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Introduction 
Influenza A virus is major respiratory pathogen responsible for 

causing highly contagious and acute respiratory disease. It belongs 
to the family of RNA viruses “Orthomyxoviridae” and has a 13.5kb 
genome with eight single-stranded (ss) RNA segments. These 
negative-sense ssRNA segments encode eleven proteins: HA, PB1, 
PB2, PA, NP, NEP, M1, NA, NS1, M2 and PB1-F2. HA protein 
facilitates entry of virus in the host cell, polymerase subunits PB1, PB2, 
PA and NP (nucleoprotein) assist in replication and transcription of 
viral RNAs. Nuclear export protein (NEP/NS2) and matrix protein 
(M1) plays a role in export of viral nucleoprotein from the nucleus 
to cytoplasm and their assembly into virion at plasma membrane. 
The NA protein assist in the release of virus from infected cells and 
NS1 protein acts as interferon antagonist inhibiting the host immune 
response. M2 protein is an integral part of viral envelope, forming pH 
regulated and highly sensitive proton conducting channels, essential 
for viral replication. PB1-F2 protein is an important determinant 
of virulence of influenza virus, increases the severity of secondary 
bacterial infections and also induces apoptosis [1]. 

In Influenza A virus, aquatic birds act as natural reservoir but 
it has the ability to infect variety of hosts like birds, human beings 
and swine [3]. Due to segmented nature of the genome, influenza A 
virus has high variability thereby undergoing re-assortment when a 
cell is infected with more than one virus [4]. This process of genetic 
reassortment results in generation of novel strains of influenza 
virus thus preventing the acquired immune response from previous 
infections, leading to recurrent epidemics and global pandemics. 

Influenza virus pandemics have been defined as global outbreaks 
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of the disease due to emergence of viruses with new antigenic subtypes. 
There have been four pandemics: the 1918 Spanish influenza, the 
1957 Asian influenza, the 1968 Hong Kong influenza and the 2009 
Swine influenza, resulting in more than a million deaths [5]. Between 
these episodes of pandemics, there have been various epidemics of 
grave severity. Influenza pandemics and epidemics are initiated by 
the introduction and successful adaptation of antigenic variation in 
the surface glycoproteins, Hemagglutinin (HA) and Neuraminidase 
(NA) assisting the virus in evading the host immune response [6,7]. 
On the basis of sequence analysis, a total of sixteen HA (H1-H16) 
and eleven NA (N1-N11) have been identified, combination of which 
results in major outbreaks [3]. The variation in viral genome occurs 
either as a result of minor antigenic changes over a period of time, 
facilitating escape from the existing immune response, known as 
“antigenic drift”, producing outbreaks of seasonal flu or by sudden 
major change in the genome as a result of genetic re-assortment 
where the genomes of two different strains of viruses are re-assorted 
creating a novel viral strain, process known as “genetic shift” [8]. The 
outbreaks of seasonal influenza are the result of frequent anti¬-genic 
drift, however in case of genetic shift, if the novel strain has virulence 
for human; it may give rise to pandemic situation, since humans are 
unlikely to generate appreciable immune response against the new 
virus. 

Earlier FDA had approved the drugs Amantidine and Rimantidine 
(M2 proton-selective ion channel protein inhibitors), but these drugs 
are abandoned for treatment owing to the high resistance (>99%) of 
Influenza A (H3N2, H1N1’09) virus for these drugs (CDC) Existing 
influenza treatment is limited to neuraminidase inhibitors and 
increasing number of drug resistance cases against these inhibitors 
has been reported which is serious matter of concern [9]. The 
most efficient treatment for influenza virus infection is through 
vaccination, thereby reducing the impact of pandemic influenza 
[10]. The currently approved vaccine provides an effective counter-
measure against influenza virus, but they provide humoral immunity 
against the surface antigen, which often undergoes antigenic drift. 
Hence, these vaccines need to be reformulated annually in order to 
generate immune response against the specific strain of virus that is 
predicted to circulate in the next season, which is a major limitation 
[11].

Bacterial Infections 
Influenza usually does not advance to death in healthy children 

and adults, however serious sequelae can occur with secondary 
or co-infection with bacterial pathogens, especially in immune-
compromised individuals with chronic health conditions like 
respiratory ailment, cardiac disease etc. Bacterial associated 
pneumonia is the most common source of increased mortality during 
the pandemic season. Bacterial pathogens may infect concurrently 
with the viral infection, the co-infection results in pneumonia thereby 
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increasing the severity of disease. Bacterial infection may also occur 
after the influenza virus has been cleared from lungs, and the host is 
more susceptible to secondary infections [12]. Secondary infections 
are facilitated by influenza-associated impairment of immune 
system, caused by enhanced release of inflammatory cytokines or by 
decreasing the ability to clear bacterial infections. 

Clinicians now have several ways to alleviate pneumonia through 
vaccines, antibiotics and antiviral therapies, thereby contributing 
to decreasing the burden of disease globally. It has been observed 
that influenza and pneumococcal vaccine in synergy, reduced 
hospitalization due to influenza and pneumonia significantly [13]. In 
the cases of suspected invasive bacterial infection, early initiation of 
antiviral therapy and appropriate antibiotics should be administered 
to increase the efficiency of the treatment. 

