everywhere are on alert.
As Educationalists, the readers of New
Frontiers in Education, are also on alert. We
are teaching others, both by our lives and the
curricular transactions. As it is reported the
Corona virus is a man made product. Are we
teaching our children to be agents of death and
threat to human lives? It is supposed to have
come out of a human made lab. Are our labs
to be epicenters of death and anxiety? How are
we to redesign our education? Can we create a
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brotherhood of love and concern to the other? I
remember one of my 9th class students created
a computer virus and came to me happily to
demonstrate its working. I told him to create
positive things and not destructive ones. Then
he said that he would create an antivirus and sell
it in the market to get money. Is the product
of our education’s super value money? Can we
do anything to make money? Is our education
directing us to decide the destiny of our times?
At this juncture you read this journal. It
carries a humane message of mutual support. It
must lead us to a genuine conviction that all of
us are precious gifts of God who has created us as
precious as the other. He has given us intelligence
and talents to help each other. Hence, all of us
are to consider each other as our most loving
brother or sister. In Paradise God created man
and declared that it is not good for the man to
be alone. I will make a suitable companion to
help him” (Genesis 2,18). The articles in this
journal lead us to that conviction of universal
brotherhood and altruism that each one is to
promote the well being of the other. Let us forgive
the harm caused by the inventors of such viruses.
Let us reflect how our curricular transactions
and labs turn out to be positive research centres
and global development sources rather than
breeding sources for sadists who cause troubles
and destruction.
The first joint article by Dr. Sarah Thomas
and Prof. Dr. Marry Kutty is a research study on
Emotional Intelligence as a precursor of academic
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achievement. All our education should lead us
to an emotional attachment to one another. The
pre-service training is to prepare future teachers
as creators of a global culture of love and service.
Education helps us to develop the 5 domains of
Emotional Intelligence including Self Awareness,
Emotional Management, Self Motivation,
Empathy and Handling relationships. What a
sublime implication of education to shape the
skills of students to manage their emotions,
resolve conflicts amicably and assist them to be
responsible!
The co-authors Dr. Reshmi, Shimitha
Thomas and Dr. Sr. Celene Joseph CMC
bring us to “Making Conceptual Change,
Predierr Model, a New Strategy”. It focuses on
conceptual change as an innovative model to
implement change. The students are capable of
generating new knowledge through the learning
environment causing conceptual change. The
Predierr model is developed as an absolute,
inclusive and comprehensive model for the role
of models in succeeding effective conceptual
change. Conceptual change is the development
of basically new concepts during the process
of knowledge acquisition, by restructuring the
elements of existing concepts. It involves the
kind of learning that goes beyond mere capturing
of new concepts, rather revising one’s specific
beliefs and restructuring the very concepts used
to formulate those beliefs. Conceptual change
theories are based on Piaget-Vygotsky’s theory of
Constructivism and Schon’s theory of Reflective
practices. Conceptual change is restructuring
of existing ideas and adopting of new ideas.
The conditions for conceptual change are: (i)
dissatisfaction with existing conception, (ii)
intelligibility, (iii) plausibility and (iv) fruitfulness
of the new concept.
Dr. Gilson John presents Mentorship as a new
Approach in Formation and Training. Mentoring
is a process of smooth transition of experiences
from the top to a learner by way of counseling,
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therapy, experience sharing, guidance, advices,
motivating influences and the like. There are Peer
mentoring, Career mentoring, Life mentoring,
Reverse mentoring, Self mentoring, Situational
mentoring, Diversity mentoring, Knowledge
Transfer mentoring, Induction mentoring,
Developmental mentoring and the like that can be
adopted by a mentor as per the individual needs
and satisfaction in life. There are different models
of mentoring like the cloning model, nurturing
model, friendship model and apprenticeship
model. The role of a mentor could be termed as
learning consultant, coach, counselor, advisor,
role model, relationship manager and even as a
critical friend.
Dr. Jemimah Winston in her article on
“Higher Education for Rural Youth with Urban
Opportunities” brings us to reflect on the modern
technological advances as a character formation
opportunity.
She advocates using higher
education as a means to develop an integral
personality by way of Head, Hand and Heart
assimilation, thus making life to be in harmony
with the whole universe and its developments.
The rural urban divide in India should not be a
block but a means of enhancing skill development
for all. All the challenges in the rural areas should
be made an opportunity through digital media.
Dr. Sushma Agarwal and Madhu Shrivastava
have an article on “Pedagogy, Instructional
Strategies and Effective Teaching”. It advocates
the principle that effective teaching necessitates
making difficult and principled choices, exercising
careful judgment, and honouring the complex
nature of the educational mission by upholding
the learning objectives. The primary mission is
to foster the development of skills, dispositions
and understanding, while acknowledging
thoughtfully and responsibly a wide range of
human needs and conditions. Effective teachers
use an array of teaching strategies because there
is no single, universal approach that suits all
situations. Different strategies are used in different
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combinations with different groups of students to
improve their learning outcomes. Instructional
strategies boost student learning process. The
Pedagogical approaches can be teacher centered,
learner centered or knowledge centered.
Dr. Sreevrinda Nair takes us to “Innovative
Pedagogy for Incredible Capabilities”. Innovation
refers to the creation of better or more effective
products, processes, technologies, or ideas that
are accepted by those in charge of education like
teachers, administrators, and parents. Some of
the innovative practices in learning are learning
through discussions and questioning, incidental
learning, embodied learning, context based
learning, cross over learning, adaptive learning
and the like. Thus teachers and students relate
together in the class rooms to groom the latter’s
integral personality and to grow as global citizens
committed to the welfare of all.
Dr. Debasis Acharya, Dr. P. P. Singh and
Dr. Aparna Dutta in an article on “Geological
Setting, Hydrological and Chemical Characters
of Thermal Springs around Attri and Tarabola of
Odisha with their Utilization Potential” bring us
to the internal energy of the earth. The geothermal
energy is outlined in the form of heat, water, gas
source and mineral components. Thermal springs
at Attri and Tarabalo of Odisha are aligned
invariably in specific tectonic lineament of the
region and related to structural breaks. They
are mostly confined within the periphery of the
Gondwanagraben of Odisha. The heating process
has been influenced by geothermal gradient,
decay of radioactive materials and exothermic
reactions. The associated gaseous phase is related
to the decay of radioactive elements and organic
matter. Regional geological investigation around
the thermal spring areas of Odisha leads to
decipher the broad structural framework and
to establish their relationship to the geothermal
activity. These are mainly confined to crystalline
schist or granite gneissic terrain of Eastern Ghat
Supergroup or Iron Ore Supergroup. Geothermal
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energy will reduce the atmospheric emissions of
various polluting gases and particulate matter
to avert global climatic change. The springs in
non-volcanic regions get heat from rise of geoisotherms or penetration of water to greater
depth.
Dr. B. Jishamol leads us to the “Role of
Annie Besant in Women Empowerment” as an
example of spending the energy and talents for
the welfare of other beings. She is an example
for the concern for the other, especially for
the fair half of the population. Though Annie
Besant has many achievements to her credit
like being a Social Reformer, a Political activist
and an advocate of birth control, education and
franchise for women, this paper focuses on her
role in empowering the women of India. She
believed that women empowerment could be
attained through education. Hence she focused
on female education. She supported single and
widowed women. Besant insisted on Women’s
professional training, and wanted to train Girls
to be “the heads of happy households, and lights
of their homes”. In 1917 when she visited Madras
she requested for Indian Self Government and so
demanded franchise for women.
The next two articles from literature leads us
to reflect on how literature encourages humane
dealings and fosters fraternal feelings. Dr.
Longnam W. Kharpuri expounds T. S. Eliot’s “The
Waste Land”. This exposition aims to illustrate
how Eliot appropriated the pagan vegetative
myths along with the Grail myth to bring the
reader of the poem to identify with the Christian
understanding of ‘Salvation’ as something not
only Christian but also predating the beginnings
of Christianity. Looking at the mythic workings
within the poem one can see that the essential
character of the poem is modeled on the myth of
King Arthur and the Holy Grail. The myth speaks
of the inextricable link of the human world, its
activities, failures, and successes to the world of
nature and its elements.
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Dr. Darlene P. A. Sawian in “The Warrior
Spirit” sheds light on the Spirit of honour, courage,
loyalty and chivalry which intimately knows the
benefits of sacrifice. It is embedded in different
cultures and finds its greatest expression when
there is an intrusion from a foreign element.
History reveals that warriors who have embraced
this spirit are invoked to fight with all their might
and main to defend what is theirs, to right the
wrongs, to serve justice and to safeguard their land.
Life can be defined as a balance of energies. There
is light and darkness, life and death, domination
and submission, creation and destruction. The
pre-dominance of one over the other creates a
disharmony of the whole. Throughout the pages
of history, we have seen warriors fighting against
injustice and defending their land from foreign
invasions. Wars have been fought and heroes
are born. Their valiant and courageous deeds
inspire people even today and for ages to come.
Contemporary society suffers from the pain of
the wounded, the loss of innocence, the unheard
voice of the helpless and the disintegration of
values. There is an utter sense of hopelessness and
helplessness when we observe the world around
us. The sense of frustration that has given birth
to this conscience-dead and spiritually arid world
has made us delve deep into our very purpose of
existence.
A Book Review Section is introduced
with the Book of Dr. T. K. Oommen, the
internationally famous retired Professor of JNU.
His book “Trials, Tribulations and Triumphs: Life
and times of a Sociologist” reviewed by Prof. Dr.
George Thadathil, is an asset to Indian Literature.
It is neither an autobiography nor a pure memoire
of institutional life but rather a combination
of the biographical trajectory of an individual
within the institutional spaces he has occupied.
In and through the narration in 12 chapters
in part I titled as “Torments of Sociology” and
another 10 chapters in part 2 titled as “Beyond
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Sociology” and five appendices, T. K. Oommen
traces what an individual could contribute to the
development of a field of knowledge within its
intellectual trajectory, in his case, sociology, in
India and to some extent globally. He traces his
own academic journey, from ‘entering sociology’
and passing through ‘tumultuous path to a PhD’
and how he enters the ‘academic and political
milieu of JNU’ and narrates how ‘the social
and academic formation of the Centre for the
Study of Social Systems’ took root. ‘The Global
Studies Programme’ (chapter 15) was a fall out
of the international connections built during the
Presidentship of ISA and came to benefit students
and faculty in JNU(India), KNU(South Africa)
and ALU(Freiburg, Germany).
All these articles are selected with a broader
perspective of education becoming a force
among students to be altruistic and to form their
talents and skills with a positive outlook for
global progress. Each one is a precious gift to
be a complimentary agent of development with
positive energy and enthusiasm to encourage and
promote each other.
As I edit and publish this issue as my last
contribution to AIACHE and to the Readers
of NFE, I wish that a new generation come out
of our educational institutions with a humane
touch and altruistic sentiments. Let all of us be
filled with mutual concern and positive energy.
Let all of us radiate light and strength to support
humanity. Thanks to all of you who supported
and strengthened me and request you to extend
the same to the new Chief Editor.
As a result of the epidemic and the
consequent lockdown, we are forced to bring two
issues together as Vol. 52, No. 4 & Vol. 53, No. 1.
Kindly excuse us. Subscription difference will be
adjusted in future payment.
- The Editor-in-Chief
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Emotional Intelligence as a Precursor of
Academic Achievement
Dr. Sarah Thomas,
Assistant Professor,
St. Ann’s College of Education
(Autonomous),
S. D. Road, Secunderabad - 500 003

Prof. Dr. Marry Kutty P. J.
Principal,
St. Ann’s College of Education
Autonomous),
S. D. Road, Secunderabad – 500 003

Abstract
The present study investigates teacher trainees’
Emotional Intelligence as a precursor of their
academic achievement. The data of this research
was collected using the questionnaire “Emotional
Intelligence Test” which elicits information on the
five domains of Emotional Intelligence, namely, Self
Awareness, Emotional Management, Motivating
oneself, Empathy and Handling relationships.
The Teacher trainees’ Academic achievement in
terms of their Semester end examination scores
was also noted. The influence of Emotional
Intelligence on Academic achievement was
assessed by ascertaining the correlation between
the variables. A random sampling technique
was adopted in this descriptive survey research.
The Emotional Intelligence Test, a standardized
tool, was administered on 61 Teacher trainees
and the collected data was analyzed using
statistical tools like Mean, Standard Deviation
and Coefficient of Correlation. The results of the
study reveal that there exists a positive correlation
between Emotional Intelligence and Academic
achievement of Teacher trainees. Among the five
domains of emotional intelligence the highest
value for coefficient of correlation was observed for
the domain self-awareness followed by the other
domains such as motivating oneself, handling
relationships, empathy, and managing emotions.
The findings of the study delineate important
implications on the significance of Emotional
Intelligence and its relationship to students’
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academic performance especially among the preservice teachers. The paper discusses the urgent
need to integrate Emotional Intelligence as part
of Pre-service teacher education curriculum as it
is evident that having high emotional intelligence
gives an added impetus to teachers who in turn
shoulder the responsibility of moulding socially
and emotionally intelligent citizens of tomorrow.
Keywords: Emotional Intelligence, Academic
Achievement,
Self-Awareness,
Emotional
Management, Motivating Oneself, Empathy and
Handling Relationships
Introduction
Goleman’s research on Emotional Intelligence
led to a new area of study not only in the field of
general Psychology but also in education, human
relationships, career development, leadership,
industrial and organizational psychology and
several related fields. Goleman (1995) claimed
that only 20% of a person’s success can be
attributed to IQ, and this prompted many
researchers and academicians to explore and
identify other factors that contribute to the 80%
of a person’s success. Many grew curious and
investigated the impact of emotional intelligence
or EQ of a student on him or her to attain high
academic achievement. Low and Nelson (2006)
opined that Emotional Quotient (EQ) is crucial
for a student’s personal health as well as college
success. When individuals are able to lead their
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life successfully, they can focus better on their
learning and perform better academically. They
claimed that students with emotional intelligence
are better able to cope with demanding and
complex challenges of life. Apart from its
contribution to academic success, a person with
high emotional intelligence is also claimed to
function better in an organization, be it as an
efficient team leader, possessing the ability to
work under pressure, and ultimately contributing
optimally to the organization’s productivity.
An increasing number of researches are being
carried out to examine stress in workplace
including institutions where educators such
as teachers and lecturers are employed. This is
because the teaching profession is recognized to
be one of the most stressful professions. Perhaps
not many teachers realize that they themselves
hold the key to managing their emotions and
subsequently prevent themselves from being
adversely affected by stress. This may be attributed
to the fact that the interplay of emotions is an
integral part of a teacher’s job and has an impact
on teacher effectiveness, behavior, cognition and
motivation. Nelson, Low and Nelson (2005) also
posit that teachers can effectively deal with the
pressures and demands of daily life and work by
developing and capitalizing on their emotional
intelligence skills. Therefore, due to the nature
and demands of the tasks involved in teaching,
teachers should build on and strive to acquire a
high level of emotional intelligence to stay relevant
and effective in the line of education. Based on
this discussion, it is apparent that having a high
emotional intelligence gives an added advantage
to teachers as they in turn have to mould socially
and emotionally intelligent citizens of tomorrow.
Significance of the study
Emotional intelligence, despite its popularity,
has not been incorporated into any large-scale
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programs in teacher training. However, attention
and interest concerning the notion are constantly
growing. An emotionally intelligent teacher not
only helps students to learn better but also helps
them to embark into any profession that requires
a high level of emotional competence. Teaching
profession involves high emotional labour.
Educators live in a time of rapid educational
practices changes and increased demands at
their work spots. It is crucial for teachers to
remain healthy and effective in coping with the
demanding work environments. Hence, there is
a need for those who aspire to become educators
to possess the skill of high emotional intelligence.
This research study seeks to point out the need
to include emotional intelligence instruction
into the pre-service teacher training curriculum
to improve academic accomplishment and
success in the career opted for. With the research
evidence linking emotional intelligence to
academic achievement, the pre-service teachers
could benefit from learning and using emotional
intelligence skills for personal and professional
development. Therefore, it is of great importance
for teachers to be equipped with emotional
intelligence skills to allow them to function
effectively as educators as it is noted that having
this ability helps teacher candidates not only to
perform academically as teacher trainees but also
to excel in their career when they embark into the
teaching profession.
Research Questions
1. What is the level of emotional intelligence
among the teacher trainees?
2. Is there a difference in the five domains
of Emotional Intelligence, namely, Self
Awareness,
Emotional
Management,
Motivating one’s own self, Empathy and
Handling relationships among the Teacher
trainees?
3. Is there a relationship between the teacher

Vol. 52, No.4 & Vol. 53, No. 1 | Oct.-Dec. 2019 & Jan. – Mar. 2020.

trainees’ emotional intelligence and their
academic achievement?
Review of Related Literature
The following research studies revealing the
potential role and significance of emotional
intelligence on academic achievement of students
have been reviewed for the present study.
Tamannaifar et al (2010) conducted a study
on 6,050 students to explore the relationship
between emotional intelligence, self-concept and
self-esteem with academic achievement. Students
as a sample were randomly chosen. It was found
from the study that emotional intelligence, selfconcept and esteem of students were found
to be significantly related to their academic
achievement.
Sandhu (2014) carried out a study on the
Academic Achievement of Adolescents in
relation to their Emotional Intelligence and
study habits to find the relationship between
academic achievement of adolescents with
emotional intelligence and study habits. Study
habits and emotional intelligence are strongly
related to academic achievement. The findings
will help teachers and parents to understand the
importance of good, congenial, enriched school
or home environment and healthy relations in
reducing emotional instability among students.
NguLeh Seng, Zahyah Hanafi, Muhajir
Taslikhan and Arumugam (2016) conducted a
study on the Influence of Emotional Intelligence
on Students’ Academic Achievements. A total
of 406 students from nine schools in Malaysia
were involved in this study. ‘Malaysia Intelligence
Emotional Inventory – Teens’ was used to assess
the level of students’ emotional intelligence.
A total of 49 items from this instrument was
used to measure emotional intelligence of the
respondents and the results showed a positive
relationship between the variables.
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Drago (2004) examined the relationship between
emotional intelligence and academic achievement
in non-traditional college students. Noncognitive factors such as emotional intelligence
may supplement or enhance student cognitive
ability. In this study, emotional intelligence,
achievement motivation, anxiety, and cognitive
ability were predictor variables. The criterion
variable was academic achievement as measured
by student GPA. Results demonstrated that
emotional intelligence to be significantly related
to student GPA scores, student cognitive ability
scores, and student age.
Kattekar (2010) conducted a study to investigate
the impact of emotional intelligence on the
academic achievement in Kannada language of
500 standard IX students in the South Indian State
of Karnataka. He found a positive relationship
between emotional intelligence and academic
achievement of students.
All the research findings discussed indicate the
significant role of emotional intelligence on
academic achievement among students. Given
its importance, there has been recognition to
develop emotional intelligence skills among
students in order to assist them in performing
well in their studies.
Objectives of the study
1.

To study the relationship between Emotional
Intelligence and Academic Achievement of
Teacher trainees.

2.

To study the level of Emotional Intelligence
of Teacher trainees and to ascertain the
difference between the five domains
of Emotional Intelligence namely Self
Awareness,
Emotional
Management,
Motivating one’s own self, Empathy and
Handling relationships among the Teacher
trainees and its impact on Academic
achievement.
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Hypotheses:

H2: There is a significant relationship between
each of the five domains of Emotional Intelligence
of teacher trainees such as Self Awareness,
Emotional Management, Motivating one’s own
self, Empathy and Handling relationships with
Academic achievement.

Research Design: The research design followed
for the study is a descriptive survey. The
quantitative design methodology employed in
this study is correlational research. This design
was selected because the study aims to examine
the relationship between emotional intelligence
and academic achievement. Therefore, the
independent variable examined in this study
is the students’ level of emotional intelligence
whereas the dependent variable is the students’
academic achievement.

Operational definitions of the terms

Sample

Self-awareness is about knowing one’s own
emotions. The person recognizes his or
her emotions and the cause of the same. It
involves recognizing feelings as they occur and
discriminating between them.

The sample selected for the study includes 61
teacher trainees randomly selected from the
Teacher training Institute St. Ann’s College of
Education, Secunderabad.

Emotional management is about managing
emotions so that it is relevant to the current
situation and one reacts appropriately. The person
controls his or her emotions carefully rather than
just reacting to a situation impulsively. This also
involves recovering from an emotional distress.

A questionnaire ‘Emotional Intelligence Test’
prepared and standardized by Dr. Ekta Sharma is
used for the collection of data. The questionnaire
constitutes of 60 statements from five domains of
Emotional Intelligence such as Self Awareness,
Emotional Management, Motivating one’s own
self, Empathy and Handling relationships.
The response pattern followed in the scale
is of Likert’s type on a five-point continuum
ranging from Always, Most often, Occasionally,
Rarely and Never. The tool is standardized by
establishing both test re-test reliability and
internal consistency with a highly significant
coefficient of correlation between all the domains
of Emotional intelligence. The content as well
as construct validity was also established for
the tool. The statistical techniques used in the
present study include Mean, Standard deviation
and Coefficient of correlation.

H1: There is a significant relationship between
Emotional
Intelligence
and
Academic
Achievement of teacher trainees.

Self-motivation is about gearing or
gathering up your feelings and emotions and
directing you towards a goal. It is about using
emotions to maximize intellectual processing
and decision-making.
Empathy denotes recognizing feelings in
others and tuning into their verbal and
nonverbal cues. Empathy gives one the
ability to “walk in the other person’s shoes.”
Managing relationships involve handling
interpersonal interaction, conflict resolution, and
negotiations. It is the art of social relationships
and managing emotions in others.
Academic achievement is the aggregate marks
secured by the teacher trainees during the
Semester end examinations.
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Tool used for the study

Hypothesis 1:
Research Hypothesis:
H1: There is a significant relationship between
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Emotional
Intelligence
and
Academic
Achievement of the teacher trainees.
Table 1 Correlation between Emotional
Intelligence and Academic achievement of
Teacher trainees using Pearson Correlation
Coefficient – r
Sample
Description Size(n) Mean(m)
Emotional
Intelligence 61
Academic
61
achievement

70.53

Standard r-value
Deviation

5.65

Table 1 shows that there is a positive, moderate
correlation and substantial relationship (r= 0.42)
between the teacher trainees’ overall emotional
intelligence and their academic achievement.
Therefore, the research hypothesis is accepted.
As the r-value is + 0.42, it clearly indicates, a
positive moderate correlation between emotional
intelligence and academic achievement of the
teacher trainees which means higher the level of
emotional intelligence, the better they perform
academically.
Graph 1: Correlation between Emotional
Intelligence and Academic achievement

Hypothesis 2:
Research Hypothesis
H2: There is a significant relationship between
each of the five domains of Emotional Intelligence
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Table 2: Correlation between the five Domains
of Emotional Intelligence and Academic
Achievement
Description

9.71
0.42

71.38

of the teacher trainees such as Self Awareness,
Emotional Management, Motivating one’s own
self, Empathy and Handling relationships with
Academic achievement.

Sample
Mean
Size(n)
(m)

Standard
Deviation

rvalue

Self
awareness

61

61.86 9.87

Managing
emotions

61

72.71

13.74

0.41

Motivating
oneself

61

73.28

12.99

0.11

Empathy

61

68.22

11.02

0.39

Handling
relationships

61

74.5

12.24

0.34

Academic
achievement

61

71.38

5.65

0.36

Table 2 shows the relationship between the five
domains of emotional intelligence and academic
achievement and reveals that out of the five, selfawareness domain is found to have a moderate
correlation with academic achievement (r= 0.41)
The results show that the relationship between the
remaining four domains of Emotional intelligence
with the dependent variable i.e.; academic
achievement is positive with r values 0.39, 0.36,
0.34 and 0.11 for the domains such as motivating
oneself, handling relationship, empathy and
managing emotions respectively. These findings
indicate that the teacher trainees who are well
aware of their feelings and emotions and have the
ability to understand those emotions as well as to
anticipate what emotions would emerge under
certain circumstances, motivate themselves and
exhibit empathy are better able to cope effectively
and achieve academic excellence in higher
learning institutions. Thus, individuals who are
able to identify their feelings and emotions clearly
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and know how to manage them are more capable
of performing well academically.
Findings of the Study
• There is a positive moderate correlation
between Emotional intelligence and Academic
achievement of the Teacher trainees.
• All the five domains of Emotional Intelligence
of the teacher trainees such as Self Awareness,
Emotional Management, motivating one’s
own self, Empathy and Handling relationships
showed a positive correlation with the teacher
trainees’ Academic achievement.
• Among the five domains of Emotional
Intelligence the self-awareness domain was
found to have the highest positive correlation
with academic achievement followed by the
rest of the four domains such as motivating
oneself, handling relationship, empathy and
managing emotions respectively.
Educational Implications:
Today’s educators need to play a broader role of
shaping students’ skills to manage their emotions,
resolve conflict amicably, and assist students
to make responsible decisions. Emotionally
intelligent teachers have an optimistic orientation
towards students’ work and life. They are resilient
in responding to negative stress and less likely to
indulge themselves with pessimism and negative
emotions. An emotionally intelligent teacher
learns and applies skills to improve mental
health of the students. They develop the ability
to establish and maintain effective interpersonal
relationship, ability to understand and accept
differences in others and diversity issues,
possess ability to plan, formulate, implement
effective problem solving procedures in stressful
situations, ability to positively impact, persuade,
and influence others, ability to direct energy and
motivation towards accomplishing personally
meaningful goals, ability to manage time to meet
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goals, ability to complete tasks and responsibilities
in a timely and dependable manner and ability
to control and manage anger and improve
performance under stressful conditions and
situations. Hence the study has implications on
the teacher preparation programmes in terms of
curriculum design and also to give due emphasis
to developing these skills among the student
teachers through activities and modules.
Recommendations
•

To achieve the high goals and expectations
of education in the 21st century, inclusion
of emotional intelligence skills in teacher
preparation
programmes
is
highly
recommended.

•

There is an urgent need for the development
of intervention programmes aimed at
enhancing the emotional intelligence level of
teachers.

•

The government, institutions and other
organizations should endeavor to prepare
emotionally intelligent teachers.

•

Teacher education Institutes can plan
curriculum with avenues for teacher trainees
to have a thorough understanding of
themselves and use assessment tools to assess
their strengths and vulnerabilities. They
should reflect on their own behavior and
work with a mentor or counselor to improve
their Emotional Quotient.

•

The curriculum planners should include
teaching and measurement of Emotional
Intelligence as an integral part of the
curriculum and implement it in educational
set up.

Hence, it is imperative to include Emotional
intelligence into the curriculum so that teachers
and students learn and practice emotionally
intelligent behavior which would help them stay
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healthy, reduce negative stress, act responsibly,
deal with changes effectively and learn to reach
their goals.

programs and can be further enhanced and
reinforced through continuous professional
development activities.

Conclusion

Since the respondents are future educators, there
is a crucial need for them to possess emotional
intelligence skills which will allow them to be
caring and empathetic teachers. Relating this to
the student teachers, Goad and Justice (as cited
in Nelson, Low and Nelson, 2005) emphasize
the importance and the value of emotional
intelligence in teacher preparation programs by
claiming that teachers with emotional intelligence
skills are more adept at maintaining classroom
management performance and remain in the
teaching profession with fewer cases of dropping
out from their chosen profession especially from
among novice teachers. Therefore, since the
findings suggest that the respondents are future
teachers with high level of emotional intelligence,
it is expected of them to be able to take on the
challenge to educate the young generations and
adapt to the demanding and stressful working
environment (Nelson, Low and Nelson, 2005)
of the teaching profession. This is especially true
among novice teachers who just embark into one
of the most stressful professions as educators.

Teachers with high emotional intelligence can
motivate their students better and have a thorough
knowledge of their students’ behavioral and
psychological well-being. The findings suggest
that the respondents who are future teachers
with their high level of emotional intelligence,
exhibit high academic achievement, are equipped
to take on the challenge of educating the young
generation and also possess the ability to adapt
themselves to the demanding and stressful
working environment.
It is extremely important to develop and groom
teachers who are emotionally intelligent which in
turn would help in the growth and development
of both students as well as schools. The need of
the hour is not only to create teacher training
modules on emotional intelligence but also to
impart the right kind of emotional intelligence
training. Thus, improving emotional intelligence
among pre-service teachers should be made
into a fundamental element in teacher training
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Abstract
This article is on conceptual change and an
innovative model to implement the change. Today,
the students come to the constructivist classrooms
with a lot of ideas about the topics they are going
to study. The prior knowledge of the learner is
an important factor in the teaching-learning
process. After identifying the inconsistency that
the learner has, the teacher can take necessary
steps to bridge the gap so that the students are
capable of generating new knowledge. Through
this paper, the investigators have tried to analyze
the role of teachers, students, teaching strategies
and learning environment in bringing about
conceptual change. Acknowledgement of the
existing ideas of the learners, and formation and
evaluation of the concepts were dealt with. This
model was experimented and found effective at
level nine of the High School for remedying the
misconceptions in selected areas of Magnetism,
Static Electricity and Forces in Nature.
Keywords: Misconceptions, Conceptual Change,
Predierr Model
Introduction
Conceptual change, or the restructuring of
existing incorrect or naive knowledge, is always
a challenging process, as the concepts held by
the individuals are not easily changeable. To
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learn new concepts, or for any learning to take
place, conceptual changes is inevitable. It points
out the dire need of models to effectively address
and investigate conceptual change. A study on
the recent research trends and the role of models
in successful and effective conceptual change
reflects the need for an absolute, inclusive and
comprehensive model. In response to this need,
the PREDIERR MODEL was developed.
Process of Conceptual Change: Perspectives
The term conceptual change means the
development of basically new concepts during the
process of knowledge acquisition, by restructuring
the elements of existing concepts. It involves the
kind of learning that goes beyond mere capturing
of new concepts, rather revising one’s specific
beliefs and restructuring the very concepts used
to formulate those beliefs. Conceptual Change
theories have foundations on Piaget’s (1952) and
Vygotsky’s (1978) theory of constructivism and
Schon’s (1978) theory of reflective practices. Hence,
the conceptual change process can be explained in
numerous ways. They are:
Conceptual change as restructuring of existing
ideas
From the Piagetian perspective, conceptual
change involves the process of accommodation,
where schema are changed or modified, when
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learners are exposed to new information that does
not fit into their existing conceptions (Piaget,
1970). Since, in the process of accommodation,
new schemas do not replace or displace prior
schema, but hold greater explanatory power
with the experienced situation and therefore is
more likely to be considered and to become the
dominant conception process used to explain
phenomenon in a given situation or context.
Thus, people may simultaneously hold multiple
schemas to explain phenomenon (Carey, 1985;
Shtulman, 2009). Hence, conceptual change
can be defined as the ways that suggest the
modification or restructuring of schema, leading
to a change in conceptions or as processes of new
schema formation, but yet retaining the prior
schemas.
Conceptual change as adopting new ideas
There are views which support the existence of
prior conceptions although conceptual change
does take place. For example, Vosniadou (1994)
observes conceptual change as the restructuring
of a personal “theory” or simply a “theory change”
where the change is a combination of cognitive
processes of the individual as well as the social
and environmental conditions they experience.
Thus, the morphing of conceptions, influenced
by society and environment on the learner, occur
during the process of change, rather than an
individual merely developing new conceptions
and retaining prior conceptions.
Studies conducted by Smith, diSessa, & Roschelle
(1994) reveal that learners may retain several
conceptions of phenomenon and they have
the ability to recall and apply these various
conceptions effectively. Similarly, Ohlsson (2009)
opines that learners adopt and form the new
conceptions as their dominant conception set to
explain phenomenon and effectively maintain
prior conceptions in a dormant or suppressed
state instead of going through a process of
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restructuring conceptions.
Many definitions and models of conceptual
change suggest that when new conceptions
are formed they become dominant and prior
conceptions are no longer considered, or even
potentially lost (Dole & Sinatra, 1998; Posner
et al., 1982). In such models, conceptions are
restructured (Dole & Sinatra, 1998), resulting in
newly formed conceptions that supersede prior
conceptions.
Factors affecting Conceptual Change
Educators are generally convinced that teaching
students to facilitate conceptual change is their
primary responsibility, which lead to the concept
called “conceptual change teaching”. In this
concept, several stages of conceptual teaching
are identified. These stages include: firstly,
the diagnostic or elicitation stage, where the
educators uses diagnostic techniques to find out
the students’ existing conceptual ideas and the
reasoning behind the idea; secondly, the status
change stage, in which educators use designated
methods to aid students to lower the level of the
existing incorrect knowledge and increase the
level of the correct ideas; and lastly, the evidence
of the outcome, to ascertain whether the outcome
of the learning process is partly based on the
consideration of the prior existing knowledge.
For a correct conceptual development among
students, teaching processes must be properly
planned and successfully implemented. Posner,
Strike, Hewson and Gertzog (1982) identified
four critical variables in the conceptual change
process:
(i) The individual becomes dissatisfied with
their existing conceptions.
(ii) The individual must find the new conceptions
understandable.
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(iii) The students must regard the new conceptions
to be conceivable.
(iv) The students must find that the new
conceptions are fruitful, that is, the new
conception must lead to new insights.
Thus, a conceptual change depends on the
(i) active participation of the students (ii) the
teacher’s role in the learning process (iii) the
learning activities and (iv) the learning situation
provided.
Role of the Students in Conceptual Change
The students change their existing ideas only if
they are provided with a more scientifically valid
idea that makes sense and proves to be more
efficient and fruitful in explaining and making
predictions than their existing ones (Posner,
Strike, Hewson & Gertzog, 1982; Hewson,
Mariana & Hewson, 1988; Lee & Brophy,1996).
There should be a direct contrast between the
existing ideas and intended scientific views.
Only then will the students feel that their
existing knowledge is inefficient, insufficient and
inconsistent. That is, a challenging situation must
be provided for creating a need for conceptual
change. As a student or as a learner, the role of
the learner is to be responsible for his or her
own learning, to take interest in ideas different
from his or her own and to synthesize new ideas
from different sources, rather than expecting to
memorize knowledge contents delivered by the
teacher.
Role of Teachers in Conceptual Change
As the teacher’s response is required to guide the
students towards correct viewpoint, the teacher
must know (i) the domain in which the teaching
is located, (ii) the conceptions that students are
likely to use in that domain and (iii) the conceptual
pathways they tend to follow once teaching is
under way. It requires practice, expertise and
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confidence from the part of the teacher. The
teacher must be sensitive to the students’ needs,
feelings, ideas, and be an effective manager of
class groups, to make the classroom environment
pleasant. Scott, Asoko and Driver (1991) point
out the essentialities that a teacher is required to
have. These are:
•

being aware of students’ ideas and
understandings related to the topic under
consideration

•

being aware of likely conceptual pathways for
that topic

•

being sensitive to the students’ progress in
learning

•

being able to generate learning tasks to
support and encourage learning

•

being sufficiently confident of his/her own
understanding of the subject topic

•

being able to appreciate and respond to
differing points of view

•

being able to organize and manage a
classroom which will allow all the afore
mentioned points to happen

The role of the teacher is to ensure that the
students are provided ample opportunities
for self-expression without being judged. A
teacher’s role is to deliver knowledge and the
teacher himself or herself must be aware that the
knowledge that transpires in the lessons ought to
be shared and discussed, rather than dispelling
ideas that are different from those of the students.
Role of the Teaching Strategies and Learning
Environment in Conceptual Change
Several instructional strategies have proven
to be effective in achieving conceptual change
and helping students leave their alternative
conceptions behind and acquire correct concepts
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or theories. Any instructional strategy chosen
will provide its own cognitive demands. So this
also must be considered while planning, along
with other relevant factors.
Dreyfus, Jungwirth and Eliovitch (1990) opine
that the alternative conceptions and attitudes
that the students bring to the class confront and
influence subsequent learning. The cognitive
conflicts were found challenging to bright
successful students but unsuccessful students
develop negative self-images, negative attitude
towards school and school tasks with high levels
of anxiety, loss of self-confidence and regression
because of cognitive conflicts (Stavy,1991).
Irrespective of the strategy adopted, the student
has to construct the conceptions. Knowledge is
not spoon-fed or provided in readymade form.
The child
is supposed to take the ultimate
responsibility for making sense of the learning
activity presented to him/her.
Classroom climate refers to the atmosphere
where the learning process is conducted, and
the relationship between the teacher and the
students. There must be a mutual respect of ideas
in order to foster a positive climate for learning.
Levels and Factors for Conceptual Change
Teaching
Scott, Asoko and Driver (1991) suggest some
strategies essential for the conceptual change
teaching. These are:
Acknowledging learners’ existing ideas
In all the levels, acknowledging the learners’
existing ideas and understanding can be achieved
through explicit elicitation of students’ ideas in
the classroom. The teacher should identify the
views of the students that differ from scientific
view-points and facilitate further teaching
accordingly.
Identifying the Characteristics of the Conflict

21 |

New Frontiers in Education

All the approaches of teaching address the
highlighted conflict ignored by the students,
but of which the teacher is aware. The teaching
strategies which make use of conflict-based
approach make use of:
•

Conflicts between students’ ideas and those
clear from the scientific perspective (e.g.
Rowell & Dawson, 1985)

•

The discrepancies between the two sets of
ideas already available to the learner

•

An explanatory model held by the learner
and an event which cannot be explained by
this model

•

Ideas which a student holds differing from
the ideas of his/her classmates

The success of the strategy depends on the
willingness and ability of the learner to recognize
and resolve the conflict.
Formation of the Concept
Students adopt a new conception only if they
find it intelligible. The teacher has a prominent
role in helping students in constructing scientific
conceptions as the scientific conceptions are
‘ways of seeing’ (Neidderer, 1987) which have
been developed within the social community
of science, similar to Vygotsky’s practice of
‘scaffolding’. Review of various strategies shows
that students can be encouraged to generate
more viable conceptions through brain storming
(Edwards & Mercer, 1987) and reflection (Brown
& Clement, 1987). The main problem with
knowledge construction process is the widespread
nature and interrelationships of certain concepts
which require time to establish the new model.
Evaluation of the Constructed Scientific
Concepts
Students construct the representation of
scientific ideas intelligible to them. In the process
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of conceptual change, students may evaluate a
new conception in a utilitarian way rather than
ontological way resulting in the understanding
of students’ conceptions, but are unwilling to
believe that it represents the way the world is.
The conception evaluation is done in terms of its
usefulness in particular contexts.
A new conception may be evaluated in terms of
its generality (Solomon, 1983) which means that
the epistemological criterion of consistency is
considered. For the evaluation of conceptions,
opportunity may be provided to students either
explicitly as in the strategy proposed by Rowell
and Dawson (1985) or by discussion and
general interplay of ideas as in the strategies
put forward by Champagne, Gunstoone and
Klopfer (1985); Cosgrove and Osborne (1985);
and Niedderer (1987). This type of evaluation
promises comparison of two or more competing
conceptions on the basis of several criteria. The
students should be provided with a wide range of
situations for evaluating a scientific conception.
On the basis of the levels and factors that play
a significant role in conceptual change, Scott,
Asoko and Driver (1991) classified the teaching
strategies for conceptual change as:
(i) strategies which are based upon cognitive
conflict and the resolution of conflicting
perspectives; and
(ii) strategies which build on learners’ existing
ideas and extend them (through a metaphor or
analogy) to a new domain.
The strategies which build on learners’ existing
ideas and extend them to a new domain focus
on the design of appropriate interventions by
teachers to provide ‘scaffolding’ for new ways of
thinking.
The Conceptual Change Models
The
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postulated by Posner et al, is the earliest model
of conceptual change. This model, modeled from
the epistemological perspective, put forward four
conditions upon which conceptual change could
occur. The conditions are: (i) dissatisfaction
with existing conception, (ii) intelligibility,
(iii) plausibility and (iv) fruitfulness of the new
concept.
The new concept must be intelligible – which
means, the new experience encountered by
the student must be sufficient in order for
a new concept to be structured from it. The
plausibility of the new concept refers to its
ability to solve problems generated by the prior
concept. In fact, plausibility is brought about by
the consistency of the concepts with other new
areas of knowledge. Finally, the new concept
should have the potential to provide extensive
and new areas for inquiry. However, when
classical conceptual change was criticized for its
overly rational approach, Vosniadou’s framework
theory approach attempted to meet the criticisms
against the conceptual change theory. The
Cognitive Reconstruction of Knowledge Model
– CRKM – (Dole & Sinatra, 1998) considers the
characteristics of the learner, including his or her
motivation and message, as factors that facilitate
conceptual change.
The Cognitive-Affective Model of Conceptual
Change – CAMCC – of Gregoire (2003) and
Belief and Knowledge Acquisition and Change
Framework of Murphy (2007) place greater
emphasis on specific [social] cognitive constructs
of learning. Thus, it can be seen that different
forms of conceptual change mutually support each
other. Also, a close observation of the various
Conceptual Change Models show that motivation,
cognitive engagement, extant knowledge,
emotion, attitudes, attention allocation, social
and cultural influences, behavioral and affective
engagement are the various elements retained

model,
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from previous conceptual change models.
The PREDIERR Model for Conceptual change
Joseph, Reshmi and Thomas (2019) developed
a new model (PRIDIERR model) for making
conceptual change in students for remedying
misconceptions. The PRIDIERR model is based
on Conceptual Change theories which have their
bearings on cognitive learning theories of Piaget’s
theories of cognitive development, Vygotsky’s
theory of social constructivism and Schon’s theory
of reflective practices. Learning and development
depend on learner’s previous experiences and
the learners construct knowledge in order to
make sense out of experience. This knowledge
construct depends on their prior knowledge
and experiences. Social interaction and the use
of language facilitate knowledge construction.
Learning requires practice and feedback, and
it is enhanced when learning experiences are
connected to the real world. The essence of
the model is viewing, reviewing and sharing
conceptions; reorganizing and restructuring
conceptions; testing and verifying them; and
applying them to new situations and reflecting
over the Conceptual Change process.
Phases in the PRIDIERR model for conceptual
change
The PRIDIERR model for Conceptual Change
includes eight phases. The name of the model
PRIDIERR evolves integrating the first letters of
the stages in the model. The phases are:
Presentation of the problem situation: In the
presentation stage, the teacher sets the stage for
conceptual learning by introducing a problem
situation or a phenomenon. The students attend
to the problem.
Revealing and representing preconception:
The teacher motivates the students to present
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their conceptions and ideas. Here the students
represent their preconceptions in the form of
diagram, concept map or verbal explanations
and share their ideas about the phenomenon /
solution to the problem.
Identification of dissonance: The Students
identify the differences between their perceptions
of the phenomenon. The teacher challenges the
students’ perception by presenting discrepant
events. This will make the students to think over
the base of their conceptions.
Discourse and defend stance: The students
engage in discussion and defend their stance
explaining the concept or phenomenon as they
view it. The teacher encourages the students to
expose their thinking or the stand taken by them
in the group.
Inquiry: The students analyze their ideas, develop
alternative framework, formulate hypothesis and
engage in inquiry. The teacher facilitates the
learning context and activities to inquire the fact
about the presented concepts and problems.
Extrapolation: The students extrapolate their
finding into familiar and unfamiliar situations
and experiences. The teacher encourages the
students in this process.
Reflection: The students reflect on the entire
process of thinking and learning of the concept.
The teacher guides the students through the
process of thinking, changing and re-learning of
the concept.
Representation of new conceptual frame work:
The students represent their new learning or
Conceptual Change diagrammatically or verbally
with the help of mind maps. The teacher facilitates
the platform for representing the Conceptual
Change by using the proper medium.
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Phases and Description of PRIDIERR model for Conceptual Change
Phase
Presentation
of problem
situation
Revealing and
Representing
preconception

Identification of
dissonance

Discourse and
defend stance

Inquiry

Teacher Activity

Pupil Activity

In the presentation stage, the teacher The students attend to the problem
sets the stage for conceptual learning
by introducing a problem situation
or a phenomenon.
The teacher motivates the students to
present their conceptions and ideas

The students represent their
preconceptions in the form of
diagram, concept map or verbal
explanations and share their ideas
about the phenomenon/solution to
the problem.

The teacher challenges student’s
perception by presenting discrepant
events. This will make the students
think over the base of their
conceptions.

The students identify the differences
between the perceptions regarding
the phenomenon.

The teacher encourages the students
to expose their thinking/stand to the
group.

The students engage in discussion
and defend their stance (why they
think or explain the concept or
phenomenon as they view).

The teacher facilitates learning
context and activities to inquire the
fact about the presented concepts
and problems.

The students analyze their ideas,
develops alternative framework,
formulate hypothesis and engage in
inquiry.

The teacher encourages the students
to extrapolate their finding into
familiar and unfamiliar situations
and experiences.

The students extrapolate their
finding into familiar and unfamiliar
situations and experiences.

Reflection

The teacher guides the students
through the process of thinking,
by changing and re-learning of the
concept.

The students reflect on the entire
process of thinking and learning of
the concept.

Representation of
new conceptual
frame work

The teacher facilitates the platform
for representing the Conceptual
Change using proper medium.

The students represent their new
learning or Conceptual Change
diagrammatically or verbally with the
help of mind maps.

Extrapolation
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Classroom Climate
Students should feel comfortable in the classroom
in order to share their conceptions different
from that of their teacher and other students. A
positive classroom climate where the students
feel free to approach the teacher and the teacher
being available to listen and learn, and the
students’ free feeling and thinking is essential
for sharing ideas freely. Students should feel as if
they are wanted and welcome. They should feel
emotionally connected to their teacher and other
students and they feel worthy of love and respect.
The teacher is generally the initiator of the
learning activities, and acts as a manager and
facilitator of Conceptual Change process. Both
the teacher and the students are active in this
process.
The role of the teacher
The teacher acts as a co-learner and has a
key role in maintaining a positive classroom
climate conducive for free learning. He has to
introduce the problem situation or phenomenon,
instruct students how to go through each
phase, present discrepant event to challenge
students’ preconceptions, and convene student
discussions. The teacher should see that the
student’s experiences with the discrepant event
are intelligible, plausible and useful in order
to ensure Conceptual Change. The teacher
should lead the students through the phases
of extrapolation and reflection which help the
students to fix the Conceptual Change. The
students have to represent and share their
preconceived ideas, examine them and compare
them with those of their peers, substitute new
conceptual framework, test them, verify them
and accept them if convincing. They have to
reflect over their Conceptual Change process

25 |

New Frontiers in Education

and represent the new conceptual frame work
verbally or nonverbally.
The teaching learning resources
The PRIDIERR model can be used in all curricular
areas though it has immediate application in
science and mathematics education. The teacher
can set the context and present the discrepant
events through demonstration, experiment,
group investigation, video clip shows, pictures,
anecdotes, asking questions or by presenting
current events.
Application of the model
The PRIDIERR model is an attempt at making
Conceptual Change. By the use of this model,
the students critically examine their conceptions,
make rational judgment based on evidence,
formulate alternate conceptual framework,
test it and accept it if it is found intelligible
and verifiable. The model develops high order
thinking skills and inquiry skills among students.
It also develops social and interpersonal skills
and attitudes such as humility and love for truth
and acceptance of other’s view, if convincing.
Conclusion
Through this paper the investigators tried to
analyze conceptual change and introduce the
teaching strategy for making conceptual change
using PRIDIERR model for conceptual change.
This model was experimented and found
effective at the ninth grade for remedying the
misconceptions in selected areas of Magnetism,
Static Electricity and Forces in Nature as part
of a UGC funded minor research project. The
investigators will be contented if the model is
widely used for further research and educational
practice for the teaching of all subjects at all levels
of learning.
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Abstract
Mentoring is a process in which a more
experienced and knowledgeable person helps a
less experienced person. It has different meanings
in academic and management circles. Mentoring
is not counseling or therapy, though the mentor
may help the mentee to access more specialized
avenues or even assist to change his or her
present perception. What the mentor does is for
the betterment of the mentee to perform well in
the organization. A mentor is like a diagnostician
who assesses the present situation of the mentee
and gives advice, ideas, and resources needed for
the overall growth and wellbeing. Mentors can
teach, advice, motivate, encourage, inspire and
can provide guidance, leadership, career help and
even coaching to boost professional and personal
development. The role of a Mentor includes that of
a Learning Consultant, a Coach, a Counselor, an
Advisor, a Role Model, or that of a Critical Friend.
The benefits of Mentoring are encouragement
for retention, reduction in turnover costs,
improvement of productivity, enhancement of
responsibility, braking down of the silo mentality
and enhancement of professional development.
Keywords: Mentoring, Counseling, Therapy, Types
of mentoring, Silo mentality
Introduction
Put in simple words, Mentoring is a process by
which a more experienced or more knowledgeable
person helps in guiding a less experienced or
less knowledgeable person. In management
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circles, mentoring is regarded as a system of
semi-structured guidance whereby one person
shares his/her knowledge, skills, expertise and
experience to assist others and to make progress
in their lives and careers. Mentoring is sharing
knowledge, skills and life experience to guide
another towards reaching their full potential; it’s
a journey of shared discovery.
Mentoring is more than ‘giving advice’ or passing
on your experience in a particular area or
situation. It’s about motivating and empowering
the other person to identify their own issues and
goals and helping them to find ways of resolving
them - not by ‘doing it for them’ or expecting them
to ‘do it the way I did it’, but by considering and
respecting different ways of working. Mentoring
is not counseling or therapy, though the mentor
may help the mentee to access more specialized
avenues or even assist to change the present
position. Whatever the mentor does during the
tenure of his/her mentorship is for the betterment
of the mentee to make him or her perform well in
the organization.
Mentorship
Beyond quality education and training and their
challenging tasks, employees can grow by tapping
into the support and expertise of others around
them especially through mentors. Mentors are
individuals with experience, knowledge, skills
and perspective, who work one-on-one with
employees to help them discover ways to achieve
their goals. A mentor is like a diagnostician who
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assesses the present situation and gives advice,
ideas, and resources needed for the overall growth
and wellbeing of individuals and organizations.
Mentors can teach, advise, motivate, encourage,
inspire and can provide guidance, leadership,
career help and even coaching to boost
professional and personal development. They
can help the employees to meet the challenges by
offering encouragement and providing valuable
feedback about where to make improvement.
Mentorship cannot be limited to the initial stage
of one’s career; people at all stages of their career
can benefit from mentorship. Different types of
mentors will be appropriate at different stages of
a person’s career as detailed below:
Peer Mentoring: It is suitable in the early stages of
one’s career. The mentors can provide assistance
and information about skill development and
basic organization-specific practices. They are
individuals who work in the same industry or
someone who can be related to easily as they have
been in the position of the fresher already. This
person is bound to be a high-achieving individual
who inspires the fresher and gives him/her good
advice on ways of maintaining a good career
record and also speak of some of the unspoken
rules of the industry or company.
Career Mentoring: The mentors who serve as
career advisors, promoters and advocates for
employees after having had their initial period
at an organization. In this stage the mentor
explains how an individual’s contributions fit
him/her to take up a higher-level position in the
organization.
Life Mentoring: The mentors offer invaluable
support especially in the last stages of people’s
careers. When one wishes to change his/her job,
he/she needs mentoring to face emerging career
challenges in the present world. Life mentors
can impart significant wisdom to challenging
situations.
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Reverse Mentoring: Here the candidate is being
mentored by someone younger than him/her. In
the 2000s, with the rise of digital innovations,
internet applications and social media, young
employees happen to be more familiar with
these technologies than senior employees in the
organizations. The younger generations can help
the older generations to expand and grow towards
current trends. Everyone has something to bring
to the table and senior employees can learn from
the young employees.
Self-Mentoring: In a world with unlimited access
to resources such as self-help books, podcasts,
biographies, blogs, YouTube etc., one can educate
oneself and become one’s own mentor. One can be
his/her own mentor by determining and tracking
the goals ahead. It is a fact that one can learn from
anybody if he/she spares time to listen to what
those with experience have to say and understand
their perspective.
Situational mentoring: It is a short-term
relationship and almost like a workshop. Here
mentors are invited for a specific purpose. For
example, a company brings an expert in social
media or internet safety or group dynamism. The
expert can mentor employees to make them more
knowledgeable about a specific topic or skill.
Diversity mentoring: One of the top ways to
innovate is by bringing in new ideas from senior
employees and leaders from under-represented
groups like women, ethnic minorities and others.
Mentors from under-represented groups can
empower employees from under-represented
groups to increase their confidence to take on
higher-responsibility tasks and prepare for
leadership roles. This can give the organization
access to new ideas, new ways of looking at
problems and new perspectives. It also brings
cultural awareness and intercultural dialogue
into the workplace.
Knowledge transfer mentoring: Here employees
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already have a certain set of skills in order to
accomplish the tasks at hand. Mentoring helps
the employees to get organized and the expert
can give feedback and help in answering their
questions for which they may not know where to
find the answers.
Induction Mentoring: When a new staff is
appointed, a mentor is assigned to him/her in
order to orientate him/her to the department
and its procedures, policies, and location of key
equipments to help the new staff to function well
in the first few weeks in the new post. They may
act as a neutral and impartial confidante for any
concerns or difficulties the new staff member has
in settling down and help him/her to work out
strategies for success.
Developmental Mentoring: Research has found
that the most effective people have had different
mentors for different areas of their professional
and personal lives. When members of the staff
have new duties, they have to assume new roles.
Developmental mentoring helps to generate
solutions, strategies and action plans to have
success in new areas of work. Mentoring helps
one to widen the support network and it can
improve confidence. An experienced mentor
helps the mentee not only to handle the new
situation but also helps him/her to develop the
strengths, potential, aspirations and what is most
suitable to him/her.
Mentoring Vs. Coaching
Mentoring is about developing a relationship
between a more senior and experienced mentor
and an inexperienced mentee, to guide and
develop the latter regarding knowledge and career
progress. Whereas a coach specifically advises the
person on how to tackle and perform a particular
task and provides constructive feedback and
delegates further similar tasks, sets goals or
higher-level tasks for the individual to complete.
In a coaching relationship, the client is the expert
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and the coach acts as a catalyst to draw out the
best in the client. But in a mentoring relationship,
the mentor is the expert and shares his wisdom
based on experience and expertise with the client.
That is why a skilled coach can help anyone to
achieve any objective, but a skilled mentor should
provide only the input on their exact field of
expertise.
Though we note some similarity between a
mentor and a coach, they are not the same.
A mentor may be a coach, but a coach is not a
mentor. Mentoring is “relational,” while coaching
is “functional.”
Types of Mentoring Relationships
There are two broad types of mentoring
relationships:
1. Formal
2. Informal.
Formal mentoring relationships are set up by
an administrative unit or office in a company
or organization which solicits and recruits
qualified individuals who are willing to mentor,
provides training to them and then sends them to
employees who need mentoring. Here goals are
determined by the top management, outcomes
are measured and they are paid. Though formal
mentoring systems contain numerous structural
and guidance elements, they still allow the mentor
and mentee to have an active role in choosing to
who they want to work with. Experience showed
that the formal mentoring programme which
simply assign mentors to mentees without their
consent or considering the interest of mentees
have not produced good results. Many firms
today follow the strategy of allowing the mentor
and the mentee the opportunity to interact and to
select freely the one they want to work with.
Informal mentoring occurs without the use
of structured recruitment, mentor training
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and matching services. Informal mentoring
arrangements can develop naturally from
business networking situations in which a more
experienced individual meets a new employee
and the two strike up a rapport.
In business, formal mentoring is a part of talent
management strategy that are used to groom key
employees, newly hired graduates, high-potential
employees and future leaders. The matching of
mentor and mentee is often done by a mentorship
coordinator, often with the help of a computerized
database registry.

Role of a Mentor
A mentor can take on several different roles in the
course of a mentoring relationship depending on
the requirement of the learner (mentee). These
include:
1.

Learning Consultant: The Mentor should
help the learner to clarify his/her goals and
their learning style. The mentor also helps
the learner to reflect on their experiences
and draw out conclusions.

2.

Coach: In coaching it is assumed that
the learner holds the key to his/her own
problems and has the knowledge and the
power to solve the problems. For that the
coach would try to bring out the best of the
learner’s abilities in a scientific way.

3.

Counselor: The mentor may use counseling
skills such as active listening, reflection
and clarification to help the learner to gain
insight into his/her own stand. If the learner
is struggling with an internal block in
thinking and reflecting, the counselor’s role
would help to remove the block in thinking.

4.

Advisor: The mentor may advise the learner
based on his experience and expertise. It
would help the learner to avoid common
pitfalls and get around problems they both
have come across in their work environments.

5.

Role Model: A role model is a character
who inspires one to achieve his/her full
potential. Generally speaking, it is not at all
necessary that one has to know his/her role
model or that the role model has to know the
admirer. Role models can be looked upon,
admired, and emulated from afar. Mentors,
on the other hand, are like personal role
models. The learner may be attracted to a
mentor by watching the way he/she handles
certain situations.

Models of Mentoring
There are several mentoring models like cloning
model, nurturing model, friendship model,
apprenticeship model, etc.

•

The cloning model is one in which the
mentor tries to “produce a duplicate copy of
himself or herself.”

•

The nurturing model takes more of a parent
figure; creating a safe and open environment
in which the mentee can both learn and try
things for himself/herself.

•

The friendship model consists of more peers
rather than being involved in a hierarchical
relationship. Here individuals are at the same
level of skill training, in similar positions
and in the same stages of career. However,
one person may be more knowledgeable in
a certain aspect or in another and can help
the others to progress in their work. Peer
mentoring provides a lot of support, empathy
and advice as the work environments of the
mentor and the mentee/mentees are quite
similar.

•

The apprenticeship model believes in less
personal or social aspects and the professional
relationship is the sole focus.
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6.

Critical Friend: The mentor also takes
the role of a critical friend who listens,
encourages, draws out, reflects back, and
challenges the assumptions of the learner
and provides both constructive and critical
feedback on his/her ideas and plans.

Encouraging retention: The retention rate,
sometimes referred to as the “stability index,”
measures the retention of particular employees
over a specified period of time in a company/
organization. Proper mentoring increases the
retention rate.

David Clutterbuck, a great visionary in mentoring,
has coined an acronym that highlights the basic
role of a mentor as follows:

Reducing turnover costs: Turnover cost means
the tangible and intangible cost associated with
replacing an employee. Proper mentoring helps
the employee to remain in the organization for a
longer duration.

•

•

Managing
relationships:
Healthy
relationships could provide us with support,
affection, excitement and love. For that
we need forgiving love, accommodating
mentality, empathy, etc.
Encouraging: It is the action of giving another
person support, confidence, hope, optimism,
etc.

•

Nurturing: It is caring for and protecting
people or things while they are growing.

•

Teaching: It involves imparting knowledge
or instructing someone as to how something
is to be done.

•

Offering Mutual Respect: It is a feeling of deep
admiration for someone or something elicited
by their abilities, qualities, achievements, etc.

•

Responding to the Learner’s needs: It means
doing something to meet a crisis, challenge or
need.

Benefits of Mentoring
The mentor assists the mentee in making realistic
plans and objectives for improving his/her
effectiveness, developing his/her potential, giving
the opportunity to reflect and challenge his/her
own thinking, encouraging greater adaptability
and willingness to change, and providing
constructive feedback on his/her goals. It has the
following benefits:
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Improving productivity: The use of structured
orientation programmes and training leads to
employees being happier and more confident,
which results in increasing the productivity and
competitiveness.
Enhancing
responsibility:
Responsible
commitment is the means through which a vision
is translated into action; when each individual’s
responsibility is aggregated, the company can
achieve its overall goals easily.
Breaking down of the “silo” mentality: The ‘silo’
mentality is developed when several departments
or groups within an organization do not want
to share information or knowledge with other
individuals in the same organization. This type
of mentality will reduce efficiency in the overall
operation, reduce the morale, and may contribute
to the demise of a productive company culture.
Enhancing professional development: The term
professional development indicates mainly the
formal processes such as a conference, seminar
or workshop; however, professional development
can also occur in informal contexts such as
discussions among colleagues, independent
reading and research, observations of a
colleague’s work, or other forms of learning from
a peer/mentor. A mentor can extend his help in
the professional development of employees in
various ways.
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Conclusion
Mentoring is highly appreciated and encouraged
in higher education to bring about higher levels of
educational excellence. It is also recommended for
professional and industrial units to usher in better
productivity and responsibility. The professional
development of an organization or a company is
brought about mainly through formal processes
such as a conference, seminar or workshop;
however, professional development can also occur

in informal contexts such as discussions among
colleagues, independent reading and research,
observations of a colleague’s work, or other forms
of learning from a peer/mentor. The Mentor
assists a mentee in making realistic plans and
objectives for improving his/her effectiveness,
develops his/her potential, gives the opportunity
to reflect and challenge his/her own thinking,
encourages greater adaptability and willingness
to change and provides constructive feedback on
his/her goals.
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Abstract
In the top level of higher education, we find
the USA, China and India. The USA and
China have gone far ahead in innovation and
provision of modern amenities. They compete
in world markets and in industrial production.
In India higher education is helping many to
migrate to other countries and help them in
their economic growth which results in the
brain-drain of the home country. India has to
reform higher education to have her economic
growth enhanced. We have to see to the growth
of Emotional Intelligence of the college youth
with enhanced emotional competency, emotional
maturity and emotional sensitivity.
Key words: Higher education, Rural-urban
divide, E-generation, Spiritual resources.
Introduction
India has travelled a long way in educational
systems, from the “Guru-Shishya” practice of
learning under the shade of a tree in the medieval
times, to becoming the second largest player in
the field of higher education world over after
the United States! India has one of the largest
higher education systems in the world. During
the last few years, universities have increased
manifold and colleges have mushroomed all over
our country to impart higher education. In this
scenario, a conflicting picture arises with the then
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Prime Minister Manmohan Singh’s words, “Our
university system is, in many parts, in a state
of disrepair. In almost half the districts higher
education enrollment is abysmally low. Almost
two third of our universities and 90% of colleges
is rated below average in quality parameters…”
Higher education implies the integrated
development of personality which should be
imparted through the development of the head,
hand and heart. Rabindranath Tagore rightly
said, “The higher education is that which does
not merely give us information, but makes life in
harmony with all forms of existence”. Enrolment
rate and the identification of learner obstacles
are the two objective metrics of evaluating a
nation’s level of educational attainment. In this
context, the UNESCO Convention against
Discrimination in Education noted: “If the right
to education for all is to become a reality, we must
ensure that all learners have access to quality
education that meets basic learning–needs and
enriches lives. But in reality, millions of children
and youth continue to experience exclusion from
within and from education around the world.”
Ensuring inclusive, lifelong learning for all, and
improving quality of education are among the top
priority areas identified by Asia-Pacific education
ministers. Unfortunately, many developing
countries, including India, are struggling to
maintain a unified learning system that caters to
students from all socio-economic backgrounds.
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India is facing a huge rural-urban divide
with regard to learning achievement at the
level of higher education. For the first time
since Independence, the absolute increase in
population is more in urban areas than in rural
areas. Rural–Urban distribution of the increase
in population stands at 68.84% & 31.16%• The
Level of urbanization increased from 27.81%
as in the 2001 Census to 31.16% in the 2011
Census. Correspondingly, the proportion of rural
population declined from 72.19% to 68.84%. The
number of Literates in India is 778.5 million. Of
these, 493.0 million are in Rural areas and 285.4
million, in the Urban. There has been an increase
of 217.8 million literates since last Census in
2001. Out of this, 131.1 million were in Rural
areas and 86.6 million in Urban areas, as depicted
by the Census of India, 2011.
The students whose parents are graduates or
diploma holders exhibited higher linguistic
performance and writing skills than those
parents who were not (Franklin, 2018). It was
found from a doctoral study that the place of
residence, whether rural/urban is significantly
associated with the English grasping and
production skills. The study also highlighted the
greater performance of urban students (mean
4.6) in English Test than rural students (4.43).
The problem of shortage of quality teachers in
rural areas can be solved by online teachers from
urban areas made available through e-learning.
The trending ‘smart classrooms’ supported by
MNCs aim at improving learning outcomes
among affluent urban schoolchildren. The
advantages are numerous, from availability to
accessibility. However, a glance around us clearly
reveals that most students are still choosing
traditional classes. Are these people ignorant?
Could they not afford to such facilities? No. There
can be multiple drawbacks to online education
in comparison to traditional classes. Question
of necessary accreditation creates panic during
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career shifts. Monologue learning environment
than a true dialogue can neither discern the needs
nor analyze the barriers of the learner effectively.
Whoso loves knowledge, loves discipline
(Proverbs 12:1). Parents who believe that
discipline is vital to gain knowledge seek
traditional teachers. In online facets if you need
to watch a video again, you can. If you want to
take a break from the material you are viewing,
you can stop and come back without any request
for an interval. Since it could cultivate a sense
of disregard for neighbours, e-learning can fail
to build the noble character of being human.
More dangerous is much knowledge without a
strong, principled character. Purely intellectual
development without commensurate internal
character development makes as much sense as
putting a high-powered sports car in the hands of
a teenager who is high on drugs. Yet all too often
in the academic world, that’s exactly what we do
by not focusing on the character development of
young people (Stephen Covey).
In countries like India where demographic factors
and socio-economic factors require paternal care,
higher education must not be merely urban and
rural connect but rise as a catalyst to correct urban
and rural connects. Indeed, being informational
is not the only aim of higher education but, being
transformational. Rural students may face a
number of roadblocks when it comes to accessing
and succeeding in higher education, but colleges
and universities can make unique initiatives with
unified goals that would help them overcome
these obstacles.
In our profession of serving society, there are
three common challenges and three related
opportunities, for consideration:
1. Making Colleges offer Evergreen Memories
Challenge #1: Students belong to e-generation
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where immoral behavioural trends are claimed
as normal behaviour and emotional statuses as
irrational.
Today with technology, students are constantly
using some form of social media. Facebook,
Instagram and Twitter are just a few of the many
platforms available for youth to use. Social
values are getting eroded, moral values have
become fragmented and the society is facing
an unprecedented cultural invasion. College
students are not in a position to discover the
beauty of forgiveness, self-control, honesty,
fairness and humility in a variety of media outlets
including fictional programming, reality shows,
rap music, and the YouTube. The parents of these
college youth were once asked by a researcher
to name the negative character traits, or vices,
they saw on social media at least once a month.
Sixty percent of these parents named anger and
hostility as the most negative trait displayed,
followed by arrogance, ignorance, bad judgment
and hatred.
Opportunity #1: Institutions of higher
education can be economically-residential to
help the students explore through traditional
teachings with moral values to build better
character and gain knowledge that shuns
evil. Learning through electronic media, if
unavoidable, can be extended through elders
to oversee and help students with paternal care.
Defining success, praising achievements and
extending opportunities for growth should be
determined on the basis of the student’s loyalty
than the novelty of his/her personality.
Teachers can be the live role-models for the
students to regulate emotions appropriately
in the classroom. Emotional Intelligence has
three different dimensions, namely, Emotional
Competency, Emotional Maturity and Emotional
Sensitivity. Emotional intelligence affects four
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areas, namely, Performance at Work, Physical
Health, Mental Health and Relationships. Today’s
teachers should be provided space to demonstrate
good intellectual, moral, emotional and social
development and be able to promote the same
among the students willingly.
2. Focus Under-preparedness
Challenge #2: Many students who come
under reserved category are underprepared —
academically, socially and/or economically — to
make the college life memorable.
Poor rural schools and new urban schools
often have limited resources, including a lack of
appropriate high school level teachers, command
over language and other learning ambience
needed to help students become collegeready. The students themselves might also have
perceived real gaps in skills and abilities. And
their families may have had either little time or
resources for academic and social well-being due
to poverty, financial constraints and social capital.
Opportunity #2: Colleges can offer effective
preparatory programmes with professional
assistance
through
multiple
academic
opportunities such as dual enrollment programs,
summer and or after-college academic
opportunities that provide tutoring, mentoring
and other resources to help address the lack of
preparedness. Colleges can also make a point
to reward students for their involvement in
social welfare activities as well as their academic
successes.
Using all the departments available in the college,
a part of the college hours can be set aside to
offer the students vocational training classes like
cookery from the department of catering science,
tailoring from the department of costume
design, oratorical skills from the department
of languages, automation strategies from the
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department of Computer Science and ensure
job opportunities after college hours through
the placement cell of the campus to help the
students overcome their economic crisis while
studying, and become competent to face future
life. Curriculum thus designed can keep young
minds safe from running into dangers and make
them socially responsible, built of clean hands
and active brains.
3. Creating Comfortable Climate within the
College
Challenge #3: College populations have a need
for better role models, connections, and a strong
support system that will help retain them in their
respective programs and lead them to college
completion.
Opportunity #3: Nothing takes the place of
human connections. Sometimes the support and
attention of one caring individual, not to mention
an entire institution, can make the difference
between graduation and a student failing to
complete a degree. A caring campus climate
that purposely provides connections will have a
tremendous impact on student success.
Institutions can also offer peer mentors and
interactions with faculty and staff to assist in
navigating the healthy behaviour as well as
opportunities for rehabilitation and essential
correctional services to rescue students with
undesirable habit patterns. Passed-out students
who could be better role models in the personal
stream and potential career paths can visit their
department of study periodically and serve as an
inspiration.
Conclusion
India has one of the largest higher education
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systems in the world. The essence of Human
Resource Development is education. It is vital
for a significant and remedial role in balancing
the socio-economic framework of the country.
Education is the basic requirement in every
aspect of human life. Higher education has
become one of the major drivers of the economy
of our country. Every person needs to have
values, priorities, and life commitments - usually
centered on issues of justice, integrity and love,
all of which guide us personally and towards
a socially responsible living. Every human
being needs spiritual resources to help heal the
painful wounds of grief, guilt, forgiveness of
sins, redemption from transgressions and to
press towards eternity. We also need spiritual
resources to deepen our experiences of trust,
self-esteem, hope, joy and love. Success in life
can indeed be found at the top of a hill, especially
if we are prepared for the challenge and have a
positive outlook. Successful collaboration among
universities, local government, and community
welfare advocates can have a real and positive
impact on our quality of life if that collaboration
results in action.
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Abstract
Effective teaching necessitates making difficult
and principled choices, exercising careful
judgment, and honouring the complex nature
of the educational mission. The primary tenet
of the mission is to foster the development of
skills, dispositions and understanding, while
acknowledging thoughtfully and responsibly
a wide range of human needs and conditions.
The latest developments in pedagogy have made
teaching to be more than an activity that conserves
valued knowledge and skills by transmitting.
The pedagogy adopted by teachers shape their
actions, judgments, and other teaching strategies
by taking into consideration the theories of
learning, the understanding level of students and
their corresponding needs, and the backgrounds
and interests of individual students. Effective
teaching through pedagogy displays skills at
creating curricula designed to build on students’
present knowledge and understanding, and
move them to more sophisticated and in-depth
abilities, knowledge, concepts and performance.
In addition, pedagogy helps an educator to make
a range of instructional strategies and resources to
match the variety of student skills and to provide
each student multiple ways of exploring ideas,
skills and concepts. Pedagogy makes a teacher
to work more as a facilitator, coach, model,
evaluator, manager, and an advocate. Effective
instructional strategies meet the different
learning styles and the varying developmental
needs of learners. Teachers must be equipped
with effective instructional strategies to maximize
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their effectiveness and optimize student learning
activities.
Keywords: Educational mission, Instructional
strategy, Pedagogy, Effective Teaching, Blended
learning
Introduction
Effective teaching is the teaching that successfully
achieves the learning objectives from the side of
the pupils as identified by the teacher. The most
effective teaching is that which results in the
most effective learning. In addition, learning
is a process and not a product, and it involves
all those experiences and training through the
teaching activity of an individual, and which
help the student to change his/her behavior and
prepare him/her to make necessary adjustment
and adaptation in changed situations. There
are essentially two simple elements to effective
teaching:
·

The teacher must have a clear idea of what
method of learning is to be nurtured

·

The teacher should set up and provide a
learning experience that enables this to
happen.

A teacher has before him the content material
and the learning experiences related to the
subject in a particular class. In this way, the
teacher’s success in his/her teaching task depends
upon the extent to which he/she is successful in
realizing the instructional objectives. He/she can
go on smoothly in this teaching task only if he/
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she follows suitable methods, devices, techniques
and use of aids for providing the fruits of his
teaching to the students. How properly is the
teacher proceeding in his/her teaching task and
how well he/she is trying to achieve the teaching
objectives already set, can be ascertained only by
a continuous system of testing and measurement
known as evaluations of teaching outcomes. The
results of such evaluations provide an appropriate
feedback to the teacher for bringing desirable
modification in his methods and materials of
teaching, including justification of the need of
bringing alteration in the setting of instructional
objectives. In this way the science of teaching or
pedagogy advocates a total mutual relationship
and interdependence among the following
four pillars of the teaching learning process for
attaining the best possible results in the task of
teaching effectively.
Pedagogy
Pedagogy is the art and science of teaching.
Effective teachers use an array of teaching
strategies because there is no single, universal
approach that suits all situations. Different
strategies are employed in different combinations
with different groups of students to improve their
learning outcomes. Some teaching strategies are
better suited to teaching certain skills and fields
of knowledge than others. Some strategies are
better suited to certain student backgrounds,
learning styles and abilities. Pedagogy, which
incorporates an array of teaching strategies that
support intellectual engagement, connectedness
to the wider world, supportive classroom
environments and recognition of difference,
should be implemented across all key learning
endeavours and subject areas. Pedagogy is
the art of teaching. Pedagogy as the science
of teaching is a master plan that includes the
details of all what is to be done by a teacher, the
instructional strategies, instructional equipment
and the cardinal objectives of instruction.
Depending on what can actually be learnt and
the expectations set for learners of a particular
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stage of development, specific instructional
objectives are determined and appropriate set of
activities are provided.
Instructional Strategies
The teacher decides instructional objectives,
equipment and strategies with every aspect
of the learning condition that is to be created.
Favorable conditions for positive learning call
for the knowledge of various factors operating
in different conditions. Pedagogical analysis is
the assessment of appropriate objectives and
strategies in various instructional situations and
it also assesses the levels of actual learning at
the end. It also helps the students to understand
concepts,
principles
and
phenomena.
Instructional strategies include all approaches
that a teacher may employ to engage students
in the learning process actively. These strategies
drive a teacher’s instruction as they work to
meet specific learning objectives and ensure
that their students are equipped with the tools
they need to be successful.
Students are best served when teachers utilize a
variety of instructional strategies as opposed to
one or two. Variety ensures that students never
bored in the classroom. It also ensures that
students get exposed to strategies that align with
their preferred individualized learning style.
Students will enjoy being taught with a variety
of instructional strategies and are likely to stay
engaged longer. Ultimately a teacher should align
the instructional strategies he/she is using with
the students who are being served and the content
that is being taught. Not every instructional
strategy will be the perfect fit for every situation;
so teachers must become adept at evaluating
which strategy will be the best fit.
Instructional Strategies Can Boost Student
Learning

1.

Instructional strategies provide a delivery
mechanism for presenting the learning
content. Instructional strategies are the how,
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and content is the what. Students latch onto
a content that is packaged in an interesting
and engaging way. The lack of a great delivery
system will fail to make connections with the
learners even the most interesting content is
present.

2.

Instructional strategies provide teachers
with the flexibility necessary to meet
individual learning needs. The sheer
number of instructional strategies at a
teacher’s disposal provides the flexibility to
differentiate instruction.

3.

Instructional strategies can make teaching
and learning fun. The majority of students
learn best through active, engaging learning
opportunities. Teachers must make every
effort to feature instructional strategies that
keep students engaged, on their toes, and
wanting more.

4.

Instructional strategies, when used
correctly keep students from becoming
bored with what they learn. When a
teacher uses the same strategy over and over
again, it becomes boring to students. This is
something that makes students lose focus
and interest in learning.

5.

Instructional strategies enhance instruction
and boost learning. When teachers are
continuously exploring and tweaking their
delivery system, a beautiful thing happens.
Over time, they become more effective at not
only finding great instructional strategies but
also with implementing them into their class.

Pedagogical approaches
Learning is dependent on the pedagogical
approaches teachers use in the classroom. A
variety of pedagogical approaches are common
in schools, but some strategies are more effective
and appropriate than others. The effectiveness of
pedagogy often depends on the particular subject
matter to be taught, on understanding the diverse
needs of different learners, and on adapting to
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the on-the-ground conditions in the classroom
and the surrounding context. In general, the best
teachers believe in the capacity of their students to
learn, and carefully utilize a range of pedagogical
approaches to ensure that learning takes place.
Teacher-centred pedagogy positions the teacher
at the centre of the learning process and typically
relies on methods such as whole-class lecture,
rote memorization, and chorus answers. This
approach is often criticized, especially since
students complete only lower-order tasks and are
afraid of the teacher.
Learner-centred pedagogical approach has
many associated terms draws on learning theories
suggesting learners should play an active role
in the learning process. Students therefore use
prior knowledge and new experiences to create
knowledge. The teacher facilitates this process,
but also creates and structures the conditions for
learning. Considerable research and advocacy
has promoted learner-centred pedagogy in recent
years for economic, cognitive, and political
reasons.
Learning-centred pedagogy is a relatively new
term that acknowledges both learner-centred
and teacher-centred pedagogy can be effective,
but teachers must consider the local context,
including the number of students in the class, the
physical environment, the availability of teaching
and learning materials. It suggests that teachers
should be flexible and carefully adapt their
pedagogical approaches based upon the school
environment.
Every teacher develops his/her own way of
teaching; he/she uses a personal pedagogy. This
is often defined as the way teachers teach their
pupils. According to the literature, there are
different kinds of pedagogies. The pedagogies
we find interesting, are as given below. These
pedagogical constructs are used in varying
degrees and in different ways in different
disciplines and in varying amounts.
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Learning by listening
This kind of pedagogy is also called the ‘learning
by being told’ model (Bourne et al, 1997). It’s a
very traditional form with lectures as the main
activity. This way of teaching is economical for
the lecturer but rarely useful for the learner. There
is no interaction with the instructor; so little
learning takes place. Although it isn’t effective
for the learning outcomes, it has the possibility
to replay the lectures. This isn’t possible in a
traditional face-to-face setting.
Discovery learning
This kind of learning used to be associated with
searching for information in a library. Students
came to the library, searched for literature
and discovered solutions to solve an authentic
problem. Nowadays, with the use of the Internet,
a lot of searching is done on the Web. According
to the literature of Bourne et al (1997), Web
searches are often much better than traditional
library searching.
Discovery learning is also defined as a highly selfdirected and constructivist form of learning (de
Jong & van Joolingen, 1998). A constructivist form
of learning calls for a multiplicity of perspectives
so that learners have a full range of options
from which to construct their own knowledge.
The instructor provides coaching or scaffolding
to assist students in their discovery, but he/she
would not overly direct the learning process
(Reeves, 1994). This type of learning is mostly
designed for individual students and focuses on
reading. Assessment can be self-organized via
Web-based tests and communication with other
students and/or instructors is limited (de Boer,
2004).
Learning by doing
Learning by doing is a kind of ‘hands-on
experience’, and so it is a very practical form of
learning. This kind of learning is often adopted
in science studies where students gain their
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knowledge in laboratories. The ‘learning by doing’
pedagogy is very effective in a traditional setting
where students can create their own things. The
writing and critiquing part, is of course very
effective in an online-learning setting because a
lot of students and experts have access to giving
and getting feedback.
Learning through discussion and debate
The effectiveness of this kind of learning depends
most on the context factors, like the group size and
the role of the instructor. In the past, discussions
and debates were organized in real settings with
real people. The most effective learning outcomes
were gained in a small class with an effective
instructor. Nowadays, the discussions and
debates are very popular because they are used in
online environments.
Blended learning
It seems that a lot of social interactivity such as
body language, greeting, socializing and faceto-face contact are very important in education.
So the question rises whether the use of web
technology is always the best solution. The
traditional sort of lectures, assignments and study
expectation can be the basic elements within this
approach. But what becomes more flexible, or
‘stretched’, is the way in which students can carry
out or participate in these. (de Boer, 2004)
Use of Technology in the Classroom
It is also important to incorporate modern
technology in classrooms as a way of preparing
students for the outside tech demanding jobs
and tasks. Now every job will require some skills
of technology, so it is very important to bring
this technology into the classroom and also to
incorporate it into the educational curriculum.
It is very easy to learn new subjects using a
computer and internet.
Use of Teaching Aids in Teaching and Learning
Teaching in this modern period is increasingly
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becoming more complex and technical to be
effectively actualized with traditional tools
alone. The development in modern technology
has made available a wide range of instructional
materials to supplement teachers’ efforts in the
teaching-learning process. Effective teaching
and pedagogical delivery depends mainly
on the cordial relationship and free flow of
communication between the teachers and the
students. Verbal instruction, which is seen as
the easiest form of instructional and teaching
delivery system, apart from real experience, is
always very abstract. A lot of pedagogies can be
distinguished, but we think that a lot of teachers
use some elements of all these pedagogies. They
can create their own pedagogical approach with
their own well-chosen elements.
Conclusion
Adapting pedagogy to a mixed-level, in large
and under-resourced classrooms is a matter of

concern. Effective pedagogy is often contextdependent; therefore teachers need to receive
specific preparation for making contextual
adaptations in their teaching approaches through
both pre-service and in-service training. When
teaching in large classes it is vital to maintain
classroom routines. Many excellent teachers
set up routines for group-work, peer review,
distributing papers, etc., to help reduce chaos
and to increase instructional time. There are
also specific techniques for effective use of
questions and discussions in large classrooms.
In under-resourced classrooms, teachers need
to be especially creative about how to use
locally-available materials, and how to connect
lessons to observations of the social and natural
environment. These approaches can, in fact,
strengthen teaching even in well-resourced
classrooms since teaching and learning materials
are most beneficial when they are relevant to the
harmonious development of the students.
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Abstract
Innovation in education generally refers to the
creation of better or more effective products,
processes, technologies, or ideas that are
accepted by those in charge of education
– teachers, administrators, parents, etc.
Innovation encourages teachers and students
to explore, research on and use all the tools
available to uncover something new. It involves a
different way of looking at problems and solving
them. Innovation improves education because it
compels students to use a higher level of thinking
to solve problems. The practice of effective and
meaningful teaching can benefit immensely
when educators thoughtfully experiment and
apply new or different pedagogical approaches,
technologies, curricular enhancement, course
design, course organization, and assessments.
Teachers can use various effective pedagogies in
the classroom towards enhancing the capabilities
of the students. This descriptive paper analyses
the various modes of innovative techniques
which help to develop some fruitful capabilities
among students.
Keywords: Incidental learning, Adaptive learning,
Cross over learning, Context based learning,
Embodied learning
Introduction
Innovation in education generally refers to the
creation of better or more effective products,
processes, technologies, or ideas that are accepted
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by those in charge of education – teachers,
administrators, parents, etc. Innovation differs
from invention or renovation in as much as it
signifies a substantial positive change compared
to incremental changes. An effective teacher must
have a range of different teaching and learning
tools that can be drawn up and used in
classroom situations. The teacher must have
profound subject knowledge and effective
pedagogical skills if he/she is to get the ideas
across to the students and make effective learning
occur. As they imply the introduction of things
new, innovative techniques bring in new ways
of getting information. These are opposed to the
‘old techniques’ like surveys, questionnaires, etc.
Some of the innovative practices that teachers
can practice in schools are mentioned here.
1. Learning
Questioning

through

Discussion

and

Students can advance their understanding
of science and mathematics by arguing in
ways similar to professional scientists and
mathematicians. Arguing out their ideas
and methods helps students to grapple with
contrasting ideas and thus deepen their learning.
It also allows students to refine ideas by placing
them along with opposing ideas. Teachers can
spark meaningful discussions in the classroom
by encouraging students to ask open-ended
questions. For this purpose, teachers can use
questioning strategy in a wider manner.
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2. Incidental Learning
Incidental learning is the learning of one stimulus
feature while concentrating on another stimulus
feature at the same time. It happens when one
least expects it. From watching television, reading
a book, talking with a friend, playing a video
game or, as quite a few language students do,
travelling to another country to be surrounded
with a new language. This stimulus feature is
unintentional in that it results from other activities.
Researchers usually study incidental learning by
observation and/or by participation in everyday
life. Incidental teaching involves creating an
environment in which students’ interests are
easily fostered and nurtured, and one in which
students can be most successfully motivated.
This process maximizes learning opportunities
through typical activities. An instructor waits for
the student to initiate engagement.
3. Embodied learning
Embodied learning is an educational method
that has been around for a while in education. In
this method, one not only offers an intellectual
way of teaching, but also involves the whole
body. It provides a way through which alternative
forms of teaching and learning can be integrated
and accepted into the classroom. A curriculum
can span various disciplines to make concrete
its visions of creating spaces where learners
create personal and social meaning with and
in the body. Embodied knowledge is a type
of knowledge where the body knows how to act.
A simple and general example is riding a bicycle.
Almost everyone knows how to ride a bicycle,
and he/she can do it without any deliberation.
There is no need to verbalize or represent in the
mind all the procedures required.
4. Context based learning
This type of learning encourages teachers to
have the confidence to creatively reflect on
their teaching practice as it responds to the
particularities of their own teaching contexts.
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Learning context is defined as the situation
in which something is learnt or understood,
a situation that can impact how something is
learnt or what is taught. An example of learning
context is the external learning environment
including the quality of equipment and facilities
and the training level of the teacher. It includes
anything in the surrounding environment:
physical, social, institutional and personal that
may have an influence on teaching and learning.
5. Cross over learning
The concept of crossover learning refers to a
comprehensive understanding of learning that
bridges formal and informal learning settings.
Learning in schools and colleges can be
enriched by experiences from everyday life;
informal learning can be deepened by adding
questions and knowledge from outside the
classroom. Inquiry-based learning is one of
the most powerful teaching strategies in the
classroom because research tells us that students
learn best when they construct their own
meaning. An effective method is for a teacher to
propose and discuss a question in the classroom,
then for learners to explore that question on a
museum visit or field trip, collecting photos or
notes as evidence, then share their findings while
back in the class to produce individual or group
answers.
6. Adaptive learning
Adaptive learning is a computer-based and/
or online educational system that modifies
the presentation of material in response to
student performance. Adaptive learning is
one of the methods in education through
which
specific
teaching
devices
or
instruments are employed in an effort meet
the specific learning needs of individuals.
Through the use of advanced technological
tools, instructors can transform traditional,
broad-based learning into precision learning.
With adaptive learning, the method and pace
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of instruction is customized for each individual
student, which could improve his/her chances
of truly understanding new academic concepts.
Adaptive learning, also known as adaptive
teaching, is an educational method which
uses computer algorithms to orchestrate
the interaction with the learner and deliver
customized resources and learning activities to
address the unique needs of each learner.
Conclusion
Pedagogy refers to the interactions between
teachers, students, the learning environment and
the learning tasks. This broad term includes how
teachers and students relate together as well as
the instructional approaches implemented in the
classroom. Decisions regarding the curriculum,
disciplinary practices, student testing, textbook
selection, the language used by the teacher,
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etc., can empower or disempower the students.
It recognises that educational practices favour
some students over others and some practices
harm all students. It also includes factors like
encouraging contact between students and
faculty, developing reciprocity and cooperation
among students, encouraging active learning,
giving prompt feedback, emphasizing time on
tasks, communicating high expectations and
respecting diverse talents and ways of learning.
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Abstract
Thermal springs are considered as natural
phenomena emitting earth’s internal energy. The
geothermal energy is emitted in the form of heat,
water and gas source, and mineral component.
Thermal springs at Attri and Tarabalo of Odisha are
aligned invariably in specific tectonic lineament
of the region and related with structural break.
They are mostly confined along the periphery of
the Gondwanagraben of Odisha. The chemical
ingredients of the water are usually related to the
interaction between water and rock. The source of
water is accepted as meteoric. The heating process
has been influenced by geothermal gradient,
decay of radioactive materials and exothermic
reactions. The associated gaseous phase is related
to the decay of radioactive elements and organic
matter. This paper discusses the genesis and the
utility of these thermal springs.
Keywords: Thermal spring, Hot spring,
Gondwanagraben, Noble gases, Geological setting
Introduction
Thermal springs are the springs that issue water
at temperatures substantially higher than the
atmospheric temperature of the surroundings
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and come from great depth. Surface and ground
water reaching great depths in a geothermal
basin, get heated and partly get converted into
steam. They are naturally spectacular events
as they are sporadic on the surface of the crust
expressing earth’s internal energy. Thermal
springs, as significant non-conventional source
of energy, are yet largely untapped in the present
stage of scientific and technical knowledge. These
are also considered as the most suitable nonconventional source of energy that can be used
without polluting the environment.
Preliminary studies on the hot springs were
carried out by several interested men, viz., Ghosh
(1954), Acharya (1966), Deb and Mukherji
(1969), Chaterjee and Guha (1968) Singh et al
(1996) and Mahala (2018). The thermal springs
of Odisha were first described in “Jungle life
of India” by Ball (1876). Oldham and Oldham
(1882) and Ghosh (1954) provided reference on
a few of them while reviewing on the thermal
springs of India, which included valuable
information concerning the occurrences of
thermal springs of India. A systematic study on
the thermal springs of Odisha had been carried
out by Acharya (1966). The Geological Survey
of India (GSI) published a special publication
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titled “The Geothermal Atlas of India” in 1991.
The present report provides information in some
detail about the important hot springs of Odisha.
Detailed investigations have been carried
out in and around the earmarked areas. The
hydrological properties of the hot water have
been studied, chemical characteristics of the
thermal water analyzed and the nature of
water has been interpreted. Thermal springs
are associated with emanation of certain gases
including noble gases like helium. On the basis of
the above findings, an attempt has been made to
infer the source, nature and characteristics of the
water and heat. An attempt also has been made
to generate a conceptual model on the origin of
thermal springs of Odisha based on the present
investigations.
Geological Setting
Regional geological investigations around
the thermal spring areas of Odisha lead to
deciphering the broad structural framework and
establishing its relationship to the geothermal
activity. These are mainly confined to crystalline
schists or granite gneissic terrain of Easternghat
Supergroup or Iron Ore Supergroup (Fig. 1).
As a matter of fact, most of the hot springs are
usually located in the tectonic regime. They
emerge more or less along a line, which indicates a
mega-lineament, fault or fissure. These structural
breaks serve as the avenues through which heated
water from deep regions appear at the surface,
the linear arrangement of the spots of thermal
springs broadly matching with the trend of the
lineaments, such as, the Mahanadi lineament,
under which come Attri and Tarabalo, within the
southern fault of the Gondwana basin. The hot
springs at Attri and Tarabalo lie on the WNWESE trending the major lineament parallel to
the Mahanadi graben. Attri is located on the
intersection of NNE-SSW trending the Rana
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river lineament and the WNW-ESE trending
lineament, running parallel to the Mahanadi
lineament. At Tarabalo the springs fall along the
NNE-SSW lineament at a small distance from
another major NW-SE lineament.
Location
Attri
The hot spring at Attri in Begunia Block of Khurda
District is well known since long. It is about 48
km away from the State capital Bhubaneswar,
off Khurda. In the proximity there is a temple of
Lord Mahadev dating back to the Eighth Century,
suggesting a long connection of the spring with
human civilization. Of late the place is developed
as a tourist spot by the Tourism Department,
Govt. of Odisha, and is well connected by allweather roads.
Tarabalo
A Cluster of thermal springs occur near Tarabalo
village in the Bolgarh Block of Khurda District,
and these are well known since long. Tarabalo is
situated about 10 km away from Rajsunakhala,
which is also on the State Highway connecting
Bhubaneswar and Phulbani. It is 65 km away
from the state capital Bhubaneswar. The place
is well connected by all-weather road and is
presently being developed as a tourist spot by the
government of Odisha.
Surface Manifestation
There is a single spot issuing hot water at Attri,
where as several spots of hot springs are clustered
together at Tarabalo area. There is continuous
seepage of hot water in and around the spots and
the area is waterlogged and swampy. Gas bubbles
are seen with water but less frequently than those
of Attri. The springs are sulphurous in nature.
There is a luxuriant growth of screw pines around
the thermal spring. In most of the cases the
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thermal spring spots are protected by masonry
structures. Encrustation of white and yellowish
material is marked on the surface as well as on
the parapet wall. Temples are constructed near
the spring, as people consider these places as
places of worship because of the natural curiosity
they arouse (Mahala, 2018).
Attri Spring
The thermal spring at Attri is emanating at a single
spot with vigorous gas activity accompanied by
the water discharge. The spring is sulphurous
in nature and the gas fills the air giving out its
smell. Ball during his visit in 1876 to this spring
area mentioned that “The water rose in the center
of a rice field, with no rocks being visible in the
vicinity”. Discharge of water is copious and with
it a quantity of sulphuretted hydrogen is given off
(Fig. 2).
Tarabalo Springs
The thermal springs at this place emerge at an
elevated area covering about 8000 square meters.
Thermal activity is spread out to several spots,
nearly 25 in number. It is considered to be the
largest thermal field in Odisha with the highest
temperature (Fig.3). Gas bubbles are seen with
the sprouting water but less frequent than those
of Attri. There are wild growths of screw pine
(pandanus sp.) locally known as “Kiabani” near
the hot springs area (Fig.3).
Tectonic Framework
Certain geological conditions are necessary for
the thermal springs to ooze out on the surface of
the earth from deep-seated sources. As a matter
of fact, most of the hot springs are usually located
in a tectonic regime. They emerge more or less
along a line, which indicates a mega-lineament,
fault or fissure. These structural breaks serve as
the avenues through which heated water from
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deep regions appear at the surface. The location
of thermal springs are along distinct lineaments
and these structural features are also remotely
connected with thermal activities created possibly
by deep seated intrusion related activity or any
other heat producing factor along them.
Litho-Assemblages
The rocks found near to the thermal springs have
been described as below.
Attri Rocks
The hot spring at Attri lies in a low-lying area
almost on the Rana river valley within a lateritic
cover. Rock exposures are not present within
a radius of 3 km around the hot spring where
alluvium and diluvium are abundant. The nearest
rock exposures are observed 3 to 4 km south of
the hot spring and further towards southwest and
southeast directions. The rock types comprise
mainly of khondalites and charnockites. They
trend in the east-west direction with a subvertical dip (Singh et al, 1996).
Rock Types
(i) Khondalite
Khondalite, the metasediment rock, is
the predominant lithotype of Easternghat
Supergroup. It is essentially composed of quartz,
feldspar, garnet, sillimanite +/- graphite and
reveals well-marked schistose/gneissose fabric.
The rock has suffered high-grade metamorphism
up to granulite facies. Presence of dark brown
colour garnets, elongated quartz and feldspars
is noted in the weathered profile. Sillimanite
needles are elongated along the foliation planes.
Garnet porphyroblasts are corroded and exhibit
sub-rounded shape.
(ii) Charnockite
Charnockite is the other important litho-unit of

Vol. 52, No.4 & Vol. 53, No. 1 | Oct.-Dec. 2019 & Jan. – Mar. 2020.

Easternghat Supergroup. It comprises of quartz,
feldspar, garnet and ortho-pyroxene, and shows
granulose texture. It is considered as both orthoand para-metamorphites and suffered granulite
facies of metamorphism. It contains almost fresh,
grey to bluish grey colour quartz, white feldspar
and pinkish brown garnet. Though they show
granulitic texture on weathered surfaces, a faint
foliation is marked with identical latitude with
that of the khondalites.
(iii) Leptynite
Leptynite is encountered in the area and consists
of quartz, feldspar and garnet. It is leucocratic
in hand specimen and shows granulose texture.
Garnet of pinkish brown colour is well noted in
this rock. Leptynite in the study area occur as
intrusions within khondalites and charnockites
in form of veins.
(iv) Laterites
Laterite is a secondary rock on the surface and
is the weathered product of parent rocks lying
below. It is porous and cavernous in appearance
but hard in nature. It is reddish brown in colour
because of iron staining. The laterites around Attri
are low-level laterites and patches of khondalites
occur within them.
Tarabalo Rocks
Tarabalo thermal springs are lying along the valley
of Kaligirinala. These thermal springs lie at a 2 to
3-meter higher elevation than the surrounding
ground carved out of valley fill.
The area around the hot springs is a swampy,
muddy land where hot water oozes at different
spots. The rock types comprise of charnockites
and porphyroblastic granite gneisses belonging
to Easternghat Supergroup. The area adjoining
the hot springs is covered with soil/alluvium
(Singh et al, 1996).
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(i) Charnockite
Charnockite is found around the area and
comprises of quartz, feldspar, garnet and mafic
minerals mostly pyroxene. It is hard, compact
and marked with incipient joints/ fractures and
metamorphosed to granulite facies.
(ii) Porphyroblastic Granite Gneiss
Porphyroblastic granite gneiss is also present in
and around the area. The porphyroblasts looks
more or less lensoidal in shape, grayish in colour
and can be termed as augen gneiss. Their origin is
thus clear.
Some porphyroblasts are elongated in habit and
the longer axes are often more than 8cm and the
shorter axes measures 3 to 4cm. The elongated
porphyroblasts are identified as microclines.
The host rock has a broad foliation striking east
west with a sub-vertical dip. The elongated hill
located to the SSW direction of the hot spring
is composed of khondalites, pyroxene granulites
and leptynites. Khondalite in this area is well
banded having east-west trending foliation with
sub-vertical dip due north. The basic granulites
and leptynites are not much weathered and exhibit
faint foliations only on weathered surfaces.
Hydrological Characters
The temperature of the surface water of the
thermal springs ranges from 54oC, at Attri to
67o C, at Tarabalo. The pH value of the thermal
waters indicates a neutral to mildly alkaline
character. All the thermal springs discharge
colourless and clear hot water. Sulphur odour
is discernable throughout the year at Attri and
Tarabalo. Though the volume of water released
remains more or less constant, difference in the
rate of discharge is observed (Singh et al, 1996)
(Table.2). Spring water showing gas bubbles with
eddy feature is found at Attri (Fig. 4).
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Chemical Characters

quantity of hot water.

The chemical nature of the water of the thermal
spring often provides clues to their origin. The
study of the chemistry of the water in some
thermal springs of Odisha has been carried out
but to a limited extent (Swain and Padhi1986;
Mahala, 2018). The water and gas samples were
collected from these hot springs and analysed in
the laboratory by adopting standard techniques.
The values of the total dissolved solids indicate
them to be low in mineral content.

It is already mentioned that the thermal
spring water is beneficial for the treatment of
rheumatism, arthritis and skin diseases. Hence
spas (health resorts) can be developed near the
thermal springs. Government of Odisha has
already developed tourist resorts at Attri. Similar
health resorts and tourist spots can be developed
at other hot spring areas, which can boost the
economy of the local people and can bring in
foreign exchange to the government exchequer.
Large storage tanks and water harvesting
structures may be constructed in these areas to
use the water locally for ground water recharge
(Mahala, 2018).

On the basis of the concentration of various
chemical constituents, the water of the thermal
spring water of Attri and Tarabalo are sodium
chloride rich. This indicates that thermal
springs lying south of Gondwana Graben are
predominantly NaCl rich (Table. 3).
Analysis result of gas samples reveal that nitrogen
is the main component of geothermal gases (88%
- 90.5%) followed by oxygen (1.2 - 6.6%) and they
together constitute more than 95% in volume.
Other gases detected are helium, argon, traces of
methane and carbon dioxide (Mahala, 2018).
Possible Uses of Geothermal Resources in India
Geothermal energy manifestations in the form of
thermal springs occur at eight places in Odisha.
The geothermal energy resources of Odisha have
a scope to be utilized in the fields of direct or nonelectrical applications, as the thermal springs are
low enthalpy type.
Chemical analysis results indicate that the water
of the thermal springs is potable except those
of Attri and Tarabalo springs because of higher
fluoride content that exceeds the permissible
limit. Cashew processing and coconut oil
extraction industries can be developed near
the high temperature thermal springs of Attri
and Tarabalo, as these industries consume huge
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Genesis
The genesis of thermal springs is an important
aspect of the present investigation. The paradigm
on the genetic aspect of components, namely,
water, heat and gas, of the thermal springs has
been drawn on the basis of database generated
during present study. The thermal springs of
Odisha are mainly confined to the crystalline
schists and gneissic terrains of Precambrian
age. It is accepted that the meteoric water is the
main source of the water of these thermal springs
(Singh et.al, 1996, Swain and Padhi, 1986). Since
the water of the thermal springs in Odisha has
low TDS, the heat is inferred to be derived from
a non-magmatic source as the thermal systems
associated with volcanism usually have very high
TDS (White, 1957, Saxena and Gupta, 1982).
The higher temperature of the spring water is
because of rise of temperature by geothermal
gradient, exothermic reactions, and disintegration
of radio-active elements (Mahala, 2018). As there
is no igneous activity, the rise of temperature
is not related to magmatism. The exothermic
metamorphic reactions are responsible for rise
of temperature of the water. The Precambrian

Vol. 52, No.4 & Vol. 53, No. 1 | Oct.-Dec. 2019 & Jan. – Mar. 2020.

terrain is enriched in radioactive elements
(Ghosh, 1954). Since these springs discharged
water through the Precambrian metamorphic
terrain, which is the storehouse of radioactive
minerals, they might have released temperature
through disintegration of radons. The chemical
elements present in the minerals/ rocks get
dissolved in the hot water while coming in contact
during circulation. It has already been reported
that rocks of Eastern Ghat Granulites contain
sulphide bearing minerals like pyrite, pyrrhotite,
etc. These minerals, while coming in contact with
hot water, impart sulphur smell.
Gases such as nitrogen, oxygen, argon, methane
and carbon dioxide are present in decreasing order
(Mahala et. al., 1997, Mahala, 2018). The gaseous
composition of the thermal springs is different
from the present atmospheric level (PAL). The
higher percentage of nitrogen in the springs is
probably due to the air saturated meteoric water
and partly may be due to the dissociation of
ammonia/methane in primitive atmosphere. As
cited by Acharya (1966), Gautier’s suggestion
of foundering of sialic blocks and consequent
squeezing out of water from the mass resulted in
the formation of water vapour. This is because of
the down faulting of Gondwana basin against the
fault contact between two tectono-stratigraphic
terrain: Iron Ore Super Group (IOSG) in the
north, and Eastern Ghat Super Group (EGSG)
in the south. A conceptual model on the genesis
of thermal springs of Odisha along Gondwana
graben is given in Fig.3. The middle part of
Odisha is down faulted (rifted) and the rift valley
is filled with sediments. The northern fault is
termed as Sukinda thrust and the southern one is
designated as north-Khurda fault. The two faults
form the boundary of the Gondwana graben and
later are filled up by sediments. These two mega
lineaments are responsible for the occurrence of
the thermal springs (Fig. 5).
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Discussion and Conclusion
Thermal spring is a natural phenomenon and
manifestation of earth’s internal source of energy
received in the form of water, heat, minerals and
gas. The thermal springs of Odisha are issuing
from within metamorphites and associated with
mega lineaments especially along the contacts of
Gondwana Graben and Precambrian crystalline
rocks. The source of water is of meteoric origin
which gets heated up by deep circulation through
fissures and faults. Hydro-chemical characters
of the hot spring water have been influenced
significantly by water-rock interaction. The
atmospheric air, litho-types and water-rock
inter action together contribute to the thermal
spring gas composition. The thermal springs are
considered to be of meteoric origin and the heat
source may be derived from geothermal gradient,
disintegration of radioactive elements or from the
exothermic reactions during metamorphism. A
conceptual model is drawn in order to decipher
the origin of thermal springs all along the faults
(Gondwana graben). It has also incorporated the
possible source of water and heat responsible for
the manifestation of thermal springs.
Geothermal energy will reduce the atmospheric
emissions of various polluting gases and
particulate matter to avert global climatic
change. The springs in non-volcanic regions get
heat from rise of geo-isotherms or penetration
of water to greater depth. There is no evidence
of recent magmatic activity around the thermal
springs of Odisha. The rocks through which the
water circulates at high temperature influence
the mineral composition as well as radioactive
character of the water. It is already mentioned
that the Pre-Cambrian rocks are carrier of
radioactive elements. The thermal springs of
Odisha are mostly issuing from Pre-Cambrian
terrains. As the water of thermal springs has
low TDS, the heat has been derived from a non-
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volcanic source. The thermal spring water is being utilized for bathing and cooking by local people,
who believe and drink this water for the treatment of gastric disorders and skin diseases. The water
from springs of Tarabalo region can also be used for agricultural purpose. Since the water flow is
perennial, cultivation is done throughout the year. There is a possibility for utilization of heat and
water of the thermal springs for food processing and green house cultivation around these areas.

Fig. 1.Location of thermal springs of Odisha.

Fig. 1.Location of thermal springs of Odisha.
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Fig. 3 - Masonary structure around the thermal
spring area at Tarabalo
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Fig. 4 - Spring water showing gas bubbles with
eddy feature at Attri
Table-1. Location of Thermal springs of Odisha
S l .
Name of the Hot spring
No
1
Attri
2

Tarabalo

Name of the District Latitude

Longitude

Toposheet No

Khurda

20 o 12’N

85o 31’E

73 H/12

Khurda

20 15’N

85 19’E

73 H/8

o

o

Table-2. Hydrological Characters
Name of the
pH
spring

Temperature in

Attri

7.7

Tarabalo

7.8

Type of Discharge Odour

Colour

54

Hot water with
Sulphurous
steam

Colourless

67

Hot water with F e e b l y
Colourless
steam
sulphurous

0

C

Table-3. Distribution of major cations and anions in the spring water
Constituents

Attri

Tarabalo

Constituents

Attri

Tarabalo

EC

987

762

Cl

254

184

TDS

560

426

SO4

60

47

Na

174

126

CO3

4

6

K

4

3.5

HCO3

14

24

Ca

22

6

F

6.2

7.5

Mg

2

2
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Abstract
Annie Besant was not only a social reformer
and a political activist but also a humanist who
raised her voice for the empowerment of women
throughout her career. She joined the National
Secular Society that emphasized ‘free thought’.
Her ideas and topics of interest were on birth
control, on women’s empowerment, on education
and on trade union and franchise. Annie Besant
also served as the president of the Theosophical
Society at Adayar, Chennai, and was the founder
of Women’s Indian Association in 1917. Though
a foreigner hailing from Ireland she was a
contributor to women’s empowerment and she
gave her voice for the development of women in
India throughout her life. Though she has many
achievements to her credit, this paper focuses on
her role in empowering the women of India.
Keywords: Annie Besant, Women empowerment,
Education, Trade union, Franchise, Women’s
Indian Association.
Introduction
Annie Besant was a heroic model for ‘Women’s
Empowerment’.
She was a foreigner who
demanded the representation of women in
social institutions. She raised her voice for the
rightful position for women in society and also
demanded franchise for women. Annie Besant
arrived in India in 1893. She toured all around the
country with Henry Steel Olcott, the President
and Founder of the Theosophical Society. She
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was a militant atheist, socialist and trade union
organizer as well as a women’s rights advocate.
She initiated the emancipation of women in her
first public lecture on “The Political Status of
Women” in 1874. As a movement for women
Women’s Indian Association was began in
1850. It demanded for higher studies, better
employment, reform of divorce laws and property
rights for women. Besant insisted on women’s
emancipation through her writings and speeches
in the 1870’s and 1880’s in England. Annie
Besant was fighting for women’s rights against
British imperial policies. But she was criticized
by the British, and the Indian social reformers
also condemned her as a British imperialist.
Annie Besant is considered to be the most
powerful woman in Indian politics. Though a
British, she spent her last 40 years in India. She
was a lifelong activist; and many of her ideas were
too big for her times. Her voice for women was
raised in Ireland in 1877 as she spoke for birth
control in Ireland, and the issue continues till. She
was also in close association with the Marxists
and hence was called as ‘Red Annie’.
She believed that women’s empowerment could
be attained through education. Hence she
focused on female education. She supported
single and widowed women. She insisted on
Women’s professional training, and she wanted to
train Girls to be “the heads of happy households,
lights of the home”. With this idea in mind she
started the Central Hindu College in 1898. It
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was later attached to Hindu University on 27th
November 1915. In recognition of her services to
Indian Education she was conferred the degree of
Doctor of Letters in 1921. The Indian Boy Scout
Association was also founded by her in 1918.
On her successful conduct of the movement she
was made the Honorary Scout Commissioner
of Indian Scouts and Guides. In 1932 she was
accorded the highest world level distinction,
the ‘Silver Wolf ’ Medal, for her exceptionally
meritorious service by the Word Chief Scout,
Lord Baden Powell, himself.
With the support of her colleagues Margaret
Cousins and Dorothy Jinarajadasa, Women’s
Indian Association (WIA) was founded in May
1917 to work for Indian Women’s rights, including
suffrage. She agreed to serve as the president. She
was an active participant of WIA and worked
with the activists such as Margaret Cousins,
Dr. Muthu Lakshmi Reddy, Sr. Subbalakshmi
and Sarojini Naidu. The main objective behind
the formation of this Association was the
empowerment of women. The founders were
known as the ‘Daughters of India’.
Besant was instrumental for women to get
involved in movements. Women of India had
organized themselves into political movements
and demanded Besant’s release when she was
arrested. WIA also published a monthly journal
in English titled ‘Stri-Pharma’. The editor of the
journal was Muthulakshmi Reddy from 1931
to 1940. WIA holds the credit for being the
first Women’s Association in India to present a
memorandum to the Round Table Conference
for Women’s Franchise and their Constitutional
rights, in addition to being the initiator of the
first All Asian Women’s Conference.
To its credit, WIA has 40 branches at present, with
9000 members, and takes care of 5000 women. At
the centre at R.A. Puram in Chennai they provide
training for the woman to learn Computer
Science, Nursing and Tailoring. A hostel is also
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attached to it to accommodate women.
The centenary celebration of Women’s Indian
Association (WIA) was celebrated at Theosophical
Society in 2017. It was inaugurated by the then
President of India Pranab Mukherjee.
Annie Besant was a champion of Women’s Rights
and also fought for several social issues. She was
in controversy for writing about the need for birth
control, as she was the first woman who dared to
speak about it. She also fought and protested for
the women who were working in match stick
factories and against the inhuman and unfair
treatment meted out to them.
WIA has fought against many social evils against
girls and women, for the education of girls,
against child marriage, and the denial of voting
rights. She pleaded many times for radical change
in social conditions.
Besant was referred to acknowledge the
remarriage of widows that was forbidden by
Hindu law. But the British legalized widow remarriage in 1856. To this act Besant replied that
“the intense love of the wife could not dream of
transferring it to another”. But to make a mention
she never wished any change of Indian women’s
empowerment, as she felt it was the one most
spiritual in the world.
She insisted that India could never become
great unless men and women walked side by
side and hand in hand. Just as a bird ‘with one
wing broken before it starts upon its flight’. She
changed her attitude towards widow remarriage
and vocational training for women as the joint
family stream was breaking down. In relation
to this she spoke against seclusion of women
and said “shutting up of women is unworthy of
civilization. Indian men do not deserve to be
free politically, until they give freedom socially to
Indian women”.
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In 1917 when she visited Madras she requested
for Indian Self Government and so demanded
franchise of women. Annie Besant was supported
by Balgangadhar Tilak. It led her to be elected as
the First Woman President of Indian National
Congress. From her presidential address up
to the end she voiced in India and in London
about the importance and awakening of Indian
women. The speech of Annie Besant titled “wake
up India” was a commuting force which united
womanhood in 1914.
She strongly believed that women were in need
of representation. The grievances and wrongs
against women can only be done away by the
women who are sent to parliament as their
representatives. In her speech she emphasized
on allowing women to grow freely, as nature bids
them and developing a warm nesting place in
their bosom will make a heaven for a child. But if
you check, fret and carp them you will succeed in
making them hard and bitter. She also strove for
each and every human being to have liberty and
equality before law for all men and women.
The Irish Theosophist Society in Madras under
Annie Besant compelled Indian Woman to join
together for two important matters, viz., the
Home Rule Movement and Swadesi Movement.
She encouraged the women empowerment
movement and their participation in politics. It
was a time when women were not encouraged or
even permitted to part in public life.
The woman activists who participated along with
Annie Besant were Sarojini Naidu, Kamaladevi
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Chattopadhya, Vijayalakshmi Pandit, Rem
Chakravarthi, Indira Gandhi, and others. The
champions of the weaker sex fought for equal
opportunities, female education and female
emancipation. Some prominent women reformers
were Sarojini Naidu, Durgabhai Deshmukh,
Kasturba Gandhi and sister Nivedita. Native
leaders like Pandit Ramabai Rande, Toru Dutt
and others involved in various social awakening
programs.
There were many organizations fighting for
women’s empowerment such as the WIA of 1917.
The National Council of Women in India founded
in 1925 by Lady Aberdeen, Lady Tata, and others;
All India Women’s Conference (AIWC) founded
in 1927 by the efforts of Margaret Cousins and
others are some of them. Muthulakshmi Reddy
was a woman from the upper caste who became
the first female legislator from Tamil Nadu. She
presided over the Women’s Indian Association
at Adayar – which later grew as the All India
Women’s Conference at Poona (now Pune) in
1927 and the All Asia Women’s Conference at
Lahore in 1931 and she started the Society for the
Promotion of National Education (SPNE).
Gandhiji was profoundly influenced by Annie
Besant. She was a British military feminist and
a theosophist. In 1933 on the day of her death
the Hindu Newspaper stated that “women can
indeed be noble and great”. Sarojini Naidu said
that “for the women of India she had done more
in her time than any other single Indian women”.
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THE WASTE LAND: MYTHIC CONSCIOUSNESS OF
THE GRAIL MYTH AND VEGETATIVE RITES PRECEDING
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Abstract
This paper examines T.S. Eliot’s “The Waste Land”
through readings of Jessie L. Weston’s “From
Ritual to Romance”, Chretien de Troyes’ “The
Story of the Grail” and A. E. Waite’s “The Pictorial
Key to the Tarot”. These writings amply bring out
the mythic consciousness of the Grail myth and
vegetative rites preceding Christianity that are
found in Eliot’s poem. This paper further aims
to illustrate how Eliot appropriated the pagan
vegetative myths along with the Grail myth to
bring the reader/auditor of the poem to identify
with the Christian understanding of ‘Salvation’ as
something not only Christian but also predating
the beginnings of Christianity. The conceptualism
of The Wasteland as one steeped in references to
multiple myths that are both pagan and Christian
in understanding is explored in depth.
Keywords: Myth, Grail, King Arthur, Pagan, Tarot
Cards, Pagan, Tarot Cards, Early Aryan religion,
Fylfot Cross/ Swastika, The Fisher King
Introduction
For his poem The Wasteland, Eliot has
acknowledged that he has benefited greatly from
Jessie L. Weston’s book From Ritual to Romance
which argues that the Holy Grail myths are
inextricably linked with the ‘pagan’ vegetative and
fertility myths that have preceded Christianity.
Looking at Eliot’s poem from this view, there is
a deep sense of despair spiritually, mentally and
physically and also a lingering hope for a hero to

58 |

New Frontiers in Education

appear and replenish the waste land – a dried out
experience and to restore it to a nostalgic ideal
form that would again have meaning. It is a stage
where language would again have potency and
where the spirit would be of contentment and
surety. It is sought to prove here that Eliot’s The
Waste Land is not only an appropriation of the
pagan myths but also a deliberate employment of
the same in the poem to bring the reader/auditor
of the poem to identify with the Christian myth
of redemption since the Grail myth itself has
been popularized through the Christian versions
of King Arthur and his knights of the Round
Table. The elements of the pagan vegetative and
fertility myths within the poem have been drawn
out and studied at length by many scholars and
it is interesting to see how the core element
of the poem functions on a myth or myths of
obscure origins. Art cannot exist by itself but is
inextricably linked to past traditions and present
innovations. Therefore, Eliot has made it a point
to include vast notes to his poem The Waste Land
but also proclaims infamously that he included
those notes only to make the slim volume of the
poem a little bit fuller to please his publisher –
the publisher being himself. He also said that
some of the notes were added only to mislead
the reader and do nothing much else. Hence,
one might opine that one’s “wild goose chase” of
the Grail Legend and the Tarot cards is futile in
truly understanding the poem. The familiarity,
however, initiates a larger understanding of the
poem in its fragmentariness and ‘ruinic’ state,
frozen in temporal-spatial reality to be dug up
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and studied, deciphered and understood by
people of another era, another world altogether.
The Myth of King Arthur and the Holy Grail
Looking at the mythic workings within the poem
one can see that the essential character of the
poem is modeled on the myth of King Arthur
and the Holy Grail. Eliot borrowed extensively
from this myth and even appropriated the Waste
Land from Sir Thomas Malory’s Le Morte d’Arthur
(XVII.iii)1 as the title of his poem:

of the subject become objective reality. The same
barrenness is well encapsulated in the following
lines taken from section I ‘The Burial of the Dead’
of Eliot’s The Waste Land:
What are the roots that clutch, what
branches grow
Out of this stony rubbish? Son of man,
You cannot say, or guess, for you know only
A heap of broken images, where the sun
beats,

And hit was in the realme of Logris, and
so befelle there grete pestilence, and
greteharme to bothereallmys; for there
encresed nothercorne, ne grasse, nether
well-nye no fruyte, ne in the watir was
founde no fyssh. Therefore men calle hitthe londys of the two marchys- The Waste
Londe, for that dolorous stroke.

whole, suggests life in suspension, but life and
not death... It has been called falsely a card
of martyrdom, a card of prudence, a card of
the Great Work, a card of duty ... I will say very
simply on my own part that it expresses the
relation, in one of its aspects, between the Divine
and the Universe.

The myth speaks of the inextricable link of the
human world, its activities, failures, and successes
to the world of nature and its elements. Therefore,
the impotency of the Fisher King as well as his
maimed state reflects the sterility of his land.
Also interestingly enough, Weston links this
myth to the studies of pagan practices by such
scholars as Sir James G. Frazer in his The Golden
Bough: A Study in Magic and Religion where the
recurring themes of the killing of the previous
high priest or king to be replaced by a new avatar
and the marriage of fruitfulness of this new
avatar with a female deity/queen is essential to
the vegetative and natural fertility and prosperity
of the land. The mirroring effect between the
human enactment of natural prosperity and vice
versa is apparent enough and what Eliot did in
his The Waste Land is to appropriate this mythic
pagan belief into a solid representation that the
barrenness of the soul/mind and body reflects
upon the surroundings/ environment and nature.
This, one might say is the objective co-relative
function where the emotions and the experiences

It is apparent enough that the card does however
suggest sacrifice of a life with the knowledge of
a rebirth thereof. However, it is seen in Eliot’s
poem in the tarot card section that Mme.
Sosostris is unable to find the Hanged Man in
her/his reading. The implication of this within
the poem can lead to two inferences. Firstly, the
reading of the cards is a farce being carried out by
a man dressed as a woman. Secondly, the reading
of the missing Hanged Man implicates the end of
the cycle of birth and rebirth, and therefore the
end of life thus working to heighten further the
apocalyptic nature of the poem. Mme. Sosostris,
however, announces “Fear death by water” which
is oxymoronic to what fertility rites and myths
suggest. Water normally is a life giving force
and fish coming from it is a sign of prosperity.
In Chapter III, “The Freeing of Waters” Weston
elucidates the commonalities between the Grail
myth and early Aryan religion taking examples
from the Rig Veda. Weston suggests that these
commonalities between the ancient Aryans and
the later myth of the Grail are not by accident
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but that the recurring theme of “the freeing of
the waters” is common with most agricultural
civilizations. ‘The freeing’ then is a liberation of
the life giving forces of water of which the heroes
of the Grail myth finally succeed in doing and of
which the Rig Vedic heroes/ god also succeeds in
doing.
The Fire Sermon
In Section III of The Waste Land titled “The Fire
Sermon” a connection is again made with the
afore-used image of the rat (l 187) as a signifier
of decay. “Vegetation” is mentioned clearly in
the same line with the ‘rat’ and therefore instead
of signifying the close proximity of fruitfulness
between the animal world and the vegetative
world one rather sees the decay mirrored from
the prior to the latter1. Throughout this section
is played out the theme of rape and submissive
dead coitus both having the commonality of
being non-reproductive either by violating
(Tereus and Philomela) or just an act of sheer
boredom (the typist and her carbuncular lover/
visitor). This again harkens back to the vegetative
rites and Grail myths expounded by James G.
Frazer and Jessie L. Weston. The barrenness
of this conventional reproductive act is also
heightened by a biographic study of Eliot at
the time of the composition of this section2.
Again to highlight unfruitful coitus further, a
mentioning of Sweeney and Mrs Porter is made
with a reference to Sweeney Erect a creation by
Eliot himself in which the protagonist Sweeney
functions as a modern mythic character. Mrs.
Porter is a either a prostitute or the proprietor
of a brothel. The mention of ‘Cannon Street
Hotel’ in the same section is also a reference to
unfruitfulness as this is known to be a meeting
place of homosexuals. Another element of this
section is the constant sing song sound that
pervades this section with “Weialalaleia” (l 290)
and “la la” (l 306)3 heightening the negation of
life force in the waste land depicted on the poetic
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topography of this poem. “The Fire Sermon” ends
with the allusion to its namesake of Buddhist
origin “The Sermon” which is “Burning, burning,
burning, and burning” (l 308)4. The allusion to
this sermon is probably a gesture on the poet’s
part to preclude the probable hope of redemption
or salvation presented in the last section “What
the Thunder Said”. The interlude of the section of
“Death by Water” between section III and V is a
fulfillment of Mme. Sosostris’ prediction in the
earlier section of “The Burial of the Dead”. Again,
one sees the negation of the life giving force of
water that instead causes death. Yet here, death
prefigures possible rebirth that follows in the last
section and hence, the prediction of “Fear death
by water” by Mme. Sosostris becomes instead
“Have no fear of death” because with death comes
salvation/ rebirth in a spiritual sense.
The Sound of Thunder
In section V, “What the Thunder Said” is an
allusion made to Brihadarayaka Upanishad5
and “DA”, the sound of thunder borrowed from
there. The thunder is symbolic of impending
rain at first associated with the barrenness of a
dry storm (ll 322-384) with a kaleidoscopic burst
of images and reference to a sterile martyrdom
of the Christ/ Adonis/ Tammuz figure but
later associated with life giving rain with the
appearance of a cock akin to the cock that crowed
prior to Christ’s resurrection: “Only a cock stood
on the rooftree/ Co corico co corico/ In a flash of
lightning. Then a damp gust/ bringing rain.” (ll
391-394). The sound of the cock calling forth life
can be juxtaposed with the sound of the sorrowful
nightingale in earlier section. The cock can also
be alluding to the phallic symbol of fertility, thus
initiating rejuvenation and salvation at last in
The Waste Land. The thunder also alludes to the
Apocalypse in revelation to St. John which refers
to 7 thunders in Chapter 10. In Eliot’s poem we
have only four mentions of thunder with the
three ‘Da’ totalling that to seven. The reference
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to thunder again is an allusion to death with a
possible rebirth.
Conclusion
The Wasteland as a poem of five parts is one that
overwhelms the reader at the first glance: The
fragmentariness of the text lends to it a semblance
of a familiar yet cryptic code. However, Eliot’s
notes to the poem give it a wholesomeness that
otherwise evades the reader/auditor. The notes
act as guide and counter guide and give the
experience of knowing and not knowing. Eliot’s
acknowledgement of Weston’s text greatly helps
in situating the poem as a unified whole but yet
one can situate the poem as a coherent piece just
by linking certain tropes and devices such as the
all-pervasive fallowness, the similar but different
women characters, the cross dresser, fraud seer

and Teresias the real seer and the Sibyl. Linking
tropes gives the poem its shape and imparts
meaning to an otherwise seemingly unstructured
poem that emblematizes in its very form ‘Chaos’,
an apocalypse, a death to ultimately bring forth
birth or rebirth. The beating of the ‘DA’ at the end
heralds the end yet the poem closes with “Shantih
Shantih Shantih” which for Eliot means “The
Peace which passeth all understanding”. Thus to
end, one can conjecture that the poem ends on
a chanting of peace and hope but one cannot but
help tread carefully when making this inference
as the chant indicates a simultaneous promise
and dread of what would come afterwards.
One can only borrow Derrida’s term ‘deference’
here to facilitate a sense of constant elusiveness
of meaning in the poem The Wasteland. The
meaning is grasped at certain levels but slips away
like sand through one’s fingers.

References
Ackerly, C. J. “Part 3: The Waste Land
Preliminaries.” Ackerly, C. J. T S Eliot: ‘The Love
Song of J. Alfred Prufrock’ and ‘The Waste Land’.
Humanities-Ebooks.co.uk, 2007. 19-25.
Eliot, T.S. A Norton Critical Edition: The Waste
Land, T.S. Eliot. Ed. Michael North. University of
California, 2001.
Eliot, T.S. “Notes on the Waste Land.” The
Waste land. Ed. Michael North. University of
California, 2001. 21-26. October 2014. <http://
lit.genius.com/Ts-eliot-notes-on-the-waste-landannotated#note-894818>.

61 |

New Frontiers in Education

Frazer, James George. The Golden Bough: A
Study in Magic and Religion. Project Gutenberg,
2003. HTML.
Troyes, Chrétien de. Perceval, Or, The Story of
the Grail. University of Georgia Press, 1985.
Waite, Arthur Edward. The Pictorial Key to the
Tarot: Being Fragments of a Secret Tradition
Under the Viel of Divination. London: William
Rider & Son Limited, 1911. Print.
Weston, Jessie L. From Ritual to Romance.
Cambridge University Press, 1920.

Vol. 52, No.4 & Vol. 53, No. 1 | Oct.-Dec. 2019 & Jan. – Mar. 2020.

THE WARRIOR SPIRIT
Darlene P. A. Sawian
Department of English, Union Christian College,
Barapani, Meghalaya
Abstract
This paper will shed some light on the spirit of
honour, courage, loyalty and chivalry which
knows intimately the benefits of sacrifice. It is
embedded in different cultures and finds its
greatest expression when there is an intrusion
from a foreign element. History reveals that
warriors who have embraced this spirit are
invoked to fight with all their might and main to
defend what is theirs, to right wrongs, to serve
justice and to safeguard their land. The objective
of this paper is to delve deep into understanding
the reasons why and the conditions under what
wars are being waged. There is a dire need for
heroes and also for those who have fought for
their land being extolled and immortalised. For
the Khasis, protecting their land means protecting
their identity. Under the leadership of men who
embodied the Warrior Spirit like U Tirot Singh
and U Mon Bhut the warriors making use of
guerrilla tactics were able to resist the might of
the British. This Spirit is a strong undercurrent
which flows through the fabric of human
existence. It is also a centric-consciousness that
is open to the world that does its best to avoid
what is evil and speak up for those who endure
injustice. Its rooted presence in us, whether in a
lesser or greater extent, can rid the world filled
with injustice, oppression, racism and corruption,
whose perpetrators try to impose their will on
others.
Keywords: Warrior spirit, Heroes, Courage,
Loyalty, Sacrifice, Safety, Need, Justice, Warriors,
Khasis, Guerrilla warfare.
Introduction
Life can be defined as a balance of energies.
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There is light and darkness, domination and
submission, creation and destruction, and life
and death. The predominance of one over the
other creates a disharmony of the whole. There
has been a disorder in the world because of the
urge of Man to dominate and to destroy even
though the purpose of which he has been created
is life- sustenance. The intrinsic purpose of his
existence is not to maim and to kill but in fact,
his innate nature is to be productive, creative and
to function well in the society. Man’s instinct has
always been to protect his own possessions and
to thrive in the place for which he has a sense of
belonging. So, if there has been an intrusion or an
invasion which creates an imbalance in his little
world, the deeply-rooted Spirit in him surfaces
and takes shape as a defender. This Spirit is called
the Warrior Spirit and since time immemorial it
has always identified itself with war.
The Need for Warriors
Throughout the pages of history, we have seen
warriors fighting against injustice and defending
their land from foreign aggression. Wars have
been fought and heroes are born. Their valiant
and courageous deeds inspire people even today.
The Greek poet Homer penned in his epic The
Iliad about the legendary Trojan War and every
reader stands in awe of the warrior-hero Achilles.
The Republic of Plato speaks of a Utopian society
where each and every individual plays a pivotal
role for the effective functioning of civilization.
In this ideal state, Plato insists that there are three
types or castes in society- the guardians, a caste
whom he considers to be the rulers of the land,
then, the people who are in a capacity to provide
or offer some kind of service called the producers
and lastly, there are those he specifies to be the
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warriors who defend the land, whom he aptly
describes as the auxiliaries. From Plato’s vision
of Utopia, we can understand that the presence
of warriors in the society is required. They are
the ones who sacrifice their lives when the need
arises.
Justification of War
When one goes down the memory lane, he/
she can see that wars have been fought for
many reasons and the consequences have been
devastating. But, there are times when wars
become a necessity in order to amend injustice
or to obliterate evil. The person who propounded
a theory on war and justice is St. Augustine, and
St. Thomas Aquinas revised it by creating three
tenets relating to the justification of war. Thus,
Plato’s ideal warriors ought to serve justice and
discern when to declare war and upon whom it
is to be declared. In Thucydides’ History of the
Peloponnesian War, Pericles who is considered
to be an eminent politician of Athens gave
his epic speech to commemorate those who
died at the end of the first year of the war. The
Athenians were great and their greatness lies in
what the warrior class fought for. They also had
a tremendous pride for their customs, continues
Pericles, but most importantly, he considered that
the most dignified and honourable path of dying
was the way the soldiers or warriors died.
The Khasi Warriors
It is seen that any race, any culture, any society
is in a dire need of warriors and the spirit that
they embody. In any political entity, in any tribe
that fights to preserve its identity, the warrior
spirit ought to stand out. In a community like
the Khasis, the sense of preserving their identity
is the very foundation of their existence and
it emanates from a deep sense of struggle. It
encompasses their culture, their language, their
heritage and their land. Protecting their land
means protecting their identity. There was a
time in history when the world of the Khasis was
threatened by a foreign invasion and the war cry
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echoed the land.
There is a sense of pride to think of the courage
and tenacity shown by U Tirot Singh, the Chief
of Hima Kingdom of Nongkhlaw, in the 19th
Century. The British entered the Khasi hills under
the guise of the East India Company and wanted
to build a path connecting Guwahati with Sylhet
via Nongkhlaw.
“Teeruth Singh, the Cassya Rajah of Nunkhlow,
wished to rent some lands in the plains of Assam,
which his ancestors had been accustomed to do
from the Assamese Rajah. Mr Scott replied that
he would be happy to oblige him in that respect,
provided he exerted himself to induce his people
to grant a free passage through his territory to
the British subjects proceeding to Sylhet, or vice
versa, from Sylhet to Assam (White, 10). This was
the agreement between Tirot Singh and David
Scott, the agent to the British Governor–General
of the North Eastern Frontier of Bengal and
Commissioner of Revenue and Circuit in Assam.
Another reason was also because of, “the false
and foolish speech of a Bengali Chaprassee, who,
in a dispute with the Cassyas, prior to Mr. Scott’s
coming up, had threatened him with his master’s
vengeance, and had plainly told them that it had
entered into his master’s plans to subject them to
taxation, the same as the inhabitants of the plains”
(White, 15). “Foremost in every fight, although,
often discomfited and once severely wounded, he
has ever breathed the same spirit of defiance, and
has proudly expressed his determination never to
submit to the British Government with his dying
breath” (White, 20).
The Use of Guerilla Warfare
The might of the British was challenged by
the use of guerrilla strategies. When a foreign
invasion and oppression take place, guerrilla
warfare is the weapon traditionally used to right
the wrongs done to a people. The oppressed and
exploited have no other choice but to revolt. The
Khasi warriors were also adept at this method of
warfare. On a grand scale, guerrilla operations
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were used in Spain in between 1808-1813. The
patriotic Spaniards who fled to the mountains
to fight against Napolean’s army were not in fact,
revolutionists, nor did they desire a change in the
government. Their only desire was to force the
French armies out of Spain. “Guerrilla Warfare
is not dependent for success on the efficient
operation of complex mechanical devices, highly
organised logistical systems, or the accuracy of
electronic computers. It can be conducted in any
terrain, in any climate, in any weather, in swamps,
in mountains, in farmed fields. Its basic element
is man to man and is more complex than any
of his machines. Guerrilla warfare is therefore,
suffused with and reflects man’s admirable
qualities, as well as, his less pleasant ones”
(Zedong Mao, 7). The British had their artillery
but as the historical records show, warriors like
Mon Bhut used swords, bows, arrows, spears and
shields, but more importantly revealed not only
his patriotism, but his dexterity and skill to evade
capture from time to time.
In the book ‘On Guerrilla Warfare’ by Mao
Zedong, Mao opines, “a trained and disciplined
guerrilla is much more than a patriotic peasant,
workman or student armed with an antiquated
fowling-piece and a home-made bomb. His
indoctrination begins even before he is taught
to shoot accurately and it is unceasing. The end
product is an intensely loyal and politically alert
fighting man” (Mao Zedong, 8). The warriors of
the Khasi tribe were loyal and indeed, adept and
skilful in many areas like organising, planning
and strategising counter-attacks, but more
importantly, they were discerning and insightful
in understanding the consequences of the British
invasion. “They saw that the continued British
penetration would, in the long run, be disastrous
to their political, social and economic systems
and would deprive them of their economic
independence. They cherished great fears in
these and other issues. The Guerrilla strategies
undertaken by them show their dexterity,
flexibility and mobility. This warfare is just like
how the flea, through persistence alone, would
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vanquish the much larger and stronger dog.
Today, the so-called warriors are not actually
seen guarding the land per se but its deep-rooted
spirit makes it become part and parcel of the
society. It creates a feeling of oneness, assures a
sense of protection, safety and security, and more
importantly, provokes others to assist whenever
there is a need. It is being entrenched in the
community, so that if any tragedy strikes the
members of the locality, all and sundry is made
known through a customary practice called
‘pyrtashnong’. It is an awakening – ‘koshnong!
ko thaw’ – to the whole village/ locality and this
is performed by men who would assemble at
night to make the announcement. The society
has become fragmented, tainted with greed,
malice and jealousy. There is a clarion call for
men to return to their roots and for love to tie
the bond between them. This is an invocation for
the Warrior Spirit to return, to be embraced, to be
positively channelized and to be enshrined in the
hearts of men once again.
Conclusion
Today’s society suffers from the pain of the
wounded, the loss of innocence, the unheard
voice of the helpless and the disintegration of
values. There is an utter sense of hopelessness and
helplessness when we observe the world around
us. The sense of frustration that has given birth
to this conscience-dead and spiritually arid world
has made us delve deep into our very purpose of
existence. There is a looming thought that hangs
above our head when we ponder about our fate.
But, the warrior spirit in man adds a soothing
effect to the wounds of a fractured society as it
promotes a sense of oneness and a strong sense of
community feeling. A true warrior understands
that physical courage is not the absence of fear
but merely the belief that many things are worth
more than fear. Louis Fischer opines, “Fear or
cowardice makes a small man who will yield
to pressures and not defend his freedom, his
principles or himself ” (Fischer, 24). This was
the reason behind Gandhi’s famous statement,
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“where there is a choice between cowardice
and violence, I choose violence” (Fischer, 24).
Personalities are immortalised in the hands of
time because of the services they rendered, the
sacrifices they made and the warrior spirit they
embodied. This spirit is predominant in the
heart and soul of every man irrespective of the
culture that he belongs to and the language that
he speaks, and it is deeply rooted in the core of
his being. It finds its greatest expression when it
gets confronted with a difficult situation, which,
in turn, reveals the true nature of the individual
and the society or community that he belongs
to. It also has a relevance to the Greek belief
in thymos connoting ‘spirit ‘which ennobles a
strong sense of vitality, a passion to fight or an
undoubting energy. One who possesses it is

encouraged to strive, to go against the current,
to fight every obstacle or hurdle standing in his
way, to go against all odds and to achieve his aim.
He, in turn, paves the way, shapes the destiny for
his posterity making his name and his memory
eternal.
Now, the life-values ought to be protected and
defended. Man’s duty is to perform the difficult
mission to stand up when needed against those
who act unethically or immorally – against life
itself. When the warrior spirit has been deeply
ingrained in the heart of man, it will emit a
positive energy and a high intensity of life,
which will bring purpose to his very existence.
Therefore, when the intrinsic values of life have
been maintained, there will be perfect harmony,
restoration and an over-all balance of human
energies.
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BOOKREVIEW:
TRIALS, TRIBULATIONS AND TRIUMPHS:
LIFE AND TIMES OF A SOCIOLOGIST –
T. K. OOMMEN
Prof. George Thadathil SDB			
Principal, Salesian College, Sonada, WB

The book under review is of 304 pages and in
three parts outlining what probably is a new
genre in Indian publishing history. It is neither
an autobiography nor a pure memoire of
institutional life but rather a combination of the
biographical trajectory of an individual within
the institutional spaces he has occupied. In and
through the narration in 12 chapters of Part I
titled as “Torments of Sociology” and another 10
chapters of Part II titled as “Beyond Sociology”
and the following 5 Appendices, TK Oommen
traces what an individual has contributed to the
development of a field of knowledge within its
intellectual trajectory, in his case, to Sociology in
India and to some extent globally.
Knowledge production and the role of education
within this scheme of affairs are increasingly
under critique globally, and yet it is the universally
recognized means of transformation and course
correction since its very lack has proved to be
the cause of the demise of civilizations and
cultures. Oommen traces his own academic
journey, from ‘entering sociology’ and passing
through ‘tumultuous path to a PhD’ and how he
enters the ‘academic and political milieu of JNU’,
describing in that process how ‘the social and
academic formation of the Centre for the Study
of Social Systems’ took root. In each of these
steps he outlines specifically his own role and the
nuances of academic structures in their making.
The book under review thus becomes besides
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being a ‘work-o-graphy’ as he terms it, a valid
resource that expones how through individual
players, developments have happened within the
framework of higher education in India.
The organization of the ‘XI World Congress
of Sociology’ won him global acclaim for his
professional performance among the world
professionals. It is recorded in detail, though
with some regrets for the non-recognition of the
good accomplished, the lambasts made instead
and ‘local vilification’ along with mudslinging.
He regards the Presidency at the International
Sociological Association the crowning glory of his
career dedicated to intellectual work paving the
way for such recognition for the country and its
sociologists as was manifested in the XIII World
Congress of Sociology that he chaired bringing
international visibility. It was an occasion to
showcase his talents and accomplishment in a
non-home ground (Bielefeld, Germany), and
highlight the contribution of Indian sociologists
on the global arena. He continues to narrate the
academic accolades that came his way and the
agonizing experience of getting elected as the
President of the Indian Sociological Society, that
went to justify the title he has chosen for the
book, ‘Trials, Tribulations and Triumphs’.
He was the President of the International
Sociological Association even while he was the
secretary to the Indian Sociological Society, a
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step that probably initiated the kind of critique
to his presence, in addition to the ideological
stance of neutrality within the supposedly leftist
thinking university and academia. He goes into
the details of the contestations and persons as well
as dynamics involved, giving a hint to the human
side of organizational leadership and terms it as
‘agony’ on his part to have stuck through with
the association for the love of sociology. It is
interesting to see how Oommen converts even
this agonizing experience into an academic
discourse by writing a paper on ‘Professionals
without Professionalism: Situating Sociology’
in a special number of Seminar (495:24-28) on
‘A Symposium on Knowledge, Institutions and
practices in a Discipline’ in 2000. This also forms,
in a revised version, the very last chapter and as
an ‘epilogue’.
The stature he held as an academic and scholar
is revealed in the kind of ‘foreign visiting
assignments’ that came his way during the
tenure as the President and thereafter. These
were occasions when he nurtured friendships
and academic contacts at the institutions visited.
He narrates how these encounters were also
self-created as the cultural difference in foreign
universities of being reticent and not being
forthcoming in seeking out colleagues and
experts came as a surprise to him (p.115). These
visits were also occasions for him to chalk out,
prepare and deliver lectures, and to have articles
published in reviews of repute. It also gave insights
into the unique character of nations and peoples,
as he describes about the situation of USSR in the
1970s (p.126).
The chapter on ‘the travails and triumphs of
publishing’ makes insightful reading for those in
academia to get a firsthand idea of the point of
beginning and the trajectory of the reputed author
that he became for more than one publishing
house with over 30 books to his credit, along with
200 research papers (110 in research journals and
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90 as chapters in edited works). Besides being
academically sound and rigorous he has also
been contributing to the popular papers and for a
wider audience of generic interest. The credibility
of an intellectual actualizes when one becomes
a public intellectual. It happens when one
intervenes to comment on the happenings in the
country and the direction policy should take as
averred from the research-provided knowledge
of the state of affairs.
National Fellowship of the Indian Council of
Social Science Research which came his way
in 2010-12 as the twelfth sociologist to be so
honoured led to the completion of the research
project on ‘social inclusion.’ Though brought out
by a renowned publisher, Orient Blackswan, it
has been insufficiently reviewed is ruled by him,
Again as characteristic of his studied stance on
every significant observation of sociological
nature, he sees in it a foreboding not too good
for a democracy that ought to be becoming
vibrant in public discourse on issues of ‘inclusion
and exclusion’ and its reasons. This observation
becomes truer by the day as we witness his
prescient words coming to project a present
which he foresaw as a possible future.
In Part II, which looks ‘Beyond Sociology’,
he narrates the circumstances of the ‘sundry
assignments and responsibilities’ that came
his way, engaging with YMCA, the Churches
and Ministries, WCC, and NCTE. These are
examples of how he places his intellectual
capabilities at the service of social agents engaged
in societal transformation at various levels.
The willingness to learn from what others have
accomplished and bringing it to the public eye
was something that he relished doing in his
academic career. It could be seen as another side
to the guiding of research scholars in the inside
space of a research institute or university scholar’s
library. This leads to the Planning Commission’s
‘Project on Poverty among Religious Minorities’
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in which he played a significant role along
with other scholars. His observations on the
completion of this task, comparing the status of
people in various religious community cohorts,
is worth quoting: “In contrast, SC converts to
Islam and Christianity are subjected to double
discrimination as the benefits of reservation are
denied to them. Since conversion does not lead
to the diminution of caste discrimination, caste,
and not religion ought to be the basis of policy
formulation by the state.” (p.188).
The ‘Global Studies Programme’ (Chapter 15)
was a fall out of the international connections
built during the Presidentship of ISA and came
to benefit students and faculty in JNU (India),
KNU(South Africa) and ALU (Freiburg,
Germany) wherein students could do courses in
three different campuses and get a joint degree and
faculty could collaborate in research across the
continents and universities. Chairing the ‘Gujarat
Harmony Project’ (GHP) is like a fitting tribute
to the Mahatma whose 150th birth anniversary is
celebrated this year showing the deterioration of
the state of affairs - as far as communal harmony
is concerned - ever since 1951and arriving at
2002 riots having prepared its way through 1969
riots and the awakening of the anti-Muslim
sentiments among the Hindus and the Youth in
particular who are asked to be virulent to resist
the attempt to eliminate Hinduism. This plan of
the preservation of religion through violence, a
path rejected by Gandhi (who has been recently
and even then, compared with Lenin), and
now seems succeeding with the onslaught of
Hindu right-wing nationalism gaining massive
ground in many a pocket across the country.
The GHP he chaired attempted a longer lasting
strategy of creating ‘social reconciliation between
the estranged communities’ as an innovative
intervention. HIs realism comes to the fore again
in acknowledging that where the state and market
seemed silent in intervening significantly the
chance of making a mark as a civil society project
seemed pretty little.
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Moving ‘Beyond Sociology’ is yet again highlighted
in chapter 17 as ‘Venturing into Security Analysis’,
and this is unusual for a sociologist, especially as
it is a domain specific to the political scientist
and international relation expert. The Ford
Foundation initiative led to his being requested
to chair a Delhi Policy Group initiative to
comprehensively analyze security policies. The
findings came out as his book Understanding
Security: A New Perspective (Macmillan, 2006).
A second initiative of this nature came with the
invitation to be on ‘Prime Minister’s High Level
Committee’ in 2005. Though initially meant to
work only on three chapters out of the 12, given
his acumen, energy and the fact that on most
committees (as he succinctly notes) all do not
work equally he ended up being almost its copy
editor. He also perceptively notes how there was
varying degrees of reception accorded by the chief
ministers while visiting them on the project and
the fact that the bias and preconceived notions of
individuals implicitly change little over the years
and even with additional responsibilities coming
one’s way, as is visible in the case of the Chief
Minister turned Prime Minister (p.219).
One of the features of the work-o-graphy that
Oommen has written is that through the narrative
of how books and articles got written, one also
gets to know the trajectory of social sciences
in general and sociology in particular in India
especially and even in the neighbouring states.
Chapter 19, ‘Social Inclusion Research Fund,
Nepal’ is one such inroads into the transition
from socialist states to welfare states wherein the
welfare programme for the needy and the poor
got diluted, and, ever since, we have the situation
aggravating with the onslaught of capitalism and
capital driven modern empires making their way.
A country like Nepal bordering on India, both with
the unique feature of caste system and its inbuilt
exclusionary mechanism deserve comparison
and calculated interventions. Acknowledging this
deficit, the Norwegian government came forward
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to address the question of social inclusion through
its SIRF (Social Inclusion Research Fund) which
then into its second phase (2009-12) invited Prof.
Oommen to be on its seven-member committee
as an expert. Analysing the Nepal society he avers:
“The plurality of Nepal is embedded in
two dimensions - cultural and territorial.
Cultural insiders in Nepal are the
inhabitants of the hill territory where life
is conditioned by Sanskritic Hinduism.
In contrast, those who inhabit the plains
(the Terai region) are cultural outsiders
who follow the folk versions of Hinduism.
Hill people are subjected to certain hostile
ecological disabilities; In contrast, if the
plains people are socially inferior they
have economic advantages.” (p.223)
The fact that the former group suffers from the
hostile ecological disabilities, whereas the plains
people, though socially inferior, have economic
advantages is perceptively noted by Oommen,
drawing out the demographic and territorial
features from the research data. The National
Inclusion Commission (NIC) of Nepal and the
inclusive and egalitarian approach as taken in the
new constitution are some of the fall outs of the
research initiatives led by this project. He ends the
chapter with a note that “although independent
India took numerous policy measures some even
decades ago to uplift the disadvantaged - SCs,
STs, OBCs, religious minorities and women - it
cannot be said that India has a well thought-out
social inclusion policy”(p.237). Whether this
sweeping observation would stand the test of
the inclusive vision of the Indian constitution
is doubtful, whereas its truth cannot be negated
by way of the non-implementation and success
of the application of the constitutional vision in
India.
In 2002, as Oommen retired from JNU he became
the chairperson of the Schumacher Centre,
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Delhi, a registered society with a nine-member
team and retains the status to date. It envisages
‘an India without chronic poverty where all its
citizens have the opportunity to live with dignity,
freedom from hunger and deprivation’. This vision
is channelized into its mission of promoting
‘harmonious and sustainable development
though application of appropriate technology’.
Even as Schumacher was influenced by Gandhiji,
it carries forward the notion of ‘antyodaya’
focusing on the weakest in society in measuring
the quality of the ‘good society’ based on ‘state,
market/business and civil society’. Even this
platform of societal intervention for addressing
the grass roots poverty issues and quality
enhancement of the lives of the poor through
intermediate technology, Prof. Oommen did not
lose time or energy in converting those strategies
of intervention and its learning outcomes into
research papers in sociological journals. The
chapter ends with a poem of appreciation by
none other than D. K. Giri, the Founder Director
of SCD, (2000-2013).
The story of how he came to be awarded the
Padma Bhushan on 5 May 2008 is narrated
in Chapter 21. Having prefaced his narrative
with the cautionary note that in a multi-party
democracy these award nominations are never
‘impartial’, he goes on to describe how the award
that came his way was accorded as a genuinely
deserved acknowledgement of his meritorious
performance as a sociologist in the Indian and
International scene. Even here his penchant
observation that among the illustrious awardees
of the day, the attention went solely to those
from the entertainment industry and the sports
and the least attention went in the direction of
the ones from the academia is not with regret
but as a statement of disappointment for the
society which he has been studying and closely
observing not without attempting to transform. It
is emblematized even further while recording the
poor acknowledgement of the event as well as his
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accomplishment even from his own institution
that he served for more than three decades.
The penchant that Oommen had to court
controversy, as hinted in the first part with
especially the JNU status and the Sociological
Association leadership, is culminated in the
‘turbulent presidency’ he held ‘at the National
Media Centre’, recorded in the penultimate
chapter, 22. The history of how he came to occupy
a residence in the prime location of Gurgaon, and
how the Media-related occupants of the enclave
and the non-media occupants had a tussle over
the management of the affairs of the residential
society gets quite a detailed narration. It is done,
again as a record of facts as a sociologist observes
the behavioural patterns surrounding the status
and roles of individuals in a human environment.
Persons with responsibilities, rights and duties,
having to discern and execute as a cohort for the
welfare of all have to be often reminded of the
spirit of democratic citizenship having to be the
guiding principle in big or small decision. In this
sense, what might have become an acrimonious
divulging of internal operations of the Board
and the dynamics that operated in order to
settle scores, turns out instead to be a case study
meant for the students of social sciences to gauge
and ruminate as to derive a discourse on the
individual vs group interactive dynamics of a real
time situation.

The appendices again are written records of the
‘farewell speech at JNU, on 22 October 2002’;
the ‘vote of thanks at the inaugural session of
the XI World Congress of Sociology, New Delhi,
18th August 1986’; the ‘welcome speech at the
XIII World Congress of Sociology, at Bielefeld,
Germany on 18th July 1994; and the Presidential
Address to the ISA Council Meeting Held in
Gavle, Sweden during (sic) 10 August, 1993. The
last one is the record of all the published ‘books,
monographs and reports by TK Oommen’. On
a minor but significant note, one would wonder
as why a strictly chronological order was not
followed for the first four of the documents
included in the Appendix. Probably it would have
given an additional insight into the transitions in
the thought pattern of the author and protagonist
in his self-revelation, even beyond his own
reckoning - as words have a life of its own when
seen in an evolutionary perspective. It would be
interesting to have a response on this very choice,
as Prof. Oommen, a person who leaves little to
chance, has probably an explanation. Meanwhile,
one cannot but applaud Prof. T. K. Oommen’s
‘Trials, Tribulations and Triumphs: Life and
Times of a Sociologist’ even if one may pick bones
with him as to the intensity of the ‘trials and
tribulations’ in comparison to the ‘triumphs’. We
can be hopeful that this is not his last work, and
can rightfully look forward to a complimentary
volume in the form of a full-scale Autobiography.
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The development of a metal-free protocol for transformations in organic synthesis offers a signiﬁcant
potential environmental beneﬁt. This article reports the exploration of meglumine, a nontoxic and biodegradable amino sugar, as an organocatalyst for the synthesis of biologically active 1H-dibenzo[b,e][1,4]
diazepin-1-ones, highly regioselective benzimidazole derivatives and derivatives of quinoxalines. Operational simplicity, mild reaction conditions, shorter reaction times, and use of green solvents are the highlights
of this protocol. The advantage of ultrasonic irradiation has been signiﬁcantly explored for the synthesis of
the aforesaid compounds. Furthermore, the multifaceted use of o-phenylenediamine has also been accentuated in the study.
J. Heterocyclic Chem., 00, 00 (2019).

INTRODUCTION
Heterocyclic compounds constitute the basic building
blocks of many natural and synthetic biologically
signiﬁcant molecules. N-Containing heterocycles are
often regarded as “privileged” structures owing to
their importance in the development and synthesis of new
drugs. This is evident from the fact that most of the
top-selling drugs, like Nexium, sofosbuvir, and
Abilify, contain N-heterocycles in their skeleton.
Benzodiazepines, benzimidazoles, and quinoxalines
containing moieties represent a signiﬁcant class of
N-heterocycles owing to their varied applications. They are
known to exhibit remarkable pharmacological activity such
as anti-microbial [1–3], anti-inﬂammatory [4–6],

antidepressants [7–9], analgesic [10–12], and anticancer
activities [13–15]. Biologically active 1,4-benzodiazepines
have demonstrated considerable utility in the central
nervous system drug design [16], HIV-1 reverse
transcriptase inhibitor. Benzimidazoles, apart from
containing a signiﬁcant moiety in the nucleotides, have also
been found to exhibit promising pharmaceutical property by
displaying a broad spectrum of biological activity ranging
from anti-ulcer to anti-protozoal activity [17]. It also ﬁnds
importance as ligands in various material applications
[18,19]. Quinoxaline derivatives ﬁnd its applications not
only in the pharmaceuticals but also as an important
component in dyes [20] and photochemical materials.
The synthesis of these heterocycles has been achieved
by employing a wide range of catalysts, which include

© 2019 Wiley Periodicals, Inc.

R. Nongrum, G. K. Kharmawlong, J. W. S. Rani, N. Rahman, A. Dutta, and R. Nongkhlaw
salts [21–24], acids [25–28], ionic liquids [27,29], and
nano-catalysts [30–33]. The great demand for syntheses
involving environmental benign protocol has prompted
the replacement of expensive and hazardous catalysts
with inexpensive and nontoxic ones.
Meglumine or N-methyl-D-glucamine is a watersoluble amino sugar, which can be considered as an
environmentally friendly catalyst owing to its low
toxicity and biodegradable nature [34,35]. However, its
use as a catalyst has not been explored to its fullest
potential. The versatility of meglumine as a catalyst lies
in the fact that it can activate the electrophilic as well as
the nucleophilic components of a reaction owing to the
presence of an amino, and primary and secondary alcohol
groups in its structure.
The use of ultrasound as an alternate energy source
in organic syntheses has been widely reported. Its use
has not only reduced the reaction time drastically but
also improved the yield of the products. This observation
has been attributed to the cavitation phenomenon,
which develops high temperature and pressure in the
microenvironment, thereby creating turbulence and
facilitating mass transfer [36].
As a part of our ongoing effort to develop an efﬁcient
and environmental benign protocol for various organic
transformations, we report herein the manifold use of
1,2-phenylenediamine as one of the common starting
components for the efﬁcient synthesis of benzodiazepine,
benzimidazole, and quinoxaline derivatives catalyzed by
meglumine.

RESULTS AND DISCUSSION
A three-component reaction comprising 1,2phenylenediamine, dimedone, and aryl aldehydes was
carried out in ethanol–water (1:3) medium at room
temperature. The reaction was facilitated by ultrasound in
the presence of meglumine as a catalyst (Scheme 1).
In order to optimize the catalyst loading, a model
reaction comprising 1,2-phenylenediamine, dimedone, and
tolualdehyde was subjected to ultrasonication in ethanol
by varying the amount of the catalyst. It was found that
5 mol% of the catalyst was sufﬁcient for the best yield of
5b at room temperature (<25°C) (Fig. 1).
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Further, the effect of various solvent on the efﬁcacy
of the reaction, using the optimized amount of the
catalyst, was studied. It was observed that polar protic
solvents enhanced the reaction, with ethanol being the
most favorable. It may also be noted that there was no
signiﬁcant change in the product yield when ethanol or
the combination of ethanol–water was used. Hence,
ethanol–water in the ratio of 1:3 was selected as the
appropriate reaction medium (Fig. 2).
The reaction was also studied under both ultrasound
irradiations and at room temperature stirring. It was found
that the time taken for completion of the model reaction
was 20 min under ultrasound irradiation, whereas in case
of room temperature stirring condition, satisfactory yield
of the product could not be obtained even after 5 h of the
reaction. To broaden the scope of the reaction, aromatic
aldehydes bearing both the electron-withdrawing and
electron-donating groups were screened to provide the
corresponding benzodiazepinones in good to excellent yield
(Table 1).
The plausible mechanism for the formation of 5a is
given in Scheme 2A and B, whereby the dual nature of
meglumine is highlighted. In Scheme 2A, the mechanism
proceeds via the electrophilic activation of dimedone,
whereas in Scheme 2B, it proceeds via the nucleophilic
activation of dimedone [34]. Both pathways are suggested
to go through an α,β-unsaturated ketone intermediate,
formed by the condensation of aldehyde with dimedone.
This intermediate then undergoes Michael addition with
the diamine followed by cyclization to give the desired
product.
The reaction was further extended to a two-component
condensation between 1,2-phenylenediamine and aryl
aldehydes to give highly regioselective benzimidazoles
(Scheme 3) and 1,2-phenylenediamines with diketones to
give quinoxaline derivatives (Scheme 4).
Similarly, catalyst loading (refer to Fig. 1) and solvent
optimization (refer to Fig. 2) were also studied, taking
1,2-phenylenediamine and p-tolualdehyde for the
synthesis of 6b and 1,2-phenylenediamine and benzil for
the synthesis of 7a as model reactions. However, in these
cases, 8 mol% of the catalyst supplemented with a higher
temperature (50°C) was found to be a requisite condition
for the formation of the products with optimal yield. As
for solvent, a mixture of ethanol–water mixture in the

Scheme 1. Synthesis of 1H-dibenzo[b,e][1,4]diazepin-1-ones. [Color ﬁgure can be viewed at wileyonlinelibrary.com]
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Figure 1. Catalyst optimization. [Color ﬁgure can be viewed at wileyonlinelibrary.com]

Figure 2. Optimization of solvent. [Color ﬁgure can be viewed at wileyonlinelibrary.com]

ratio of 1:3 was chosen as the favorable medium. In
this case also, aromatic aldehydes containing both
electron-withdrawing and electron-donating substituents
were studied, and the results are given in Table 2. In case
of quinoxaline derivatives, differently substituted 1,2phenylenediamine was made to react with various 1,2diketones under similar conditions to give the desired
products (Table 3).

satisfactory yield of the product in addition to the
application of a less toxic, cost-effective, and versatile
organocatalyst. Moreover, the appendage of ultrasonic
irradiation has drastically reduced the reaction time. This
promising environmentally benign methodology can be
further explored for application to numerous organic
transformations.

EXPERIMENTAL SECTION
CONCLUSIONS
In summary, we have demonstrated the catalytic
ability of meglumine in aqueous ethanol for the synthesis
of some N,N-containing heterocycles. The advantage of
the protocol includes easily available starting material,
operational simplicity, simple workup procedure, and

Reactants and solvents were procured from commercial
sources (Alfa Aesar, Merck, Kenilworth, NJ) and used
without further puriﬁcation. The progress of the reaction
was monitored by thin-layer chromatography (TLC)
using pre-coated aluminum sheets (silica gel 60 F 254,
0.2 mm thickness) and was developed with iodine vapors

Journal of Heterocyclic Chemistry

DOI 10.1002/jhet

R. Nongrum, G. K. Kharmawlong, J. W. S. Rani, N. Rahman, A. Dutta, and R. Nongkhlaw

Vol 000

Table 1
Synthesis of 1H-dibenzo[b,e][1,4]diazepin-1-one derivatives catalyzed by meglumine.
Ultrasonication
Entry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Ar

Product

C6H5
4-CH3C6H4
4-OCH3C6H4
4-ClC6H4
4-BrC6H4
4-NO2C6H4
4-OHC6H4
4-N (CH3)2C6H4
2-ClC6H4
2-NO2C6H4
1-Naphthyl
Furfuryl
C6H5CH═CH
4-(OH),3-(OCH3)C6H3
3,4-(OCH3)2C6H3

5a
5b
5c
5d
5e
5f
5g
5h
5i
5j
5k
5l
5m
5n
5o

Time (min)
20
20
20
25
25
30
25
30
25
30
25
30
30
25
20

RT stirring (5 h)
a

Yielda (%)

Yield (%)
92
92
88
90
92
85
88
88
82
85
88
88
82
90
90

65
68
65
60
68
58
60
64
62
55
55
64
60
65
60

RT, room temperature.
Isolated yield.

a

or under UV light. Melting points were determined in
open capillaries in Optics Technology melting point
apparatus and are uncorrected. Fourier transformation
infrared (FTIR) spectra were recorded with a PerkinElmer
Spectrum BX FTIR apparatus (λmax in cm 1) on
KBr discs. 1H NMR and 13C NMR spectra were
recorded on a Bruker Avance II-400 spectrometer
(Bruker Corp., Billerica, MA) at 400 and 100 MHz,
respectively, in DMSO-d6. Mass spectra were recorded
on a Waters (ZQ 4000) mass spectrometer. The reactions
were carried out in an ultrasonic bath of make Takashi
Model U4.5H/H, Japan.
General method for the synthesis of compound 5(a–o).

To 10 mL of water–ethanol (3:1) solution, 1.0 mmol of
1,2-phenylenediamine, 1.0 mmol of dimedone, 1.0 mmol
of the corresponding aldehyde, and 5 mol% of meglumine
were added and ultrasonicated for the time indicated in
Table 1. Upon completion of the reaction (monitored by
TLC at regular intervals), the precipitated product was
ﬁltered, washed, and dried. In some cases, the precipitate
was further puriﬁed by recrystallization from hot ethanol.
Spectral data of selected products. 3,3-Dimethyl-11phenyl-2,3,4,5,10,11-hexahydro-1H-dibenzo[b,e][1,4]diazepinLight yellow solid, m.p. 248–250°C. IR
1-one (5a).

(KBr): ν 3295, 3233, 2955, 1578, 1426, 1388, 1279 cm 1.
1
H NMR (400 MHz, DMSO-d6): δ 8.51 (s, 1H, NH),
6.87–6.84 (m, 4H, Ar–H), 6.75–6.74 (m, 1H, ArH), 6.66
(d, 1H, J = 7.2 Hz, Ar–H), 6.34–6.25 (m, 3H, Ar–H), 5.92
(d, 1H, J = 6.4 Hz, NH), 5.45 (d, 1H, J = 6.4 Hz, CH),
2.33 (bs, 2H, CH2), 1.95 (d, 1H, J = 16.0 Hz, CH2), 1.83
(d, 1H, J = 16.0 Hz, CH2), 0.83 (s, 3H, CH3), 0.78 (s, 3H,
CH3) ppm. 13C NMR (100 MHz, DMSO-d6): δ 192.0,
154.7, 144.0, 138.4, 130.9, 127.6, 127.2, 125.7, 122.5,

120.4, 119.9, 119.4, 110.0, 55.8, 49.4, 44.0, 31.7, 28.5,
27.3 ppm. ESI–MS: m/z 318 [M]+. Anal. Calcd for
C21H22N2O: C 79.21, H 6.96, N 8.80%; found C 79.21, H
6.96, N 8.79%.
3,3-Dimethyl-11-(p-tolyl)-2,3,4,5,10,11-hexahydro-1HYellow solid, m.p.
dibenzo[b,e][1,4]diazepin-1-one (5b).

232–234°C. IR (KBr): ν 3306, 3248, 3147, 2966, 1599,
1542, 1472, 1378, 1276 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 8.72 (s, 1H, NH), 6.96–6.94 (m, 2H, Ar–H),
6.90–6.87 (m, 3H, Ar–H), 6.60–6.49 (m, 3H, Ar–H), 6.11
(d, 1H, J = 4.8 Hz, NH), 5.64 (d, 1H, J = 6.0 Hz, CH),
2.56 (bs, 2H, CH2), 2.18 (d, 1H, J = 16.0 Hz, CH2), 2.12
(s, 3H, CH3), 2.06 (d, 1H, J = 16.0 Hz, CH2), 1.07 (s, 3H,
CH3), 1.01 (s, 3H, CH3) ppm. 13C NMR (100 MHz,
DMSO-d6): δ 192.0, 154.6, 141.6, 138.5, 134.6, 131.0,
128.2, 127.1, 122.5, 120.4, 119.8, 119.3, 110.3, 55.5,
49.4, 44.0, 31.7, 28.5, 27.3, 20.4 ppm. ESI–MS: m/z 332
[M]+. Anal. Calcd for C22H24N2O: C 79.48, H 7.28, N
8.43%; found C 79.28, H 7.30, N 8.39%.
11-(4-Methoxyphenyl)-3,3-dimethyl-2,3,4,5,10,11hexahydro-1H-dibenzo[b,e][1,4]diazepin-1-one (5c).

Yellow
solid, m.p. 212–214°C. IR (KBr): ν 3445, 3316, 2959,
1547, 1473, 1380, 1332, 1249 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 8.74 (s, 1H, NH), 7.00 (d, 1H, J = 8.4 Hz,
Ar–H), 6.92–6.90 (m, 1H, Ar–H), 6.66 (d, 2H, J = 8.4 Hz,
Ar–H), 6.62–6.51 (m, 3H, Ar–H), 6.11 (d, 1H, J = 6.0 Hz,
NH), 5.64 (d, 1H, J = 5.2 Hz, CH), 3.61 (s, 3H, OCH3),
2.62–2.53 (m, 2H, CH2), 2.20 (d, 1H, J = 16.2 Hz, CH2),
2.07 (d, 1H, J = 15.6 Hz, CH2), 1.08 (s, 3H, CH3), 1.03 (s,
3H, CH3) ppm. 13C NMR (100 MHz, DMSO-d6): δ 191.9,
157.2, 154.5, 138.6, 136.6, 131.0, 128.2, 122.5, 120.4,
119.8, 119.3, 112.9, 110.4, 55.1, 54.7, 49.4, 48.5, 44.0,
31.7, 28.5, 27.3 ppm. ESI–MS: m/z 348 [M]+. Anal. Calcd
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Scheme 2. (A) Proposed mechanistic pathway via the electrophilic activation of dimedone. (B) Proposed mechanistic pathway via the nucleophilic
activation of dimedone.
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Scheme 3. Synthesis of 2-substituted benzimidazoles. [Color ﬁgure can
be viewed at wileyonlinelibrary.com]
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40.0, 31.7, 28.3, 27.1 ppm. ESI–MS: m/z 352 [M]+. Anal.
Calcd for C21H21ClN2O: C 71.48, H 6.00, N 7.94%; found
C 71.42, H 6.01, N 7.92%.
11-(4-Bromophenyl)-3,3-dimethyl-2,3,4,5,10,11-hexahydro1H-dibenzo[b,e][1,4]diazepin-1-one (5e). Dirty white solid,

Scheme 4. Synthesis of quinoxaline derivatives. [Color ﬁgure can be
viewed at wileyonlinelibrary.com]

for C22H24N2O2: C 75.83, H 6.94, N 8.04%; found C 75.80,
H 6.95, N 8.03%.
11-(4-Chlorophenyl)-3,3-dimethyl-2,3,4,5,10,11-hexahydro1H-dibenzo[b,e][1,4]diazepin-1-one (5d). Yellow solid, m.p.

234–236°C. IR (KBr): ν 3289, 3231, 2960, 1571, 1508,
1464, 1379, 1280 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 8.60 (s, 1H, NH), 7.04 (d, 2H, J = 8.4 Hz, Ar–H), 6.76
(d, 2H, J = 8.0 Hz, Ar–H), 6.67 (d, 1H, J = 7.2 Hz, Ar–H),
6.39–6.32 (m, 2H, Ar–H), 6.25 (d, 1H, J = 7.2 Hz, Ar–H),
5.93 (d, 1H, J = 6.0 Hz, NH), 5.39 (d, 1H, J = 5.6 Hz,
CH), 2.32 (bs, 2H, CH2), 1.93 (d, 1H, J = 16.0 Hz, CH2),
1.83 (d, 1H, J = 16.0 Hz, CH2), 0.82 (s, 3H, CH3), 0.76 (s,
3H, CH3) ppm. 13C NMR (100 MHz, DMSO-d6): δ 192.6,
154.3, 138.6, 136.2, 132.4, 130.8, 128.1, 128.0, 126.9,
125.7, 121.9, 120.5, 120.3, 119.1, 110.3, 54.1, 49.4, 43.0,

m.p. 238–240°C. IR (KBr): ν 3370, 3293, 3056, 2931,
1537, 1423, 1382, 1281 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 8.84 (s, 1H, NH), 7.28 (d, 2H, J = 8.4 Hz,
Ar–H), 7.00 (d, 2H, J = 7.6 Hz, Ar–H), 6.92 (d, 1H,
J = 7.2 Hz, Ar–H), 6.63–6.56 (m, 2H, Ar–H), 6.50 (d,
1H, J = 7.2 Hz, Ar–H), 6.17 (d, 1H, J = 6.0 Hz, NH),
5.63 (d, 1H, J = 6.0 Hz, CH), 2.56 (bs, 2H, CH2), 2.18 (d,
1H, J = 17.2 Hz, CH2), 2.07 (d, 1H, J = 16.0 Hz,
CH2), 1.06 (s, 3H, CH3), 1.00 (s, 3H, CH3) ppm. 13C
NMR (100 MHz, DMSO-d6): δ 192.0, 154.0, 144.1,
138.2, 131.0, 130.5, 129.4, 122.7, 120.5, 120.0, 119.7,
118.9, 109.5, 55.4, 49.3, 43.9, 31.7, 28.3, 27.5 ppm. ESI–
MS: m/z 396 [M]+, 398 [M + 2]+. Anal. Calcd for
C21H21BrN2O: C 63.48, H 5.33, N 7.05%; found C 63.47,
H 5.33, N 7.05%.
3,3-Dimethyl-11-(4-nitrophenyl)-2,3,4,5,10,11-hexahydro1H-dibenzo[b,e][1,4]diazepin-1-one (5f). Orange solid, m.p.

274–276°C. IR (KBr): ν 3356, 3278, 2954, 1578, 1505,
1425, 1381, 1343, 1279 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 8.83 (s, 1H, NH), 7.89 (d, 2H, J = 8.4 Hz,
Ar–H), 7.20 (d, 2H, J = 8.8 Hz, Ar–H), 6.86–6.84 (m, 1H,
Ar–H), 6.51–6.49 (m, 2H, Ar–H), 6.42–6.39 (m, 1H,
Ar–H), 6.25 (d, 1H, J = 6.0 Hz, NH), 5.66 (d, 1H,
J = 5.6 Hz, CH), 2.38 (bs, 2H, CH2), 2.09 (d, 1H,
J = 16.0 Hz, CH2), 1.98 (d, 1H, J = 16.0 Hz, CH2),
0.96 (s, 3H, CH3), 0.91 (s, 3H, CH3) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 192.7, 155.5, 153.2, 146.1,
138.2, 131.4, 128.8, 123.5, 121.0, 120.7, 120.5, 109.3,
56.3, 49.7, 44.4, 32.2, 28.7, 28.0 ppm. ESI–MS: m/z 363

Table 2
Synthesis of 2-substituted benzimidazole derivatives catalyzed by meglumine.
Ultrasonication (50°C)
Entry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Ar
C6H5
4-CH3C6H4
4-OCH3C6H4
4-BrC6H4
4-ClC6H4
2-ClC6H4
3-ClC6H4
3-OCH3C6H4
2-NO2C6H4
4-NO2C6H4
2-OHC6H4
3,4-(OCH3)2C6H3
1-Naphthyl
C6H5CH═CH
Furfuryl

Product
6a
6b
6c
6d
6e
6f
6g
6h
6i
6j
6k
6l
6m
6n
6o

30
30
30
25
25
30
30
35
35
25
35
30
30
35
35

Yielda (%)

Yield (%)
90
85
88
90
88
80
80
85
82
88
85
90
88
85
85

a

Isolated yield.
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a

Time (min)
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65
66
60
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62
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55
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60
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Table 3
Synthesis of quinoxaline derivatives catalyzed by meglumine.
Ultrasonication (50°C)

Entry
1
2
3
4
5
6
7
8
9
10
11

R

R1

R2

H
H
H
NO2
NO2
NO2
NO2
Cl
Cl
CH3
CH3

C6H5
C6H5
CH3
C6H5
H
H
CH3
C6H5
H
H
C6H5

C6H5
H
CH3
C6H5
H
C6H5
CH3
C6H5
C6H5
C6H5
C6H5

Product

Time (min)
30
30
35
25
30
25
30
35
35
30
30

7a
7b
7c
7d
7e
7f
7g
7h
7i
7j
7k

Reﬂux (5 h)
a

Yield (%)
90
88
80
90
88
90
85
86
86
90
90

Yielda (%)
76
65
65
60
68
74
62
65
60
60
66

a

Isolated yield.

[M]+. Anal. Calcd for C21H21N3O3: C 69.41, H 5.82, N
11.56%; found C 69.35, H 5.84, N 11.54%.
11-(4-Hydroxyphenyl)-3,3-dimethyl-2,3,4,5,10,11hexahydro-1H-dibenzo[b,e][1,4]diazepin-1-one (5g).

Dirty
white solid, m.p. 222–224°C. IR (KBr): ν 3467, 3293,
2958, 1602, 1584, 1383, 1263 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 9.03 (s, 1H, OH), 8.69 (s, 1H, NH), 6.89–
6.84 (m, 3H, Ar–H), 6.60–6.44 (m, 5H, Ar–H), 6.03 (d,
1H, J = 6.0 Hz, NH), 5.58 (d, 1H, J = 5.6 Hz, CH), 2.55
(bs, 2H, CH2), 2.17 (d, 1H, J = 16.0 Hz, CH2), 2.05 (d,
1H, J = 16.0 Hz, CH2), 1.06 (s, 3H, CH3), 1.01 (s, 3H,
CH3) ppm. 13C NMR (100 MHz, DMSO-d6): δ 191.9,
155.1, 154.5, 138.7, 135.0, 131.0, 128.2, 122.4, 120.5,
119.8, 119.3, 114.3, 110.6, 55.2, 49.4, 44.0, 31.7, 28.5,
27.3 ppm. ESI–MS: m/z 334 [M]+. Anal. Calcd for
C21H22N2O2: C 75.42, H 6.63, N 8.38%; found C 75.35,
H 6.64, N 8.36%.
11-(4-(Dimethylamino)phenyl)-3,3-dimethyl-2,3,4,5,10,11hexahydro-1H-dibenzo[b,e][1,4]diazepin-1-one (5h). Yellow

solid, m.p. 224–226°C. IR (KBr): ν 3435, 3307, 2961,
1602, 1567, 1380, 1335, 1279 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 8.41 (s, 1H, NH), 6.53–6.33 (m, 2H, Ar–
H), 6.34–6.24 (m, 4H, Ar–H), 6.19 (d, 2H, J = 8.4 Hz,
Ar–H), 5.80 (d, 1H, J = 5.2 Hz, NH), 5.32 (d, 1H,
J = 5.6 Hz, CH), 2.34–2.28 (m, 2H, CH2), 2.23 (s, 6H,
CH3), 1.93 (d, 1H, J = 15.6 Hz, CH2), 1.79 (d, 1H,
J = 16.0 Hz, CH2), 0.81 (s, 3H, CH3), 0.76 (s, 3H, CH3)
ppm. 13C NMR (100 MHz, DMSO-d6): δ 191.8, 154.3,
138.8, 132.4, 130.9, 127.8, 122.4, 120.4, 119.7, 119.2,
111.7, 110.8, 55.0, 49.4, 44.0, 40.0, 31.7, 28.6, 27.2 ppm.
ESI–MS: m/z 361 [M]+. Anal. Calcd for C23H27N3O: C
76.42, H 7.53, N 11.62%; found C 76.32, H 7.54, N
11.59%.
11-(2-Chlorophenyl)-3,3-dimethyl-2,3,4,5,10,11-hexahydroWhite solid, m.p.
1H-dibenzo[b,e][1,4]diazepin-1-one (5i).

230–232°C. IR (KBr): ν 3282, 3230, 2964, 1583, 1506,
1470, 1381, 1279 cm 1. 1H NMR (400 MHz,

DMSO-d6): δ 8.95 (s, 1H, NH), 7.32 (d, 1H, J = 8.4 Hz,
Ar–H), 7.06–6.92 (m, 3H, Ar–H), 6.75 (d, 1H,
J = 7.2 Hz, Ar–H), 6.64–6.55 (m, 2H, Ar–H), 6.45 (d,
1H, J = 7.6 Hz, Ar–H), 5.98 (d, 1H, J = 6.4 Hz, NH),
5.58 (d, 1H, J = 6.0 Hz, CH), 2.63 (bs, 2H, CH2), 2.18
(d, 1H, J = 16.0 Hz, CH2), 2.05 (d, 1H, J = 15.6 Hz,
CH2), 1.08 (s, 3H, CH3), 1.02 (s, 3H, CH3) ppm. 13C
NMR (100 MHz, CDCl3 + DMSO-d6): δ 191.9, 155.5,
140.7, 137.4, 133.2, 131.6, 129.1, 128.0, 127.4, 126.1,
122.9, 120.7, 120.4, 119.9, 108.9, 54.4, 49.3, 44.0, 31.8,
28.2, 27.4 ppm. ESI–MS: m/z 352 [M] +. Anal. Calcd for
C21H21ClN2O: C 71.48, H 6.00, N 7.94%; found C
71.33, H 6.03, N 7.90%.
3,3-Dimethyl-11-(2-nitrophenyl)-2,3,4,5,10,11-hexahydro1H-dibenzo[b,e][1,4]diazepin-1-one (5j). Yellow solid, m.p.

232–234°C. IR (KBr): ν 3432, 2961, 1606, 1535, 1469,
1384, 1329, 1292 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 9.14 (s, 1H, NH), 7.86 (d, 1H, J = 7.2 Hz, Ar–H), 7.35–
7.28 (m, 2H, Ar–H), 7.10 (d, 1H, J = 8.0 Hz, Ar–H), 6.82
(d, 1H, J = 6.8 Hz, Ar–H), 6.74–6.70 (m, 1H, Ar–H),
6.66–6.62 (m, 1H, Ar–H), 6.51 (d, 1H, J = 7.2 Hz, Ar–
H), 6.04 (d, 1H, J = 5.6 Hz, NH), 5.44 (d, 1H, J = 5.2 Hz,
CH), 2.68–2.59 (m, 2H, CH2), 2.14 (d, 1H, J = 15.6 Hz,
CH2), 1.99 (d, 1H, J = 16.0 Hz, CH2), 1.06 (s, 3H, CH3),
0.95 (s, 3H, CH3) ppm. 13C NMR (100 MHz, DMSO-d6):
δ 194.2, 156.8, 151.0, 140.8, 138.5, 134.3, 133.3, 129.6,
129.4, 126.2, 125.2, 123.1, 122.6, 122.2, 110.7, 54.8,
51.4, 45.9, 33.7, 29.9, 29.2 ppm. ESI–MS: m/z 363 [M]+.
Anal. Calcd for C21H21N3O3: C 69.41, H 5.82, N 11.56%;
found C 69.38, H 5.83, N 11.55%.
3,3-Dimethyl-11-(naphthalen-1-yl)-2,3,4,5,10,11-hexahydro1H-dibenzo[b,e][1,4]diazepin-1-one (5k). White solid, m.p.

214–216°C. IR (KBr): ν 3342, 3137, 2890, 1671, 1586,
1519, 1444, 1296 cm 1.1H NMR (400 MHz, DMSO-d6):
δ 8.94 (s, 1H, NH), 8.51 (d, 1H, J = 8.4 Hz, Ar–H), 7.84
(d, 1H, J = 8.0 Hz, Ar–H), 7.63–7.48 (m, 3H, Ar–H),
7.10 (t, 1H, J = 8.0 Hz, Ar–H), 6.97 (d, 1H, J = 7.2 Hz,
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Ar–H), 6.85 (d, 1H, J = 6.4 Hz, Ar–H), 6.55–6.48 (m, 2H,
Ar–H), 6.39 (t, 1H, J = 7.2 Hz, Ar–H), 6.06 (d, 1H,
J = 6.0 Hz, NH), 5.89 (d, 1H, J = 6.0 Hz, 6H), 2.67 (bs,
2H), 2.20 (d, 1H, J = 15.6 Hz), 2.04 (d, 1H, J = 16.0 Hz),
1.10 (s, 3H), 1,04 (s, 3H) ppm. 13C NMR (100 MHz,
DMSO-d6): δ 192.1, 155.3, 139.4, 137.7, 133.4, 131.7,
128.4, 126.9, 125.9, 124.5, 123.9, 122.9, 122.5, 120.2,
119.9, 119.8, 110.6, 52.7, 49.5, 44.1, 31.9, 28.3,
27.4 ppm. ESI–MS: m/z 368 [M]+. Anal. Calcd for
C25H24N2O: C 81.49, H 6.57, N 7.60%; found C 81.34, H
6.59, N 7.58%.
3,3-Dimethyl-11-styryl-2,3,4,5,10,11-hexahydro-1Hdibenzo[b,e][1,4]diazepin-1-one (5m). Light brown solid, m.

p. 250–252°C. IR (KBr): ν 3390, 3313, 2919, 1677, 1638,
1611, 1608, 1377 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 8.74 (s, 1H, NH), 7.12–7.07 (m, 3H, Ar–H), 6.99 (d, 1H,
J = 7.6 Hz, Ar–H), 6.77–6.71 (m, 2H, Ar–H), 6.66–6.62
(m, 1H, Ar–H), 6.17 (d, 1H, J = 15.6 Hz, CH), 6.01
(d, 1H, J = 6.4 Hz, NH), 5.98–5.96 (m, 1H, CH), 5.23 (d,
1H, J = 5.6 Hz, CH), 2.48 (m, 2H, CH2), 2.17 (d, 1H,
J = 16.0 Hz, CH2), 2.07 (d, 1H, J = 15.6 Hz, CH2),
1.03 (s, 3H, CH3), 0.99 (s, 3H, CH3) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 192.2, 154.4, 138.9, 137.2,
132.9, 130.8, 129.0, 128.7, 127.5, 126.2, 123.2, 120.7,
120.6, 119.9, 110.5, 53.7, 49.9, 44.4, 32.2, 28.8,
27.7 ppm. ESI–MS: m/z 344 [M] +. Anal. Calcd for
C24H26N2O: C 80.41, H 7.31, N 7.81%; found C 80.26, H
7.33, N 7.79%.
11-(4-Hydroxy-3-methoxyphenyl)-3,3-dimethyl-2,3,4,5,10,11hexahydro-1H-dibenzo[b,e][1,4]diazepin-1-one (5n). Yellow

solid, m.p. 208–210°C. IR (KBr): ν 3435, 3307, 2961, 1602,
1517, 1464, 1380, 1335, 1279 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 8.68 (s, 1H, NH), 8.57 (s, 1H, OH), 6.87 (d,
1H, J = 7.2 Hz, Ar–H), 6.74 (s, 1H, Ar–H), 6.58–6.52 (m,
2H, Ar–H), 6.43–6.34 (m, 2H, Ar–H), 6.04 (d, 1H,
J = 5.2 Hz, NH), 5.58 (d, 1H, J = 4.8 Hz, CH), 3.57 (s,
3H,OCH3), 2.59–2.54 (m, 2H, CH2), 2.18 (d, 1H,
J = 16.0 Hz, CH2), 2.05 (d, 1H, J = 15.6 Hz, CH2), 1.05
(s, 3H, CH3), 1.02 (s, 3H, CH3) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 192.3, 155.0, 147.3, 144.8,
139.3, 136.1, 131.6, 122.9, 121.0, 120.2, 119.7, 114.8,
112.2, 111.0, 55.9, 55.6, 49.9, 44.4, 32.1, 29.1, 27.5 ppm.
ESI–MS: m/z 364 [M]+. Anal. Calcd for C22H24N2O3: C
72.51, H 6.64, N 7.69%; found C 72.44, H 6.65, N 7.67%.
11-(3,4-Dimethoxyphenyl)-3,3-dimethyl-2,3,4,5,10,11hexahydro-1H-dibenzo[b,e][1,4]diazepin-1-one (5o). Yellow

solid, m.p. 238–240°C. IR (KBr): ν 3415, 3309, 2932, 1638,
1584, 1428, 1281 cm 1. 1H NMR (400 MHz, DMSO-d6): δ
8.81 (s, 1H, NH), 7.16–7.15 (m, 2H, Ar–H), 7.07–7.05 (m,
2H, Ar–H), 6.92–6.90 (m, 1H, Ar–H), 6.60–6.59 (m, 1H,
Ar–H), 6.50–6.48 (m, 1H, Ar–H), 6.19 (d, 1H, J = 5.6 Hz,
NH), 5.66 (d, 1H, J = 5.2 Hz, CH), 3.35 (s, 6H, OCH3),
2.57 (s, 2H, CH2), 2.18 (d, 1H, J = 15.2 Hz, CH2), 2.07 (d,
1H, J = 15.6 Hz, CH2), 1.06 (s, 3H, CH3), 1.01 (s, 3H,
CH3) ppm. 13C NMR (100 MHz, DMSO-d6): δ 192.0,
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154.8, 143.7,138.2, 131.0, 129.0, 127.6, 122.7, 120.5,
120.0, 119.7, 109.5, 55.4, 49.3, 43.9, 31.7, 28.3,
27.5 ppm. ESI–MS: m/z 378 [M]+. Anal. Calcd for
C23H26N2O3: C 72.99, H 6.92, N 7.40%; found C 72.40,
H 7.02, N 7.28%.
General method for the synthesis of compound 6(a–o) and
To 10 mL of ethanol–water (1:3) mixture,
7(a–l).

1.0 mmol of 1,2-phenylenediamine, 1.0 mmol of the
corresponding aldehyde (in case of 6)/1,2 diketone (in
case of 7), and 8 mol% of meglumine were ultrasonicated
at 50°C for the given time. On completion of reaction,
monitored by TLC, the solution was cooled, and the
precipitated product was ﬁltered, washed, and collected. In
some cases, the precipitate was further recrystallized from
hot ethanol.
Spectral data of selected products. 2-Phenyl-1H-benzo[d]
Light brown solid, m.p. 286–288°C. IR
imidazole (6a).

(KBr): ν 3411, 1590, 1541, 1410, 1276 cm 1. 1H NMR
(400 MHz, DMSO-d6): δ 13.0 (s, 1H, NH), 8.30 (d, 2H,
J = 8.0 Hz, Ar–H), 7.70–7.62 (m, 5H, Ar–H), 7.34–7.32
(m, 2H, Ar–H) ppm. 13C NMR (100 MHz, CDCl3/DMSOd6): δ 146.5, 133.9, 124.8, 124.3, 123.3, 121.3, 116.8,
109.6 ppm. ESI–MS: m/z 194[M]+. Anal. Calcd for
C13H10N2: C 80.39, H 5.19, N 14.42%; found C 80.25, H
5.21, N 14.38%.
2-(p-Tolyl)-1H-benzo[d]imidazole (6b).
Light yellow
solid, m.p. 270–272°C. IR (KBr): ν 3444, 1621, 1500,
1430, 1274 cm 1. 1H NMR (400 MHz, DMSO-d6): δ
12.84 (s, 1H, NH), 8.07 (d, 2H, J = 7.6 Hz, Ar–H), 7.65
(d, 1H, J = 7.2 Hz. Ar–H), 7.51 (d, 1H, J = 7.2 Hz, Ar–H),
7.36 (d, 2H, J = 8.0 Hz, Ar–H), 7.22–7.16 (m, 2H, Ar–H),
2.38 (s, 3H, CH3) ppm. 13C NMR (100 MHz, DMSO-d6):
δ 151.3, 143.7, 139.5, 134.9, 129.4, 127.4, 126.3, 122.2,
121.5, 118.6, 111.1, 20.9 ppm. ESI–MS: m/z 208 [M]+.
Anal. Calcd for C14H12N2: C 80.74, H 5.81, N 13.45%;
found C 80.48, H 5.85, N 13.37%.
2-(4-Methoxyphenyl)-1H-benzo[d]imidazole (6c).
Light
yellow solid, m.p. 210–212°C. IR (KBr): ν 3433, 1612,
1502, 1437, 1252 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 12.74 (s, 1H, NH), 8.10 (d, 2H, J = 8.8 Hz,
Ar–H), 7.60 (d, 1H, J = 7.2 Hz, Ar–H), 7.48 (d, 1H,
J = 6.8 Hz, Ar–H), 7.19–7.14 (m, 2H, Ar–H), 7.10 (d,
2H, J = 9.2 Hz, Ar–H), 3.83 (s, 3H, OCH3) ppm. 13C
NMR (100 MHz, DMSO-d6): δ 160.5, 151.2, 127.9,
122.5, 114.3, 55.2 ppm. ESI–MS: m/z 224 [M]+. Anal.
Calcd for C14H12N2O: C 74.98, H 5.39, N 12.49%;
found C 74.71, H 5.44, N 12.40%.
2-(4-Bromophenyl)-1H-benzo[d]imidazole (6d).
Light
brown solid, m.p. 258–260°C. IR (KBr): ν 3433, 1622,
1539, 1427, 1273 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 13.01 (s, 1H, NH), 8.11 (d, 2H, J = 8.8 Hz,
Ar–H), 7.76 (d, 2H, J = 8.8 Hz, Ar–H), 7.63–7.54 (m,
2H, Ar–H), 7.21–7.20 (m, 2H, Ar–H) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 155.6, 136.6, 134.2, 133.1,
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128.6, 127.2 ppm. ESI–MS: m/z 272[M]+, 274 [M + 2]+.
Anal. Calcd for C13H9BrN2: C 57.17, H 3.32, N 10.26%;
found C 57.05, H 3.38, N 10.20%.
2-(4-Chlorophenyl)-1H-benzo[d]imidazole (6e).
Dirty
white, m.p. 278–280°C. IR (KBr): ν 3436, 1611, 1526,
1446, 1349, 1278 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 12.98 (s, 1H, NH), 8.17 (d, 2H, J = 8.4 Hz, Ar–H),
7.63–7.54 (m, 4H, Ar–H), 7.21–7.20 (m, 2H, Ar–H) ppm.
13
C NMR (100 MHz, DMSO-d6): δ 150.3, 134.9, 128.5,
128.4, 127.6, 122.0 ppm. ESI–MS: m/z 228 [M]+. Anal.
Calcd for C13H9ClN2: C 68.28, H 3.97, N 12.25%; found
C 68.28, H 3.97, N 12.25%.
2-(2-Chlorophenyl)-1H-benzo[d]imidazole (6f).
Dirty
white solid, m.p. 224–226°C. IR (KBr): ν 3446, 1590,
1539, 1405, 1274 cm 1. 1H NMR (400 MHz,
DMSO-d6): δ 12.70 (s, 1H, NH), 7.89–7.87 (m, 1H, Ar–
H), 7.69–7.62 (m, 2H, Ar–H), 7.55–7.48 (m, 3H, Ar–H),
7.25–7.18 (m, 2H, Ar–H) ppm. 13C NMR (100 MHz,
DMSO-d6): δ 149.0, 143.1, 134.6, 132.0, 131.5, 131.1,
130.3, 129.9, 127.3, 122.7, 121.6, 119.0, 111.6 ppm.
ESI–MS: m/z 228[M]+. Anal. Calcd for C13H9ClN2: C
68.28, H 3.97, N 12.25%; found C 68.15, H 4.00, N
12.20%.
2-(3-Chlorophenyl)-1H-benzo[d]imidazole (6g).
Light
brown solid, m.p. 218–220°C. IR (KBr): ν 3365, 1672,
1571, 1442, 1285 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 12.83 (s, 1H, NH), 8.01 (s, 1H, Ar–H), 7.92 (d, 1H,
J = 7.2 Hz, Ar–H), 7.46–7.33 (m, 4H, Ar–H), 7.09–6.92
(m, 2H, Ar–H) ppm. 13C NMR (100 MHz, DMSO-d6): δ
149.6, 133.7, 132.1, 130.9, 129.5, 125.9, 124.9, 122.9,
121.9, 119.0, 111.4 ppm. ESI–MS: m/z 328[M]+. Anal.
Calcd for C13H9ClN2: C 68.28, H 3.97, N 12.25%; found
C 68.24, H 3.98, N 12.23%.
2-(3-Methoxyphenyl)-1H-benzo[d]imidazole (6h).
Light
yellow solid, m.p. 196–198°C. IR (KBr): ν 3436, 1611,
1574, 1446, 1278 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 12.88 (s, 1H, NH), 7.75–7.73 (m, 2H, Ar–H), 7.65–7.64
(d, 1H, J = 6.8 Hz, Ar–H), 7.52–7.50 (d, 1H, J = 6.4 Hz,
Ar–H), 7.44 (t, 1H, J = 8.8 Hz, Ar–H), 7.26–7.18 (m, 2H),
7.05–7.03 (m, 1H), 3.84 (s, 3H, OCH3) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 159.5, 151.0, 143.6, 134.8,
131.3, 130.0, 122.5, 121.6, 118.6, 115.8, 111.3, 55.2 ppm.
ESI–MS: m/z 224 [M]+. Anal. Calcd for C14H12N2O: C
74.98, H 5.39, N 12.49%; found C 74.93, H 5.40, N
12.47%.
2-(2-Nitrophenyl)-1H-benzo[d]imidazole
(6i).
Light
orange solid, m.p. 216–218°C. IR (KBr): ν 3436, 1672,
1578, 1450, 1284 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 13.0 (s, 1H, NH), 8.03 (d, 1H, J = 8.0 Hz, Ar–H), 7.98
(d, 1H, J = 6.8 Hz, Ar–H), 7.86 (t, 1H, J = 7.2 Hz, Ar–
H), 7.77–7.73 (m, 1H, Ar–H), 7.66 (d, 1H, J = 7.2 Hz,
Ar–H), 7.57 (d, 1H, J = 7.2 Hz, Ar–H), 7.27–7.24 (m, 2H,
Ar–H) ppm. 13C NMR (100 MHz, DMSO-d6): δ 148.9,
147.2, 132.5, 130.8, 124.2, 124.1, 123.0, 121.8, 119.2,

111.6 ppm. ESI–MS: m/z 239[M]+. Anal. Calcd for
C13H9N3O2: C 65.27, H 3.79, N 17.56%; found C 65.21,
H 3.82, N 17.71%.
2-(3,4-Dimethoxyphenyl)-1H-benzo[d]imidazole

(6l).

Yellow solid, m.p. 226–228°C. IR (KBr): ν 3445, 1658,
1572, 1430, 1278 cm 1. 1H NMR (400 MHz, DMSO-d6):
δ 12.8 (s, 1H, NH), 7.63 (d, 1H, J = 7.2 Hz, Ar–H), 7.45–
7.39 (m, 2H, Ar–H), 7.28–7.22 (m, 4H, Ar–H), 3.88 (s,
6H) ppm. 13C NMR (100 MHz, DMSO-d6): δ 156.3,
152.0, 143.3, 136.4, 130.0, 126.2, 124.4, 116.6, 116.2,
111.4, 55.6 ppm. ESI–MS: m/z 254[M]+. Anal. Calcd for
C15H14N2O2: C 70.85, H 5.55, N 11.02%; found C 69.25,
H 5.89, N 10.49%.
2-(Naphthalen-1-yl)-1H-benzo[d]imidazole (6m).
Yellow
solid, m.p. 256–258°C. IR (KBr): ν 3384, 1602, 1540,
1429, 1273 cm 1. 1H NMR (400 MHz, DMSO-d6): δ
12.95 (s, 1H, NH), 9.11 (d, 1H, J = 8.8 Hz, Ar–H), 8.09
(d, 1H, J = 8.0 Hz, Ar–H), 8.04–8.00 (m, 2H, Ar–H), 7.78
(d, 1H, J = 7.2 Hz, Ar–H), 7.70–7.64 (m, 2H, Ar–H),
7.63–7.57 (m, 2H, Ar–H), 7.29–7.22 (m, 2H, Ar–H) ppm.
13
C NMR (100 MHz, DMSO-d6): δ 151.3, 143.8, 134.4,
133.5, 130.4, 130.1, 128.3, 127.8, 127.0, 126.3, 125.2,
122.6, 121.5, 119.0, 111.3 ppm. ESI–MS: m/z 244[M]+.
Anal. Calcd for C17H12N2: C 83.58, H 4.95, N 11.47%;
found C 83.37, H 4.97, N 11.66%.
2-Styryl-1H-benzo[d]imidazole (6n).
Light brown solid,
m.p. 214–216°C. IR (KBr): ν 3424, 1634, 1581, 1432,
1270 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 12.90 (s,
1H, NH), 7.59 (d, 2H, J = 7.2 Hz, Ar–H), 7.60–7.23 (m,
7H, Ar–H), 6.43 (d, 1H, J = 16.0 Hz, CH), 6.35 (d, 1H,
J = 16.0 Hz, CH) ppm. 13C NMR (100 MHz, DMSO-d6):
δ 150.9, 143.2, 135.9, 129.1, 128.8, 126.5, 123.2, 122.7,
119.4, 111.9 ppm. ESI–MS: m/z 220[M]+. Anal. Calcd for
C15H12N2: C 81.79, H 5.49, N 12.72%; found C 80.54, H
5.69, N 12.36%.
2-(Furan-2-yl)-1H-benzo[d]imidazole (6o).
Light brown
solid, m.p. 284–286°C. IR (KBr): ν 3426, 1656, 1578,
1430, 1281 cm 1. 1H NMR (400 MHz, DMSO-d6): δ
12.94 (s, 1H, NH), 7.93–7.87 (m, 1H, Ar–H), 7.60–7.57
(m, 2H, Ar–H), 7.23–7.15 (m, 3H, Ar–H), 6.73–6.70 (m,
1H, Ar–H) ppm. 13C NMR (100 MHz, DMSO-d6): δ
149.2, 144.3, 143.2, 134.5, 122.9, 121.0, 118.7, 113.2,
111.3 ppm. ESI–MS: m/z 184[M]+. Anal. Calcd for
C11H8N2O: C 71.73, H 4.38, N 15.21%; found C 70.03, H
4.78, N 14.45%.
2,3-Diphenylquinoxaline (7a).
White solid, m.p. 120–
122°C. IR (KBr): ν 3072, 1615, 1578, 1345, 764 cm 1. 1H
NMR (400 MHz, DMSO-d6): δ 8.17–8.15 (m, 2H, Ar–H),
7.90–7.87 (m, 2H, Ar–H), 7.49–7.47 (m, 4H, Ar–H),
7.41–7.34 (m, 6H, Ar–H) ppm. 13C NMR (100 MHz,
DMSO-d6): δ 152.9, 140.3, 138.6, 130.3, 129.6, 128.7,
127.9 ppm. ESI–MS: m/z 282[M]+. Anal. Calcd for
C20H14N2: C 85.08, H 5.00, N 9.92%; found C 84.92, H
5.04, N 9.87%.
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2-Phenylquinoxaline (7b).
Dirty white solid, m.p. 90–
92°C. IR (KBr): ν 3050, 2924, 1616, 1524, 1348,
764 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 9.57 (s, 1H,
CH), 8.33–8.31 (m, 2H, Ar–H), 8.13–8.09 (m, 2H, Ar–H),
7.88–7.70 (m, 2H, Ar–H), 7.61–7.55 (m, 3H, Ar–H) ppm.
13
C NMR (100 MHz, DMSO-d6): δ 150.8, 143.6, 141.3,
140.9, 135.9, 130.5, 130.3, 129.8, 129.1, 129.0, 128.7,
127.3 ppm. ESI–MS: m/z 206 [M]+. Anal. Calcd for
C14H10N2: C 81.53, H 4.89, N 13.58%; found C 81.53, H
4.89, N 13.58%.
6-Nitro-2,3-diphenylquinoxaline (7d). Dirty white solid,
m.p. 186–188°C. IR (KBr): ν 3072, 1615, 1578, 1345,
764 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 8.92 (d, 1H,
J = 2.4 Hz, Ar–H), 8.55 (dd, 1H, J = 2.8 Hz, J = 9.0 Hz,
Ar–H), 8.36 (d, 1H, J = 9.2 Hz, Ar–H), 7.52–7.50 (m, 4H,
Ar–H), 7.45–7.36 (m, 6H, Ar–H) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 155.9, 155.3, 147.5, 142.9,
139.1, 137.9, 137.8, 130.7, 129.7, 129.6, 129.5, 129.3,
128.1, 124.7, 123.5 ppm. ESI–MS: m/z 327. Anal. Calcd
for C20H13N3O2: C 73.38, H 4.00, N 12.84%; found C
73.31, H 4.02, N 12.81%.
6-Nitroquinoxaline (7e).
Light brown solid, m.p. 150–
152°C. IR (KBr): ν 3052, 1556, 1485, 1349, 765 cm 1. 1H
NMR (400 MHz, DMSO-d6): δ 9.15 (s, 2H, Ar–H), 8.88
(d, 1H, J = 2.8 Hz, Ar–H), 8.47 (dd, 1H, J = 2.4 Hz,
9.2 Hz, Ar–H), 8.32 (d, 1H, J = 8.8 Hz, Ar–H) ppm. 13C
NMR (100 MHz, DMSO-d6): δ 149.2, 148.5, 147.9,
145.0, 141.3, 131.6, 125.6, 123.8 ppm. ESI–MS: m/z 175
[M]+. Anal. Calcd for C8H5N3O2: C 54.86, H 2.88, N
23.99%; found C 54.70, H 2.97, N 23.77%.
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6-Nitro-2-phenylquinoxaline (7f). Light brown solid, m.
p. 146–148°C. IR (KBr): ν 3052, 1598, 1554, 1477, 1342,
792 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 9.78 (s, 1H,
CH), 8.89 (s, 1H, Ar–H), 8.55 (d, 1H, J = 7.6 Hz, Ar–H),
8.45–8.40 (m, 2H, Ar–H), 8.32 (d, 1H, J = 7.6 Hz, Ar–H),
7.70–7.60 (m, 3H, Ar–H) ppm. 13C NMR (100 MHz,
DMSO-d6): δ 150.3, 146.2, 135.7, 131.4, 131.0, 130.8,
129.2, 128.0, 127.8, 124.9, 123.9, 123.4, 123.0 ppm. ESI–
MS: m/z 251 [M]+. Anal. Calcd for C14H9N3O2: C 66.93,
H 3.61, N 16.73%; found C 66.85, H 3.63, N 16.68%.
2,3-Dimethyl-6-nitroquinoxaline (7g). Light brown solid,
m.p. 136–138°C. IR (KBr): ν 3042, 2923, 1618, 1529,
1450, 1345, 740 cm 1. 1H NMR (400 MHz, DMSO-d6): δ
8.45 (d, 1H, J = 2.4 Hz, Ar–H), 8.14 (dd, 1H, J = 2.8 Hz,
9.2 Hz, Ar–H), 7.83 (d, 1H, J = 9.2 Hz, Ar–H), 3.08 (s,
6H, CH3) ppm. 13C NMR (100 MHz, DMSO-d6): δ 157.8,
157.7, 147.3, 142.7, 139.2, 130.3, 124.4, 122.7, 26.4,
25.7 ppm. ESI–MS: m/z 203 [M]+. Anal. Calcd for
C10H9N3O2: C 59.11, H 4.46, N 20.68% found C 58.97, H
4.52, N 20.55%.
6-Chloro-2,3-diphenylquinoxaline (7h).
Dirty white
solid, m.p. 118–120°C. IR (KBr): ν 3034, 1601, 1578,
1374, 749 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 8.20
(d, 1H, J = 1.6 Hz, Ar–H), 8.36 (d, 1H, J = 9.2 Hz, Ar–H),
7.87 (dd, 1H, J = 2.4 Hz, 8.8 Hz, Ar–H), 7.46–7.44 (m,
4H, Ar–H), 7.39–7.33 (m, 6H, Ar–H) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 153.9, 139.0, 138.3, 138.2,
134.5, 130.8, 130.5, 129.6, 128.9, 128.0, 127.4 ppm. ESI–
MS: m/z 316 [M]+. Anal. Calcd for C20H13ClN2: C 75.83,
H 4.14, N 8.84%; found C 75.67, H 4.17, N 8.81%.

Figure 3. ORTEP image of (A) 5a (CCDC no. 1847612), (B) 6e (CCDC no. 1847719), (C) 7b (CCDC no. 1847611), and (D) 7k (CCDC no. 1847575).
[Color ﬁgure can be viewed at wileyonlinelibrary.com]
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6-Chloro-2-phenylquinoxaline (7i). Dirty white solid, m.
p. 110–112°C. IR (KBr): ν 3045, 1605, 1581, 1386,
763 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 9.46
(s, 1H, Ar–H), 8.14 (d, 1H, J = 2.4 Hz, Ar–H), 8.06 (d,
1H, J = 8.8 Hz, Ar–H), 7.77 (dd, 1H, J = 2.8 Hz, 9.2 Hz,
Ar–H), 7.46–7.34 (m, 5H, Ar–H) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 150.7, 142.9, 139.0, 138.6,
135.0, 131.0, 130.7, 129.4, 127.1, 127.6, 126.9 ppm. ESI–
MS: m/z 240 [M]+. Anal. Calcd for C14H9ClN2: C 69.86,
H 3.77, N 11.64%; found C 69.02, H 4.00, N 11.34%.
6-Methyl-2-phenylquinoxaline (7j).
Light brown solid,
m.p. 136–138°C. IR (KBr): ν 3060, 2939, 1621, 1384,
1345, 825 cm 1. 1H NMR (400 MHz, DMSO-d6): δ 9.51
(s, 1H, Ar–H), 8.30–8.28 (m, 2H, Ar–H), 8.02–7.97 (m,
1H, Ar–H), 7.91–7.88 (m, 1H, Ar–H), 7.71–7.65 (m, 1H,
Ar–H), 7.60–7.53 (m, 3H, Ar–H), 2.55 (s. 3H, CH3) ppm.
13
C NMR (100 MHz, DMSO-d6): δ 150.0, 143.4, 141.0,
140.0, 139.7, 136.0, 132.6, 130.1, 129.0, 128.7, 127.5,
127.3, 127.2, 21.2 ppm. ESI–MS: m/z 220 [M]+. Anal.
Calcd for C15H12N2: C 81.79, H 5.49, N 12.72%; found C
81.58, H 5.51, N 12.92%.
6-Methyl-2,3-diphenylquinoxaline (7k). Brown solid, m.
p. 120–122°C. IR (KBr): ν 3054, 2917, 1615, 1542, 1384,
831. 1H NMR (400 MHz, DMSO-d6): δ 8.02 (d, 1H,
J = 8.8 Hz, Ar–H), 7.91 (s, 1H, Ar–H), 7.69 (dd, 1H,
J = 1.6 Hz, 8.8 Hz, Ar–H), 7.44–7.42 (m, 4H, Ar–H), 7.36–
7.30 (m, 6H, Ar–H), 2.56 (s, 3H, CH3) ppm. 13C NMR
(100 MHz, DMSO-d6): δ 152.7, 152.0, 140.5, 140.4, 138.8,
132.4, 129.6, 128.6, 128.5, 127.9, 127.4, 21.3 ppm. ESI–
MS: m/z 296 [M]+. Anal. Calcd for C21H16N2: C 85.11, H
5.44, N 9.45%; found C 85.10, H 5.44, N 9.45%.
X-ray crystallography. The X-ray crystallography data
of 5a, 6e, 7b, and 7k were collected at 293 K with an
Agilent Xcalibur (Eos-Gemini) diffractometer equipped
with a graphite monochromated Mo-Kα radiation
(λ = 0.71073 Å). The data were collected and reﬁned in
CrysAlis PRO software, and data reduction was performed
using the CrysAlis PRO. The structures were solved by
direct method and reﬁned by olex2. An ORTEP view of
5a, 6e, 7b, and 7k is illustrated in Figure 3.
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Introduction
The development of a simple, efficient, and environmentally benign process in organic synthesis is in great demand, in recent years. Multicomponent reactions (MCRs) have emerged
as an attractive strategy for synthetic chemists, due to the fact that products can be easily
obtained in a single step, thereby, reducing the consumption of solvents, catalysts, and
energy besides minimizing the generation of waste. In addition, the utilization of a catalyst
having high recyclability feature promotes a more economical and environmental friendly
benign protocol.
Quinazolinones constitute a very important heterocyclic core in various organic molecules having diverse biological activities. 2,3-dihydroquinazolin-4(1H)-ones, in particular, have received notable attention because of their wide range of biological
and pharmaceutical activities, such as antifungal,[1] anti-inflamatory,[2] antimicrobial,[3]
anticonvulsant,[4] analgesic,[5] antibacterial,[6] anticancer,[7] and diuretic.[8] Some biologically active compounds are shown below, in which (E)-3-(4-(3-(4-chlorophenyl)acryloyl)phenyl)-1-methyl-2,3-dihydroquinazolin-4(1H)-one exhibited ulcerogenic activity[9]
and 3-(2-(4-(4-fluorobenzoyl)piperidin-1-yl)ethyl)quinazoline-2,4(1H,3H)-dione (ketanserin) showed a positive serotonergic activity.[10]

Biologically active 2,3-dihydroquinazolin-4(1H)-ones

Taking into account their biological significance, several strategies have been reported
for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones. Generally, the simplest and efficient methods for their synthesis involves the cyclo-condensation of 2-aminobenzamide
with aromatic aldehydes in presence of various salts such as CuCl2,[11] InCl3,[12]
ZrCl4,[13] TiCl4/Zn,[14] NH4Cl,[15] and acids such as trichloroacetic acid,[16] succinimide-N-sulfonic acid,[17] 2-morpholinoethanesulfonic acid,[18] and p-toluenesulfonic
acid[19] as catalysts.
For green and sustainable approaches, ionic liquids,[20–22] nanocrystalline sulfated zirconia[23] and PEG-400[24] have been employed for the preparation of these derivatives.
Organo-catalysts such as L-proline,[25] chiral organo-catalyst,[26] etc. have also been
reported for the synthesis of a wide range of 2,3-dihydroquinazolin-4(1H)-ones. Lately,
organic compound encapsulated on magnetic nanoparticles have received paramount
attention, due to the various advantages it offers. Earlier, we have reported the synthesis
of magnetic nanoparticles Fe2O3@SiO2 encapsulated with thiamine hydrochloride[27–29]
and employed it as an efficient catalyst for the synthesis of benzo[b]pyran and spiro
compounds. Similarly, a novel basic catalyst 3-methylaminopropyl-functionalized Fe3O4
nanoparticles (Fe3O4@MAP nanoparticles) was also prepared and utilized for the
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Scheme 1. Synthetic pathway for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones.

synthesis of [1,3]oxazines compounds,[30] In continuation, with our on-going work, we
report herein the synthesis of 2,3-dihydroquinazolin-4(1H)-ones using L-Proline NSulfonic acid functionalized magnetic nanoparticles as a green and efficient organonanocatalyst.

Results and discussion
A two-component condensation reaction, consisting of anthranilamide and aromatic
aldehydes, was carried out in the presence of a catalytic amount of sulfonic acid functionalized L-Proline@Fe3O4 in ethanol to effectively yield 2,3-dihydroquinazolin-4(1H)ones (Scheme 1).
First, the L-proline coated Fe3O4 nanoparticles (Fe3O4@L-proline) was synthesized by
chemical co-precipitation of ferric and ferrous salt solution in the presence of L-proline
using ammonium hydroxide as a precipitating agent. The Fe3O4@L-proline thus
obtained was further functionalized by condensing it with chlorosulfonic acid. The
resultant product, i.e., L-proline sulfonic acid functionalized nanoparticles (Fe3O4@Lproline-SO3H) was then characterized using Fourier transform infrared (FT-IR) spectroscopy, powder X-ray diffraction (XRD), transmission electron microscope (TEM),
field emission scanning electron microscope (FE-SEM), energy-dispersive X-ray spectroscopy (EDS), thermogravimetric analysis (TGA), and vibrating sample magnetometry
(VSM). The FT-IR spectrum of L-proline, Fe3O4@L-proline, and Fe3O4@L-proline-SO3H
is given in Figure 1. The peaks observed at 1124 cm1 and 655 cm1 in L-proline (a)
corresponds to the twisting and rocking mode of N–H and CH2 of the pyrrolidine ring,
respectively. A peak at 1155 cm1 in Fe3O4@L-proline (b) indicates the presence of the
organic moiety (L-proline) embedded on Fe3O4 nanoparticles. The L-proline N-sulfonic
acid functionalized magnetic nanoparticles (c) showed a peak at 1628 cm1, 1108 cm1
and 602 cm1 corresponding to the C¼O, S¼O, and Fe–O stretching frequencies,
respectively, indicating the immobilization of the organic moiety on the magnetic nanoparticles. The powder XRD data of Fe3O4@L-Proline (a) and Fe3O4@L-Proline-SO3H (b)
is given in Figure 2. The peaks obtained at 2h ¼ 30.1 , 35.6 , 43.3 , 53.6 , 57.4 , 63.1
corresponding to (220), (311), (400), (422), (511), (440) planes, respectively, reveals that
the crystalline structure of the Fe3O4 nanoparticles are retained in both a and b.
The size of the sulfonic acid functionalized Fe3O4@L-proline nanoparticles were calculated using Debye Scherrer equation and the average size was found to be 17.44 nm.
Transmission electron microscopy (TEM) images of the prepared catalyst reveals that
the size of the particles ranges between 5 and 20 nm (Figure 3), which further substantiates the calculated size. The surface morphology of the catalyst was characterized using
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Figure 1. FT-IR spectra of (a) L-proline, (b) Fe3O4@L-proline, and (c) Fe3O4@L-proline-SO3H.
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Figure 2. Powder-XRD of (a) Fe3O4@L-proline and (b) Fe3O4@L-proline-SO3H.

field emission scanning electron microscopy (FE-SEM) technique, and it was observed
that the nanoparticles are non-uniform in nature (Figure 4). The energy-dispersive Xray spectroscopy (EDS) of the nanoparticles displayed the presence of Fe, S besides C
and O which confirmed the formation of the target catalyst (supplementary).
To ascertain the stability of the catalyst, a thermal gravimetric analysis (TGA) of the
catalyst was performed and it was found that the catalyst was stable up to 240  C,
beyond which, the proline moiety starts to decompose (Figure 5). The weight loss
occurring up to 240  C may be attributed to the elimination of the adsorbed water and
other solvents from the surface of the catalyst. Similarly, the weight loss observed within
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Figure 3. TEM images of Fe3O4@L-proline-SO3H at (a) lower and (b) higher magnification.

Figure 4. FE-SEM images of Fe3O4@L-proline-SO3H at (a) lower and (b) higher magnification.

Figure 5. TGA graph of Fe3O4@L-proline-SO3H.
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Figure 6. VSM curve of (a) Fe3O4, (b) Fe3O4@L-proline, and (c) Fe3O4@L-proline-SO3H.
Table 1. Optimization of catalyst loading in the reaction.
Sl. No
1
2
3
4
5
6
7
8

Amount of catalyst (mg)

Time (min)

Yielda (%)

–
2
4
6
8
10
12
14

40
30
30
20
15
10
10
10

Trace
50
80
93
95
96
96
96

a

Isolated yield.
Bold represents the optimized parameter with maximum yield of the products.

300–600  C corresponds to the decomposition of the organic moiety (L-proline-N-sulfonic acid) of the prepared catalyst.
Vibrating-sample magnetometer (VSM) analysis (Figure 6) of the Fe3O4 nanoparticles
(a), Fe3O4@L-proline (b), and Fe3O4@L-proline-SO3H (c) showed a saturation magnetization value of 55.12, 43.63, and 37.66 emu/g, respectively. The decrease in the magnetic properties of the sulfonic acid functionalized Fe3O4@L-proline may be associated
with the presence of organo-coated layer on the Fe3O4 nanoparticles.
The catalytic activity of nano-Fe3O4@L-proline-SO3H was explored for the synthesis
of 2,3-dihydroquinazolin-4(1H)-ones. Initially, a model reaction comprising of benzaldehyde (1.0 mmol) and 2-aminobenzamide (1.0 mmol) was studied for the optimization of
the amount of catalyst and solvent. The results are represented in Table 1. It was found
that only trace of the product was obtained in the absence of the catalyst. However, on
addition of the catalyst, the yield of the product increased considerably, and it was
found out that 10 mg of the catalyst gave the best yield in minimum reaction time.
Further, increase in the amount of the catalyst did not show any significant change in
the yield of the products.
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Table 2. Optimization of reaction condition using different catalysts and solvents.
Sl. No
1
2
3
4
5
6
7
8
9
10

Catalyst

Yielda (%)
Trace
45
60
56
90
96
90
90
68
20

Solvent
EtOH
EtOH
EtOH
EtOH
H2O
EtOH
EtOH/H2O
MeOH
CH3CN
Toluene

–
L-proline
Fe3O4
Fe3O4@SiO2
Fe3O4@L-proline-SO3H
Fe3O4@L-proline-SO3H
Fe3O4@L-proline-SO3H
Fe3O4@L-proline-SO3H
Fe3O4@L-proline-SO3H
Fe3O4@L-proline-SO3H

Time (min)
40
30
25
25
15
10
20
22
40
30

a
Isolated yield.
Bold represents the optimized parameter with maximum yield of the products.
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Figure 7. Effect of temperature on the synthesis of 2,3-dihydroquinazolin-4(1H)-ones.

Using the optimized amount of the catalyst, the model reaction was investigated in
different solvents such as water, ethanol, methanol, water–ethanol (1:1) mixture, acetonitrile, and toluene to select a suitable reaction media (Table 2). The results indicated
that optimum yield of the product was obtained with ethanol, at a shorter reaction
time. It was also observed that with the increase of temperature, the yield of the product
also increases and the optimum yield was obtained at 50  C (Figure 7).
To increase the scope of the reaction, various substituted aromatic aldehydes were
used (Table 3). It was observed that, with electron withdrawing substituents, the reaction was completed within a shorter reaction time as compared to those with electron
donating substituents. On completion of the reaction (monitored by TLC), the catalyst
was separated from the reaction mixture with the help of an external magnet. It was
then washed with ethanol followed by acetone and dried in the oven at 60  C before
reusing for the next reaction. The recycled catalyst did not show much alteration in its
activity even after five runs (Table 4). Studies were also carried out by replacing the aromatic aldehyde with aliphatic aldehydes under similar reaction condition. However, it
was observed that only traces of the corresponding products were formed even at higher
temperature.
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Table 3. Fe3O4@L-proline-SO3H catalyzed one-pot synthesis of 2,3-dihydroquinazolin-4(1H)-ones.
Entry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
a

(R)

Product

H
4-OH
4-Br
4-F
4-Cl
4-OEt
4-CH3
4-OCH3
4-NO2
3-Cl
3-Br
4-OH,3-OMe
2-Cl
1-Napthaldehyde
3,4-OCH3
4-NMe2

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m
3n
3o
3p

Time (min)

Yield (%)a

10
15
20
10
10
12
15
10
10
8
10
15
10
15
15
12

96
92
96
96
96
95
90
92
94
95
96
92
96
96
96
95

Isolated yield.

Table 4. Reusability of the catalyst.
No. of runs

Product

Amount of catalyst
after recycled (mg)

Time (min)

Yielda (%)

1st
2nd
3rd
4th
5th

3a
3a
3a
3a
3a

10
9
8
8
6

10
10
10
10
10

96
93
93
92
87

a

Isolated yield.

The plausible reaction pathway for the formation of 2,3-dihydroquinazolin-4(1H)ones can be rationalized via the activation of the carbonyl carbon of benzaldehyde by
protonation from the sulfonic acid proton of the catalyst, thereby enhancing the nucleophilic attack by nitrogen lone pair. The conjugate base then abstracts the nitrogen proton which eventually leads to the removal of water via the E1cB mechanism. Further,
cyclization leads to the formation of C–N bond, thereby leading to a fused six-membered ring product (Scheme 2).

Anthelmintic studies
The prevalence of intestinal helminth infection remains staggeringly high in tropical
and sub-tropical condition. Helminth infections are not normally fatal, but heavy worm
burden may result in severe adverse effects, like malnutrition, anorexia, anemia, and
retarded growth.[31] Children are most affected with worm burden, over 267 million
preschool age and over 568 million school-age children are in need of treatment and
preventive interventions.[32] Rise in report of anthelmintic resistance from all over the
world has alarmed new drug development programs. More importantly, reduced efficacy
of broad spectrum anthelmintic albendazole against intestinal helminth, Ascaris lumbricoides in school children has raised deep concern.[33]
Anthelmintic screening of six dihydroquinazolinones derivatives was carried out and
it was found that one of the derivative namely 2-phenyl-2,3-dihydroquinazolin-4(1H)one exhibited activity at all test concentrations against both Raillietina and Syphacia
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Scheme 2. Mechanistic pathway proposed for the synthesis of compounds 3(a–p).

obvelata helminths species (Table 5). 2-phenyl-2,3-dihydroquinazolin-4(1H)-one treated
against Raillietina sp. at 800 mg/mL showed mortality at 5.78 ± 0.36 h as compared with
1 mg/mL praziquantel (PZQ) at 6.51 ± 0.24 h and for S. obvelata 11.14 ± 0.23 h compared
with 1 mg/mL albendazole (ALZ) at 16.56 ± 0.18 h. Bromo substituted derivatives were
more efficacious than fluoro or chloro substituent and dimethoxy derivative was more
effective as compared to dimethyl amino substituted. At 800 mg/mL, all derivatives have
significant mortality; however, at 200 mg/mL, much reduced mortality was recorded and
dose dependence predominates, though it varies with derivatives and helminth test
models. Interestingly the nature of substituent (electron donating or withdrawing) and
the positions of substituent were vital to achieve desired efficacy.[34,35]

Experimental
Experimental reagents and solvents were obtained from Merck, Alfa aesar and sigma
Aldrich and were used without further purification. Infrared spectra of the compounds
and catalyst were recorded in Perkin Elmer FT-IR 550 spectrophotometer using KBr
disk. 1H and 13C NMR spectra were recorded in Bruker Avance II DRX 400 spectrometer. Mass spectra were recorded on WATERS (ZQ-4000) mass spectrometer. Powder
XRD of the catalyst was recorded in Explorer-GNR. All the melting points were
recorded in Optics Technology digital melting point apparatus and are uncorrected. A
transmission electron microscopic (TEM) image of the catalyst was recorded on transmission electron microscopic make JEOL, model: JEM 2100. FE-SEM images of the
nanoparticles were recorded on Field Emission Scanning Electron Microscope make
Zeiss, Model: Sigma. All reactions were monitored by using a 0.2 mm thickness pre-aluminum sheet thin-layer chromatography (TLC).
General procedure for the synthesis of Fe3O4@L-proline
Fe3O4@L-proline was prepared as reported[36] with minor modification. Briefly, 5 mmol
of FeCl3.6H2O and 2.5 mmol of FeSO4 were dissolved separately in 50 mL deionized
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Table 5. Anthelmintic activity of 2,3-dihydroquinazolin-4(1H)-ones at different test concentration.
Compounds
3a
3e
3d
3k
3o
3p
ALZ
PZQ
CONTROL

Concentration

Raillietina sp. mean
paralysis ± SEM

Raillietina sp. mean
mortality ± SEM

Syphacia obvelata
mean
paralysis ± SEM

Syphacia obvelata
mean
mortality ± SEM

200 mg
400 mg
800 mg
200 mg
400 mg
800 mg
200 mg
400 mg
800 mg
200 mg
400 mg
800 mg
200 mg
400 mg
800 mg
200 mg
400 mg
800 mg
1 mg/ mL
1 mg/ mL
–

8.98 ± 0.50
6.87 ± 0.34
5.06 ± 0.41
14.02 ± 0.36
12.43 ± 0.29
9.88 ± 0.37
10.74 ± 0.18
9.26 ± 0.36
7.96 ± 0.34
10.39 ± 0.49
8.36 ± 0.19
7.51 ± 0.53
10.76 ± 0.45
8.93 ± 0.44
8.38 ± 0.24
13.06 ± 0.47
11.26 ± 0.44
10.16 ± 0.28
–
4.96 ± 0.23
26.08 ± 0.37

10.31 ± 0.50
7.81 ± 0.46
5.78 ± 0.36
15.69 ± 0.42
13.89 ± 0.40
11.16 ± 0.32
12.34 ± 0.27
10.43 ± 0.51
8.76 ± 0.26
11.91 ± 0.48
9.54 ± 0.10
8.63 ± 0.54
12.49 ± 0.39
10.49 ± 0.50
9.26 ± 0.29
15.01 ± 0.59
13.46 ± 0.47
11.01 ± 0.37
–
6.51 ± 0.24
31.68 ± 0.48

17.23 ± 0.22
11.78 ± 0.21
9.81 ± 0.18
21.39 ± 0.27
18.75 ± 0.23
15.91 ± 0.20
18.91 ± 0.16
15.44 ± 0.20
12.86 ± 0.19
18.33 ± 0.22
14.77 ± 0.16
12.51 ± 0.16
19.85 ± 0.17
17.61 ± 0.24
14.36 ± 20.22
21.40 ± 0.20
19.97 ± 0.16
17.63 ± 0.14
15.27 ± 0.20
–
41.55 ± 0.67

20.03 ± 0.18
13.36 ± 0.20
11.14 ± 0.23
24.04 ± 0.35
20.85 ± 0.23
18.06 ± 0.24
21.73 ± 0.22
17.76 ± 0.26
14.76 ± 0.19
20.98 ± 0.28
16.99 ± 0.14
14.64 ± 0.18
22.53 ± 0.29
20.22 ± 0.29
16.12 ± 0.23
24.20 ± 0.16
22.73 ± 0.22
19.66 ± 0.26
16.56 ± 0.18
–
45.88 ± 0.61

water and then mixed together with vigorous stirring at room temperature. 2 mmol of
L-proline and NH4OH (25%, 15 mL) were added until a black suspension appears and
the pH was raised to 11. The mixture was reflux at 100  C for 6 h under stirring condition. The black suspension was removed by magnetic decantation, washed with water
and methanol several times and then finally with ethanol. The solid product was dried
in the oven at 60  C.

General procedure for the synthesis of Fe3O4@L-proline-SO3H
1.0 g of Fe3O4@L-proline was ultra-sonicated in 10 mL of dry hexane for 30 min and
then stirred at room temperature. 0.2 mL of chlorosulfonic acid was added drop-wise
and the reaction mixture was further stirred for 1 h for the complete removal of the
HCl gas. The Fe3O4@L-proline-N-sulfonic acid nanoparticles were separated by an external magnet and then washed several times with toluene and deionized water. The coated
nanoparticles was dried in the oven at 60  C.[37]

General procedure for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones
To a mixture of 2-aminobenzamide (1 mmol) and aromatic aldehyde (1 mmol) in 10 mL
of ethanol, 0.010 g of the catalyst was added. The reaction mixture was stirred at 50  C
for appropriate time. When the reaction has completed (monitored by TLC), the catalyst was removed by an external magnet and the product was filtered and recrystallized
from hot ethanol. The recovered catalyst was washed and dried in the oven at 60  C
before reusing for the next reaction.
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2-phenyl-2,3-dihydroquinazolin-4(1H)-one: 3a
White solid, melting point: 220-222  C [Lit.[38] 217-219  C]. FT-IR (KBr):  max 3305,
3187, 3064, 1655, 1614, 1587, 1453 cm1. 1H-NMR (400 MHz, DMSO-d6): d 8.30 (s,
1 H), 7.60–7.23 (m, 7 H), 7.12 (s, 1 H), 6.72–6.68 (m, 2 H), 5.74 (s, 1 H). 13C-NMR
(100 MHz, DMSO-d6): d 163.57, 147.84, 141.54, 133.30, 128.43, 128.29, 127.32, 126.82,
117.04, 114.89, 114.35, 66.50. calc. MS (ESI) m/z: 224. Found MS (ESI) m/z:
225 [M þ 1]þ.
Methods for anthelmintic studies
2,3-dihydroquinazolin-4(1H)-ones and its derivatives are freshly prepared and were
screened for anthelmintic activity against Raillietina echinobothridia a fowl cestode and
S. obvelata a pin worm nematode in mice. Derivatives were selected on the basis of side
chain with electron donating (dimethoxy and dimethylamino) and electron withdrawing
(Cl, F, and Br) groups.[39,40] Raillietina echinobothridia were collected from intestine of
freshly slaughtered domestic chicken and adult S. obvelata obtain from cecum of necropsied mice. The collected worms were washed with warm 0.9% phosphate-buffered
saline (PBS) and further maintained at 37 ± 1  C. Test parasite was divided into five
groups (5 in each) in triplicates, helminths incubated in PBS serve as control whereas
praziquental and albendazole at 1 mg/mL as a standard group for cestode and nematode, respectively. 2,3-dihydroquinazolin-4(1H)-one derivatives at a concentration of
200, 400, and 800 mg were selected for in vitro studies.[41] Each group was dissolved
with a minimum amount of 1% DMSO (dimethyl sulfoxide) and the volume was
adjusted to 5 mL. Helminth viability was determined through physical mobility test,
body movement was recorded in regular interval under a light microscope to determine
paralysis and mortality time.[42]
Statistical analysis
All data are represented as mean ± standard error of mean (SEM). Data were analyzed
using one-way ANOVA at significance level of p ˂ 0.05.

Conclusions
We have successfully developed a green and efficient protocol for the synthesis of 2,3dihydroquinazolin-4(1H)-ones, starting from aldehydes and 2-aminobenzamide using
Fe3O4@L-proline-SO3H as the reusable catalyst. The notable features of the protocol
include shorter reaction time, excellent yield of the products, easy separation and recyclability of the catalyst. The in vitro study of 2,3-dihydroquinazolin-4(1H)-ones revealed
that 2-phenyl-2,3-dihydroquinazolin-4(1H)-one showed a positive result for the treatment of helminths against Railietina sp. and S. obvelata when compared with standard drugs.
Full experimental detail can be found via the “Supplementary Content” section of
this article.

2694

G. K. KHARMAWLONG ET AL.

Acknowledgments
The authors acknowledge SAIF-NEHU, Department of chemistry, NEHU, Dr L. Robindro Singh,
Department of Nanotechnology for Powder XRD data analysis. The authors also acknowledge the
CIF, IIT Guwahati for VSM and FE-SEM analysis.

Funding
The authors acknowledge the financial support from DST-SERB [sanctioned no.: EEQ/
2016/000646].

References
[1]
[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

Xu, Z.; Zhang, Y.; Fu, H.; Zhong, H.; Hong, K.; Zhu, W. Bioorg. Med. Chem. Lett. 2011,
21, 4005–4007. DOI: 10.1016/j.bmcl.2011.05.002.
Raffa, D.; Maggio, B.; Plescia, F.; Cascioferro, S.; Raimondi, M. V.; Plescia, S.; Cusimano,
M. G. Arch. Pharm. Chem. Life. Sci. 2009, 342, 321–326. DOI: 10.1002/ardp.200800140.
Chawla, A.; Batra, C. Int. Res. J. Pharm. 2013, 4, 49–58. DOI: 10.7897/2230-8407.04309.
Xie, Z.-B.; Zhang, S.-G.; Jiang, G.-F.; Sun, D.-Z.; Le, Z.-G. Green Chem. Lett. Rev. 2015, 8,
95–98. DOI: 10.1080/17518253.2015.1109145.
Hemalatha, K.; Girija, K. Int. J. Pharm. Pharm. Sci. 2011, 3, 103–106. ISSN-0975-1491.
https://innovareacademics.in/journal/ijpps/Vol3Issue2/2002.pdf.
Kung, P. P.; Casper, M. D.; Cook, K. L.; Wilson-Lingardo, L.; Risen, L. M.; Vickers, T. A.;
Ranken, R.; Blyn, L. B.; Wyatt, J. R.; Cook, P. D.; et al. J. Med. Chem. 1999, 42,
4705–4713. DOI: 10.1021/jm9903500.
Hour, M. J.; Huang, L. J.; Kuo, S. C.; Xia, Y.; Bastow, K.; Nakanishi, Y.; Hamel, E.; Lee,
K. H. J. Med. Chem. 2000, 43, 4479–4487. DOI: 10.1021/jm000151c.
Parish, H. A.; Gilliom, R. D.; Purcell, W. P.; Browne, R. K.; Spirk, R. F.; White, H. D. J.
Med. Chem. 1982, 25, 98–102. DOI: 10.1021/jm00343a022.
El-Sabbagh, O. I.; Ibrahim, S. M.; Baraka, M. M.; Kothayer, H. Arch. Pharm. (Weinheim)
2010, 343, 274–281. DOI: 10.1002/ardp.200900220.
Robertson, J. I. S. Cardiovasc. Drug. Ther. 1990, 4, 53–58. DOI: 10.1007/BF00053427.
Abdel-Jalil, R. J.; Voelter, W.; Saeed, M. Tetrahedron Lett. 2004, 45, 3475–3476. DOI: 10.
1016/j.tetlet.2004.03.003.
Sahu, A.; Mishra, S.; Sahu, P.; Gajbhiye, A.; Agrawal, R. K. Curr. Organocatal. 2018, 5,
137–144. DOI: 10.2174/2213337205666180614112318.
Abdollahi-Alibeik, M.; Shabani, E. Chinese Chem. Lett. 2011, 22, 1163–1166. DOI: 10.
1016/j.cclet.2011.05.011.
Shi, D.; Rong, L.; Wang, J.; Zhuang, Q.; Wang, X.; Hu, H. Tetrahedron Lett. 2003, 44,
3199–3201. DOI: 10.1016/S0040-4039(03)00449-0.
Shaabani, A.; Maleki, A.; Mofakham, H. Synth. Commun. 2008, 38, 3751–3759. DOI: 10.
1080/00397910802213802.
Karimi-Jaberi, Z.; Zarei, L. Acta Chim. Slov. 2013, 60, 178–183.
Ghashang, M.; Mansoor, S. S.; Aswin, K. Res. Chem. Intermed. 2015, 41, 3447–3460. DOI:
10.1007/s11164-013-1447-y.
Labade, V. B.; Shinde, P. V.; Shingare, M. S. Tetrahedron Lett. 2013, 54, 5778–5780. DOI:
10.1016/j.tetlet.2013.08.037.
Xu, B. L.; Chen, J. P.; Qiao, R. Z.; Fu, D. C. Chinese Chem. Lett. 2008, 19, 537–540. DOI:
10.1016/j.cclet.2008.03.022.
Davoodnia, A.; Allameh, S.; Fakhari, A. R.; Tavakoli-Hoseini, N. Chinese Chem. Lett.
2010, 21, 550–553. DOI: 10.1016/j.cclet.2010.01.032.

SYNTHETIC COMMUNICATIONSV
R

[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

2695

Chen, J.; Su, W.; Wu, H.; Liu, M.; Jin, C. Green Chem. 2007, 9, 972–975. DOI: 10.1039/
b700957g.
Wang, J.; Zong, Y.; Fu, R.; Niu, Y.; Yue, G.; Quan, Z.; Wang, X.; Pan, Y. Ultrason.
Sonochem. 2014, 21, 29–34. DOI: 10.1016/j.ultsonch.2013.05.009.
Abdollahi-Alibeik, M.; Shabani, E. J. Iran. Chem. Soc. 2014, 11, 351–359. DOI: 10.1007/
s13738-013-0306-5.
Acharyulu, P. V. R.; Dubey, P. K.; Reddy, P. V. V. P.; Suresh, T. Arkivoc 2008, 2008,
104–111. DOI: 10.3998/ark.5550190.0009.b10.
Kumari, K.; Raghuvanshi, D. S.; Singh, K. N. Indian J. Chem. 2012, 51B, 860–865.
Ayyanar, S.; Vijaya, P. K.; Mariyappan, M.; Ashokkumar, V.; Sadhasivam, V.;
Balakrishnan, S.; Chinnadurai, C.; Murugesan, S. New J. Chem. 2017, 41, 7980–7986. DOI:
10.1039/C7NJ00538E.
Singh, N. G.; Lily, M.; Devi, S. P.; Rahman, N.; Ahmed, A.; Chandra, A. K.; Nongkhlaw,
R. Green Chem. 2016, 18, 4216–4227. DOI: 10.1039/C6GC00724D.
Nongrum, R.; Nongthombam, G. S.; Kharkongor, M.; Star Rani, J. W.; Rahman, N.;
Kathing, C.; Myrboh, B.; Nongkhlaw, R. RSC Adv. 2016, 6, 108384–108392. DOI: 10.1039/
C6RA24108E.
Rahman, N.; Nongthombam, G. S.; Rani, J. W. S.; Nongrum, R.; Kharmawlong, G. K.;
Nongkhlaw, R. Curr. Organocatal. 2018, 5, 150–161. DOI: 10.2174/2213337205666
180731095751.
Nongrum, R.; Kharkongor, M.; Nongthombam, G. S.; Rani, J. W. S.; Rahman, N.;
Kharmawlong, G. K.; Nongkhlaw, R. Environ. Chem. Lett. 2019, No. 0123456789 DOI: 10.
1007/s10311-019-00857-1.
Hotez, P. J.; Woc-Colburn, L.; Bottazzi, M. E. Int. J. Parasitol. 2014, 44, 597–603. DOI:
10.1016/j.ijpara.2014.04.001.
World Health Organization. https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections. 2018.
Kr€
ucken, J.; Fraundorfer, K.; Mugisha, J. C.; Ram€
unke, S.; Sifft, K. C.; Geus, D.;
Habarugira, F.; Ndoli, J.; Sendegeya, A.; Mukampunga, C.; et al. Int. J. Parasitol. Drugs
Drug Resist. 2017, 7, 262–271. DOI: 10.1016/j.ijpddr.2017.06.001.
Dutta, S.; Singh, S. K.; Mariappan, G.; Pandey, L. Acta Pharm. 2010, 60, 229–235. DOI:
10.2478/v10007-010-0011-1.
Liu, G.-L.; Hao, B.; Liu, S.-P.; Wang, G.-X. Eur. J. Med. Chem. 2012, 54, 582–590. DOI:
10.1016/j.ejmech.2012.06.009.
Azizi, K.; Heydari, A. RSC Adv. 2014, 4, 6508–6512. DOI: 10.1039/c3ra46419a.
Afradi, M.; Foroughifar, N.; Pasdar, H.; Moghanian, H. RSC Adv. 2016, 6, 59343–59351.
DOI: 10.1039/C6RA10558K.
Safari, J.; Gandomi-Ravandi, S. J. Mol. Catal. A Chem. 2014, 390, 1–6. DOI: 10.1016/j.molcata.2014.02.013.
Alam, F.; Dey, B. K.; Sharma, K.; Chakraborty, A.; Kalita, P. Int. J. Drug Res. Technol.
2014, 4, 31–38. ISSN 2277-1506. http://www.ijdrt.com.
Kumar, D.; Mariappan, G.; Husain, A.; Monga, J.; Kumar, S. Arab. J. Chem. 2017, 10,
344–350. DOI: 10.1016/j.arabjc.2014.07.001.
Otajevwo, F. D.; Obiazi, H. A. K. World J. Pharm. Res. 2018, 7, 1523–1559. DOI: 10.
20959/wjpr20189-12152.
Chen, R. P.; Yadav, A. K. TANG Human. Med. 2018, 8, 1–5. DOI: 10.5667/tang.2018.
0017.

Environmental Chemistry Letters (2019) 17:1325–1331
https://doi.org/10.1007/s10311-019-00857-1

ORIGINAL PAPER

[1,3]oxazines: green synthesis by sonication using
a magnetically‑separable basic nano‑catalyst and investigation of its
activity against the toxic effect of a pesticide on the morphology
of blood cells
Ridaphun Nongrum1,2 · Mattilang Kharkongor3 · Geetmani Singh Nongthombam2 · Jims World Star Rani2 ·
Noimur Rahman2 · George Kupar Kharmawlong2 · Rishanlang Nongkhlaw2
Received: 20 July 2018 / Accepted: 11 January 2019 / Published online: 7 February 2019
© Springer Nature Switzerland AG 2019

Abstract
The demand for a cleaner environment has led chemists to develop greener protocols, notably by using catalysts. Encapsulation of an active substance on a solid support makes the process of separation of the catalyst much simpler, thereby
generating minimal waste. We report herein the preparation of a novel basic catalyst, 3-methylaminopropyl-functionalized
Fe3O4 nanoparticles (Fe3O4@MAP nanoparticles), which catalyzes the one-pot synthesis of [1,3]oxazine derivatives under
ultrasonic conditions. Advantages include mild reaction condition, easy catalyst recovery and recyclability, shorter reaction
time and use of green solvents. We also found that one derivative, 2-(4-methoxyphenyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]
oxazine, suppresses the toxic effect caused by the chlorpyrifos pesticide on the blood cells of Polypedates teraiensis tadpoles.
Keywords [1,3]Oxazine derivatives · Synthesis · Nanoparticles · Ultrasound irradiation
Abbreviations
Fe3O4@MAP	Ferrite@(3-methylaminopropyl)silyl
FTIR	Fourier transform infrared spectroscopy
CDCl3	Deuterated chloroform
DMSO-d6	Deuterated dimethyl sulfoxide
1
H-NMR	Proton nuclear magnetic resonance
spectroscopy
13
C-NMR	Carbon nuclear magnetic resonance
spectroscopy
TMS	Tetramethylsilane
XRD	X-ray diffraction
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TEM	Transmission electron microscopy
EDS	Energy-dispersive X-ray spectroscopy
TLC	Thin-layer chromatography
ESI–MS	Electrospray ionization mass spectrometry
TGA	Thermogravimetric analysis
VSM	Vibrating sample magnetometry
RBC	Red blood corpuscles
SEM	Scanning electron microscopy
MAPTMS	(3-Methylaminopropyl)trimethoxysilane

Introduction
Compounds containing the [1,3]oxazine skeleton, as the
basic structure, has gained wide interest due to their broad
spectrum of biological activities. These compounds have
been documented to have numerous pharmacological
activities such as antitumor, (Chylińska et al. 1963) antiulcer (Katsura et al. 1991) antihypertensive, (Kajino et al.
1991) antibacterial, (Chylińska et al. 1971) antifungal, (Tang
et al. 2012) HIV1 reverse transcriptase inhibitors, (Cocuzza
et al. 2001) antithrombotic and neuroprotective agent
(Joyce et al. 2003) and progesterone receptors (Zhang et al.
2002). Furthermore, reports suggest that some substituted
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naphthoxazine derivatives exhibit therapeutic potential for
the treatment of Parkinson’s disease (Coleman et al. 1990).
Besides their pharmacological importance, the [1,3]oxazine
derivatives also find applications in chromogenic materials
(Tomasulo et al. 2010) and polymers (de Benneville and
Luskin 1959).
Numerous techniques have been reported for the synthesis
of 1,3-benzoxazines derivatives using a variety of starting
materials under different reaction conditions. However, the
synthesis of naphtha[1,3]oxazine derivatives mostly involves
the reaction of 1 or 2-naphthols, a primary amine and an
aldehyde using a variety of catalysts. Methods have been
developed whereby organocatalyst, (Dhakane et al. 2014)
ionic liquids, (Mukhopadhyay et al. 2010) and cleaner solvents (Gupta et al. 2016) have been employed for the synthesis of naphtha[1,3]oxazine derivatives. In our quest for a
milder catalyst, we found out that the reaction could be catalyzed by secondary amines. However, since most of these
amines used were difficult to recover, we tried to encapsulate
the catalyst on a magnetic ferrite surface in order to make
its recovery viable.
Surface functionalization of magnetic nanoparticles has
gained considerable attention due to its wide application in
biomedical research (Laurent et al. 2008) and as potential
catalysts (Afradi et al. 2016) in organic transformations.
An increasing interest is being devoted to the development
of highly active and selective nanocatalysts which leads to
greener and minimal waste generation processes. Lately, the
combination of ultrasonic irradiation with environmentally
benign catalyst has been widely explored in organic syntheses for both homogeneous and heterogeneous systems. The
application of ultrasound has influenced the rate of reaction
as well as the selectivity of the products (Khaligh 2013).
Many chemical transformations have been reported to be
enhanced by the use of ultrasonication (Bremner 1994).
Motivated by its wide applicability and in continuation
with our interest in the synthesis of biologically important
heterocycles following green protocols, we report herein the
synthesis of [1,3]oxazine derivatives using F
 e3O4@MAP
nanoparticles as a recyclable catalyst under ultrasonication.
The synthesized compounds were further screened for their
biological activity.

Experimental
Materials and methods
All the chemicals involved in the synthesis were purchased
from Alfa Aesar, Sigma-Aldrich and Merck and were used
as received. The purity of the synthesized products was confirmed by physical and spectroscopic data. Melting points
were determined in open capillaries in an Optics Technology
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melting point apparatus and are uncorrected. FTIR spectra were recorded with a Perkin Elmer Spectrum BX FTIR
instrument (λmax in cm−1) on KBr disks. 1H NMR and 13C
NMR spectra were recorded on a Bruker Avance II-400
spectrometer in CDCl3 and DMSO-d6 (chemical shifts in
δ with TMS as the internal standard). Mass spectra were
recorded on WATERS (ZQ-4000) mass spectrometer. The
ultrasonication reaction was carried out in an ultrasonic
bath of make Takashi Model U4.5H/H, Japan. Single-crystal XRD data were obtained with an Xcalibur-Eos-Gemini
instrument, and powder XRD analysis was conducted with a
GNR Explorer instrument. The TEM images and EDS were
captured using a transmission electron microscope of JEM2100 make, 200 kV (JEOL). All reactions were monitored
by thin-layer chromatography (TLC) using pre-coated aluminum sheets (silica gel 60 F 254, 0.2 mm thickness).

General procedure for the synthesis of Fe3O4
nanoparticles
Fe(II) and Fe(III) salts in the molar ratio 1:2 were dissolved
in deionized water and ultrasonicated for 5 min. Twenty milliliters of 1.5 M KOH solution was then added dropwise,
and the solution was maintained at pH 9–11. The solution
was further ultrasonicated for 3 h at 60 °C. The precipitate
formed was then washed several times with water followed
by ethanol and diethyl ether. It was then dried for overnight.

General procedure for the synthesis of Fe3O4@MAP
nanoparticles
One gram of the prepared F
 e3O4 nanoparticles was dispersed
in 100 mL dry toluene by ultrasonication for 10 min. To this
mixture, 2.5 mL of (3-methylaminopropyl)trimethoxysilane
was added dropwise. The reaction was carried out in a nitrogen atmosphere under ultrasonication at 50 °C for 4 h. The
resultant nanoparticles were then separated by centrifugation
and washed several times with deionized water followed by
ethanol and dried in an oven at 80 °C.

General procedure for the synthesis of 5(a–j),
6(a–e), 7(a–e), 8(a–f), 9(a–e)
To a mixture of 1- or 2-naphthol/substituted phenol
(1.5 mmol), formaldehyde (3.0 mmol) and substituted anilines (1.5 mmol) in 20 mL aqueous ethanol (3:1), 20 mg of
the prepared catalyst was added. The reaction mixture was
then subjected to ultrasonic irradiation for the time indicated in Table 1. The progress of the reaction was monitored
by TLC. The catalyst was recovered magnetically, washed
with ethanol, dried and reused for sequential run under similar reaction conditions. The product obtained was filtered,
washed and in some cases recrystallized from warm ethanol.
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Table 1  List of the synthesized
[1,3]oxazine derivatives 5a–f,
6a–e, 7a–d, 8a–e, 9a–e

Entry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

3/4

2-naphthol
2-naphthol
2-naphthol
2-naphthol
2-naphthol
2-naphthol
1-naphthol
1-naphthol
1-naphthol
1-naphthol
1-naphthol
3-cresol
3-cresol
3-cresol
3-cresol
4-cresol
4-cresol
4-cresol
4-cresol
4-cresol
3,5-dimethyl phenol
3,5-dimethyl phenol
3,5-dimethyl phenol
3,5-dimethyl phenol
3,5-dimethyl phenol

1327
Ar

Product

4-CH3C6H4
4-OCH3C6H4
4-ClC6H4
4-BrC6H4
C6H5
C6H5CH2
C6H5
4-CH3C6H4
4-OCH3C6H4
C6H5CH2
4-ClC6H4
4-CH3C6H4
4-BrC6H4
C6H5
2-CH3C6H4
4-CH3C6H4
4-ClC6H4
2-CH3C6H4
4-OCH3C6H4
C6H5
C6H5
4-CH3C6H4
4-ClC6H4
C6H5CH2
4-OCH3C6H4

5a
5b
5c
5d
5e
5f
6a
6b
6c
6d
6e
7a
7b
7c
7d
8a
8b
8c
8d
8e
9a
9b
9c
9d
9e

Ultrasound irradiation
a

R T stirring for 6 h

Time (min)

Yield (%)

Yieldb (%)

15
15
15
15
15
18
25
18
20
18
20
25
30
25
25
25
25
25
25
25
20
20
20
20
20

90
92
91
93
93
88
85
85
80
88
88
88
90
88
85
80
75
78
75
75
85
80
85
78
80

84
75
80
86
85
64
65
68
65
65
70
72
76
65
65
58
55
55
60
55
65
60
60
60
60

RT room temperature

a

b

Isolated yield under ultrasonic condition
Isolated yield under room temperature stirring condition

Selected spectral data
2‑(p‑tolyl)‑2,3‑dihydro‑1H‑naphtho[1,2‑e][1,3]oxazine
(5a) Light yellow solid, m.p. 94–96 °C. IR (KBr): ν 3060,
2992, 2857, 1625, 1600, 1514, 1471, 1310, 1229 cm−1. 1H
NMR (400 MHz, CDCl3): δ 7.69 (d, 1H, J = 7.6 Hz), 7.61–
7.54 (m, 2H), 7.44–7.40 (m, 1H), 7.30–7.27 (m, 1H), 6.97–
6.94 (m, 5H), 5.31 (s, 2H), 4.84 (s, 2H), 2.17 (s, 3H) ppm.
13
C NMR (100 MHz, C
 DCl3): δ 152.3, 146.4, 131.3, 131.2,
129.8, 129.0, 128.7, 128.2, 126.6, 123.6, 120.9, 118.9,
118.8, 112.5, 80.1, 48.3, 20.5 ppm. ESI–MS: m/z 275 [M]+.
7‑methyl‑3‑(p‑tolyl)‑3,4‑dihydro‑2H‑benzo[e][1,3]oxa‑
zine (7a) Light yellow solid, m.p 82–84 °C. IR (KBr): ν
3029, 2914, 2856, 1626, 1516, 1404, 1362, 1266, 1144,
1053 cm−1. 1H NMR (400 MHz, DMSO-d6): δ 6.99–6.92
(m, 4H), 6.80 (d, 1H, J = 8.0 Hz), 6.61 (d, 1H, J = 8.0 Hz),
6.54 (s, 1H), 5.23 (s, 2H), 4.47 (s, 2H), 2.17 (s, 6H) ppm. 13C
NMR (100 MHz, DMSO-d6): δ 153.8, 145.6, 137.3, 130.4,

129.3, 126.0, 121.1, 118.1, 117.3, 116.7, 79.4, 49.9, 20.6,
20.0 ppm. ESI–MS: m/z 239 [M]+.
3‑(4‑chlorophenyl)‑6‑methyl‑3,4‑dihydro‑2H‑benzo[e]
[1,3] oxazine (8b) White solid, m.p. 68–70 °C. IR (KBr):
ν 3030, 2922, 2866, 1634, 1595, 1497, 1360, 1259, 1173,
 DCl3): δ 7.13–7.07 (m,
1098 cm−1. 1H NMR (400 MHz, C
2H), 6.95 (d, 2H, J = 8.4 Hz), 6.85–6.80 (m, 1H), 6.73 (s,
1H) 6.63–6.61 (m, 1H), 5.21(s, 2H), 4.48 (s, 2H), 2.17 (s,
3H) ppm. 13C NMR (100 MHz, CDCl3): δ 151.4, 146.6,
129.7, 128.6, 126.5, 125.8, 119.6, 119.1, 118.5, 116.1, 78.8,
50.1, 20.0 ppm. ESI-MS: m/z 259 [M]+.

Method for biological studies
For the preliminary screening, the experiment was divided
into groups of ten tadpoles (Polypedates teraiensis) (Gosner stage 26–30) each in a glass bowl containing 150 mL
of dechlorinated tap water mixed with the solution of the
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compounds at different concentrations. The control groups
are maintained in untreated dechlorinated tap water. For the
collection of blood sample and light microscope, Krishna
and Hayashi (2000) protocol was followed. For the main
experiment, four groups with ten tadpoles each were taken in
a glass bowl containing 150 mL of dechlorinated tap water.
The first treated group is maintained in the water containing
0.25 mL of the sample (0.05 mol of 5b in 5 mL of acetone),
in the second group 1 ppm of chlorpyrifos was added and
the third group contains a mixture of 1 ppm chlorpyrifos
and 0.25 mL of the sample. The tadpoles were then exposed
for 48 h, and blood samples were collected. The standard
procedure for scanning electron microscopy (Postek et al.
1980) was followed.

Results and discussion
A three-component reaction comprising of aryl amines,
substituted phenols/1- or 2-naphthol and formaldehyde was
carried out in ethanol–water (1:3) medium. Fe3O4@MAP
nanoparticles were used as a catalyst, and the reaction was
facilitated by ultrasound irradiation (Scheme 1). On completion of the reaction, the catalyst was easily recovered by
using an external magnet.
The Fe 3O 4 nanoparticles were prepared by chemical
reduction of Fe(II) and Fe(III) salts which was then functionalized by the 3-methylaminopropylsilyl moiety. The
synthesized catalyst was characterized by FTIR, TEM,
EDS and powder XRD. The Fourier transform infrared
spectrum (FTIR) (Fig. 1a) of F e 3O 4@MAP nanoparticles shows peaks at 2931, 1469, 1107 cm −1 corresponding to the C–H, C–N, Si–O stretching, respectively, of
the methylaminopropylsilyl moiety. The sharpness of the
band around 1100 cm−1 in case of (c) as compared to that
Scheme 1  Synthesis of [1,3]
oxazine derivatives using
Fe3O4@MAP nanoparticles
as catalyst under ultrasonic
condition. Reaction condition:
formaldehyde (1), substituted
anilines (2) and 1- or 2-naphthol
(3)/substituted phenol (4) in
water–ethanol (3:1)
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of (a) suggests the disappearance of the C–O stretching
frequency of the alkoxy group. Moreover, the presence
of a band around 631 cm −1 corresponding to the Fe–O
stretching clearly indicates the successful immobilization
of the methylaminopropylsilyl component on the F
 e 3O 4
nanoparticles. The size and structure of the prepared
Fe3O4@MAP nanoparticles were evaluated by transmission electron microscopy (TEM) (Fig. 1b). A thin layer of
around 0.58 nm is visible around the metal nanoparticle
lattice which can be interpreted as the functionalization
of the organo moiety (3-methylaminopropylsilyl) on the
Fe3O4 nanoparticle surface. The energy-dispersive X-ray
spectroscopy (EDS) data (Fig. 1c) of the prepared catalyst show the presence of Si and C peaks apart from that
of Fe and O peaks, thus confirming the encapsulation of
methylaminopropylsilyl on the Fe3O4 nanoparticles. The
powder XRD pattern (Fig. 1d) shows diffraction peaks at
2θ = 30.6°, 35.7°, 43.3°, 54.1°, 57.6°, 62.9° corresponding
to the (220), (311), (400), (422), (511) and (440) planes.
The percentage of the organo moiety (i.e., 3-methylaminopropyl) functionalized on the Fe3O4 nanoparticle
was determined from thermogravimetric analysis (TGA)
of the nanoparticle (Fig S1, see supporting information).
The TGA plot of the unmodified F
 e3O4 nanoparticle did not
show a variable weight loss in the overall temperature range
of 200–800 °C; however, the functionalized nanoparticle
showed a noticeable weight loss of around 8–9% in the temperature range 200–400 °C. This study demonstrated that
approximately 8–9% of the nanoparticle is comprised of the
functionalized organo moiety (i.e., 3-methylaminopropyl).
The vibrating sample magnetometry (VSM) analysis (Fig
S2, see supporting information) of the catalyst showed that
the saturation magnetization of the prepared catalyst (a) has
decreased as compared to that of F
 e3O4 nanoparticles (b)
due to presence of a coated layer.
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Fig. 1  a Fourier transform infrared spectra of 
Fe3O4 nanoparticles, MAPTMS (i.e., (3-methylaminopropyl)trimethoxysilane) and
Fe3O4@MAP nanoparticles. b Transmission electron microscopy

image of 
Fe3O4@MAP nanoparticles. c Energy-dispersive X-ray
spectroscopy image of Fe3O4@MAP nanoparticles. d Powder X-ray
diffraction pattern of Fe3O4@MAP nanoparticles

Studies were carried out to optimize the amount of catalyst for a model reaction [2-naphthol (1.5 mmol), 4-toluidine
(1.5 mmol) and formaldehyde (3.0 mmol)]. It was found that
20 mg of the catalyst with ethanol as solvent was an ideal
amount to promote the reaction and further increase of the
catalyst amount did not significantly increase the yield (Fig
S3, see supporting information).
The efficiency of the catalyst for the model reaction was
studied in different reaction media, and the observations
are represented in Fig S4 (see supporting information). It
was observed that the reaction was favored by polar protic
solvents. When ethanol–water system was employed, there
was no significant difference in the yield as compared to that
of ethanol. Hence, ethanol–water (1:3) was considered as
the solvent of choice. The model reaction was studied both
under room temperature stirring condition and ultrasound
irradiation. It was found that 15 min was the optimum time
required in case of ultrasonication for the formation of 5a.

Also, the yield of the product was found to be much higher
in the latter case. The plausible mechanistic pathway of the
reaction is as given in Scheme S1 (see supporting information). The recyclability of the catalyst was investigated for a
model reaction (synthesis of 5a), and the yields corresponding to five consecutive runs are shown in Fig S5 (see supporting information). The slight decrease in the yield with
the number of runs may be attributed to the agglomeration
of the catalyst.

Biological studies
[1,3]oxazine derivatives have been known to have numerous
pharmacological importance including antimicrobial activity. In continuation with our interest (Nongrum et al. 2016),
in screening potential heterocyclic compounds for their biological activity, a study was carried out using some of the
[1,3]oxazine derivatives to ascertain its role in suppressing
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the toxic effects of a pesticide chlorpyrifos on the external physical morphology as well as the blood cells of P.
teraiensis tadpoles. Chlorpyrifos, the second largest selling
(Maharajan et al. 2015) insecticide in India, is widely used
for controlling both household and agricultural pests (Deb
and Das 2013).
Preliminary screening was done, in order to select the
effective derivative and optimize its concentration, by
treating the specimen in solution of different compounds
at different concentrations. After the initial screening,
2-(4-methoxyphenyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]
oxazine (5b) was found to be the potent derivative. The
specimen which was treated in the solution of 5b at a certain concentration showed neither abnormal change in their
behavior nor any alteration in their external morphological features. When the blood samples of the specimen were
exposed to a simple light microscope (Fig S6, see supporting
information), the red blood corpuscles (RBCs) of the specimen treated in 5b indicated no abnormality in the nucleus.
Hence, 5b was taken into consideration for carrying out further studies involving the pesticide.
Further, the SEM image of the blood of tadpoles reveals
that when they were exposed to 1 ppm of the pesticide for
48 h, deformity of the RBCs was observed (Fig. 2a). However, no distinct changes in the morphology of the RBCs
were detected when the specimen was exposed to the solution of the sample (0.05 mol of 5b in 5 mL of acetone)
(Fig. 2b). Similarly, there was no significant change in
the morphology of the RBCs of the tadpole treated with
a solution containing a mixture of 0.50 mL of the sample
Fig. 2  Scanning electron
microscope (SEM) images of
the effect of chlorpyrifos on the
blood of Polypedates teraiensis
tadpole (Gosner stage 26–30)
in: a 1 ppm of chlorpyrifos after
48 h of treatment. b 0.25 mL of
sample (5b), c controlled condition, d 1 ppm of chlorpyrifos
mixed with 0.25 mL of sample
(5b)
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and 1 ppm of the pesticide in 150 mL dechlorinated tap
water (Fig. 2d) as compared to the controlled condition
(Fig. 2c). From this observation, it may be inferred that
the compound 5b shows a positive impact in suppressing
the harmful effect of the concerned pesticide to a considerable extent.

Conclusion
The studies described above clearly demonstrate an effective and efficient protocol for the one-pot three-component
synthesis of [1,3]oxazine derivatives using a novel and
magnetically retrievable Fe3O4@MAP nanocatalyst under
ultrasonic irradiation. The protocol was found to be environmental friendly due to easy recovery and recyclability
of the catalyst. In addition, the biological importance of
2-(4-methoxyphenyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]
oxazine in subduing the toxic effect of chlorpyrifos (an
insecticide) on the RBCs of a P. teraiensis tadpole has
been highlighted. The observation can further be explored
to investigate other facets of vertebrates in the near future.
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Italy
Area of Research: nonlinear sciences, kinetic theory, mathematical models in biology and life sciences.
Claude Le Bris, CERMICS, Ecole Nationale des Ponts et Chaussees, 6 & 8 avenue Blaise Pascal, Cite
Descartes, Champs-sur-Marne 77455 Marne La Vallee Cedex 2, FRANCE
Area of Research: Mathematical analysis and numerical methods for partial differential equations with
applications to molecular simulation, multiscale problems, materials science, continuum mechanics.
Cristian Calude, Department of computer science, University of Auckland, Auckland New Zealand
Thierry Cazenave, Laboratoire Jacques-Louis Lions, Université Pierre et Marie Curie, 4, place Jussieu 75252
Paris Cedex 05 France
Area of Research: nonlinear evolution equations, nonlinear partial differential equations.
P. Corsini, Dept. of Math. and Comp. Sci., Università degli Studi, 33100 Udine , Italy.
Area of Research: Groups theory; Algebraic hyperstructures; Fuzzy sets.
C.M. Dafermos, Division of Applied Mathematics, Box F Brown University, Providence RI 02912 USA
Area of Research: Continuum Mechanics, Nonlinear Partial Differential Equations.

Antonio DeSimone, Applied Mathematics, SISSA-International School for Advanced Studies, I-34014 Trieste
ITALY
Area of Research: Continuum Mechanics and Soft Matter Elasticity.
S. S. Dragomir, Chair in Mathematical Inequalities, School of Computer Science & Mathematics, Victoria
University, PO Box 14428, Melbourne City, MC 8001, Australia.
Area of Research: Classical Mathematical Analysis; Theory of Inequalities; Convex Functions; Best
Approximation; Numerical Integration; Geometry of Banach Spaces; Operator Theory.
Dimitris Drikakis, Head of Aerospace Sciences Department, Cranfield University, School of Engineering,
Cranfield, Befordshire, MK43 0AL, United Kingdom
Area of Research: Computational Fluid Dynamics, Aerodynamics, Turbulence Gas dynamics, omputational
Nanotechnology, Microflows Biofluid Mechanics, Transport Phenomena.
Oscar Ibarra, Department of Computer Science, University of California, Santa Barbara, CA 93106, USA
Area of Research: Theoretical Computer Science
T.R. Khan, Department of Mathematical Sciences, Clemson University, Clemson, SC 29634-0975, USA
Area of Research: Inverse Problem or Parameter Estimation Problem for PDEs.
Do Sang Kim, College of Natural Sciences, Pukyong National University, Division of Mathematical Sciences, 5991 Daeyeon 3-Dong, Nam-Gu, Busan 608-737, Korea
Area of Research:
Jong Kyu Kim, Department of Mathematics, Education, Kyungnam University, Masan, Kyungnam 631-701, Korea
Area of Research: Nonlinear Functional Analysis, Variational Inequalities, Nonlinear Operator Theory,
Differential Equations, Nonlinear Ergodic Theory.
Doron Levy, Department of Mathematics, University of Maryland, College Park, 20742, USA
Area of Research: Numerical analysis, applied partial differential equations, applications to biology, physics,
engineering, and medical sciences.
Ta-Tsien Li, Department of Mathematics, Fudan University, Shanghai 200433, P.R. China.
Wing Kam Liu, Director of NSF Summer Institute on Nano Mechanics and Materials, Northwestern University,
Department of Mechanical Engineering, 2145 Sheridan Rd., Evanston, IL 60208-3111 USA
Area of Research: Numerical Methods, Reproducing Kernel Particle and Wavelets Methods, Linear and
Nonlinear Fluid Structure Interactions, Finite Element and Finite Difference Numerical Methods.
Dan C. Marinescu, School of Electrical Engineering and Computer Science, University of Central Florida, 4000
Central Florida Boulevard, Orlando, Fl. 32816, USA
Javad Mashreghi, Departement de mathmatiques et de statistique, Universite Laval, Quabec QC, G1K 7P4
Canada
Dumitru Motreanu, Department of Mathematics, University of Perpignan, 52, Avenue Paul Alduy, 66860
Perpignan, France
Area of Research: Calculus of Variations, Partial Differential Equations, Degree Theory.
Mitsuharu Otani, Department of Applied Physics, Faculty of Science and Engineering, Waseda University, 3-4-1
Okubo, Shijuku-ku, Tokyo, 169-8555, Japan
Area of Research: Nonlinear evolution equations, subdifferential operators, nonlinear partial differential
equations, nonlinear functional analysis.
Jacob Palis, National Institute of Pure and Applied Mathematics - IMPA, Est. Dona Castorina, 110, 22460-320
Jardim Botanico, RJ Brazil
Area of Research: Dynamical Systems, Differential Equations.
Allan Peterson, Department of Mathematics, University of Nebraska-Lincoln, Lincoln, NE, USA
Area of Research: Dynamic Equations on Time Scales, Difference Equations, Discrete Fractional Calculus and
Differential Equations.
Oscar Garcia-Prada, Instituto de Matematicas, Consejo Superior de Investigaciones Cientificas, Serrano 121
28003 Madrid Spain
Area of Research: geometry, topology, mathematical physics.
T.M. Rassias, Department of Mathematics, National Technical Unversity of Athens, Zografou Campus 157 80
Athens Greece

Area of Research: Global Analysis, Nonlinear Mathematical Analysis, Functional Analysis, Approximation Theory,
Hyers-Ulam-Rassias Stability for Functional Equations, Analytic Inequalities.
Daniel N. Riahi, UIUC University of Illinois - Urbana-Champaign, 45 San Diego Avenue, Brownsville, TX 785261844 USA
Area of Research: Applied mathematics, fluid mechanics, convection, turbulence, stability, materials processing,
magnetohydrodynamics.
Grzegorz Rozenberg, Leiden Institute of Advanced Computer Science, Leiden, The Netherlands
Area of Research: Theoretical Computer Science
Junkichi Satsuma, Department of Physics and Mathematics, Aoyama Gakuin University, 5-10-1 Fuchinobe,
Sagamihara-shi, Kanagawa 229-8558 Japan
Area of Research: nonlinear wave theory, nonlinear integrable sysstem, nonlinear difference equation.
Mau-Hsiang Shih, Department of Mathematics, National Taiwan Normal University, 88, Sec.4, Ting Chou Road,
Taipei, Taiwan
Area of Research: Nonlinear Analysis, Complexity Theory, Biomathematics.
Kumar K. Tamma, Department of Mechanical Engineering, 111 Church Street S. E., University of Minnesota,
Minneapolis, MN 55455 USA
Le Dung Trang, The Abdus Salam International Centre for Theoretical Physics (ICTP), Strada Costiera 11 I34014 Trieste Italy
Ram U. Verma, Department of Mathematics, University of Toledo, Toledo, Ohio 43606, USA
Area of Research: Applied Nonlinear Analysis, Nonlinear Variational Inequalities, Determinant Theory for
Singular Integral Operators, Optimization and Control Theory.
S. Watanabe, Tokyo Institute of Technology, Mail-box R2-5 , 4259 Nagatsuta midori-ku, Yokohama 226-8503
Japan
T.S. Zhao, Department of Mechanical Engineering, The Hong Kong University of Science & Technology, Clear
Water Bay, Kowloon, Hong Kong.
Area of Research: Heat/mass transport at micro- and nanometer scales; Lattice Boltzmann methods, Fuel cells.
P.G.Romeo, Department of Mathematics Cochin University of Science and Technology Cochin University, Kochi682022, Kerala, India
Area of Interest : Semi-groups, Universal Algebras, Category theory
Rahim Asghari, Applied Mathematics Department, University of Guilan, Reydounkenar, city–Mazandaran, Iran.
Area of Interest:Statistics,Montecarlo Simulation,Finance
Ahmad Neirameh, Department: Applied Mathematics University/Department: Guilan University, Gonbad Kavoos,
Golestan, Iran
Area of Interest: linearization methods
Kishor Ramrao Gaikwad, Mathematics Department, Savitribai Phule Womens Engineering College, Saharnapur,
Aurangabad, Maharashtra,India
Area of Interest: Thermoelasticity, Boundary Value Problem in Heat Conduction Equation, Integral Transform,
Heat Transfer.
Mohammad Valipour, Department of Irrigation and Drainage Engineering, College of Abureyhan, University of
Tehran, Pakdasht, Tehran, Iran-1675755936
Area of Interest: Surface and pressurized irrigation, Drainage engineering, Relationship between energy and
environment Agricultural water management, Mathematical and computer modeling and optimization Water
resources, Hydrology, Hydrogeology, Hydrometeorology, Hydro informatics, Hydrodynamic Hydraulic, Fluid
mechanics, Heat transfer in soil media
Dr. Jyotindra C. Prajapati, Department of Mathematical Sciences, Charotar University of Science and
Technology, Changa, Petlad, Anand dist., Gujarat, India
Area of Interest: Special Functions, Fractional Calculus, Integral Transforms
Dr. Sanjeev Kumar Singh Associate Professor , Department of Mathematics Coordinator, Internal Quality
Assurance Cell (IQAC) Union Christian College Ri-Bhoi-793122 Meghalaya
Area of Interest Computational l Optimization , Evolutionary Algorithms, Combinatorial optimization and Natural
Language Processing etc. Statistical Analysis, Data Analysis using MATLAB etc.
Dr. Hymavathi Talla Department of Mathematics Adikavi Nannaya University Rajahmundry-533104

Area of Interest : Mathematics
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