These measures however have limitations, which restrain their 
effectiveness. The over usage of antibiotics to combat bacterial 
infections, has contributed severely to the antibiotic resistance 
with evidence that MRSA (Methicillin-resistant Staphylococcus 
aureus) infections is responsible for increase in morbidity and 
mortality, especially among the children diagnosed with influenza 
[14]. Limitations include the delay in production of vaccines and 
stockpiling of antiviral and antibacterial drugs [15].

Pandemics
1918 H1N1 Pandemic

The 1918 Pandemic “Spanish flu” remains unprecedented in terms 
of severity, killing about 50-100 million people globally, hence often 
known as “mother of all pandemics” [16,17]. The causative organism 
was the H1N1 subtype of Influenza A virus with avian ancestral 
source. It was highly intriguing how the viruses of avian origin 
adapt to mammalian hosts and infect such different cell types. The 
examination of genome revealed the possibility of de novo adaptation 
of the avian virus by parallel evolution of genes in a novel (human) 
host [18]. The pandemic is believed to have originated from china and 
occurred in three waves, starting from a mild wave in spring season, 
followed by the most catastrophic and severe wave in fall and then 
the final mild wave in winter of 1918-1919 [19]. Pandemic reached 
Indian subcontinent through Bombay, thereby spreading North and 
south simultaneously, increasing the death toll to 10-20 million (38% 
of global mortality), making India the worst affected country in terms 
of mortality [16,19,20]. 

Although there were various theories regarding the severity 
of 1918 pandemic, the experts reached a consensus that the high 
mortality rate was due to secondary infections caused by bacterial 
pathogens (pneumococci, streptococci, staphylococci) colonizing the 
upper respiratory tract [21]. Experts believed that bacterial invaders 
infected in sequential manner, after the influenza virus cripple 
the pulmonary tissue [22]. Most commonly identified bacteria in 
the pandemic patients were S. pneumoniae, S. pyogenes and less 
commonly S. aureus and H. influenzae [23]. One of the most puzzling 
features of 1918 Pandemic was the W-shaped Influenza mortality 
curve with unusual burden among the young adults (healthy 
population between 20-40 years), instead of the usual U-shaped curve 
[6,18,24].Various reports have shown that the increased mortality in 
otherwise healthy young could be contributed by the excessive release 

of pro-inflammatory cytokines (IL-6, IL-8) and tumor necrosis factor 
(TNF-α) [25-27]. 

Another reason for the devastation by 1918 pandemic could be the 
rudimentary health practices with limited knowledge about disease 
prevention and control. The development of antivirals, vaccines 
and antibiotics to treat the secondary infections were still decades 
away, hence efforts to control the outbreaks were restricted to Non-
Pharmaceutical Interventions (NPIs), which included quarantine, 
prohibition of public gatherings and use of facemasks [28].

Spanish flu is still believed to be the worst public disaster in the 
history, killing millions of people. However, it brought to light the 
urgency to improve the public health care conditions across the globe, 
which led to major advancements in medical sciences, awareness and 
better preparedness for such un-anticipated outbreaks.

1957 H2N2 Pandemic 
After almost 40 years of Spanish flu, a novel strain of Influenza 

virus (H2N2) of avian origin, emerged in China in February 1957, and 
gave rise to a pandemic situation, killing around 500,000 to 2 million 
people worldwide [29]. After spreading across China, the Asian flu 
progressed to Singapore, Japan and Taiwan before traversing across 
the globe. The H2N2 strain was the product of re-assortment between 
the circulating human virus that introduced N2 and avian virus 
with H2 HA, as revealed from phylogenetic studies [1,30]. As with 
Spanish Flu, H2N2 virus would reappear in successive waves, second 
one being more severe than the previous one [31]. Asian flu reached 
India in May 1957 through the port of Madras, thereafter spreading 
throughout the country, leading to the death of about 1098 people 
from May 1957- February 1958 [32]. 

The Asian influenza had similar characteristics of increased 
deaths due to bacterial pneumonia with S. aureus, H. influenza and S. 
pneumoniae being the major pathogens that were isolated [21,22]. The 
Influenza mortality curve shifted towards younger age group, similar 
to 1918 Pandemic, suggesting the presence of pre-existing antibodies 
in elderly from the prior exposure [33]. By the time of Asian flu, 
global surveillance was used to determine the disease burden through 
a network of laboratories worldwide, linked to Influenza Research 
Center based in London [34]. After the catastrophic effect of Spanish 
flu, several measures were taken in the field of influenza research 
to be better prepared for such unforeseen situations, although the 
expertise was still inadequate. The 1957 pandemic was the first event 
to study the response of vaccination in large population that has not 
been exposed to the novel H2N2 strain of virus, but did not have a 
significant impact due to limited supply [35]. Antibiotics reduced the 
disease burden due to secondary bacterial infection; however they 
were not effective against viral infections [34]. The usage of non-
pharmaceutical interventions was minimum and the antivirals were 
yet to be developed [36]. Asian flu, though mild pandemic, emerged 
as a reminder of persisting global threat of Influenza virus.

1968 H3N2 Pandemic 
A decade after its emergence, Asian flu underwent genetic re-

assortment between human and avian strain via antigenic shift, giving 
rise to a novel H3N2 strain and triggering a new pandemic situation 
known as Hong Kong flu. Even though this strain of virus was highly 
contagious leading to rapid dissemination globally, it was still milder 
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than Asian flu with the mortality estimates of 500,000 to 2 million 
deaths worldwide [29]. After being first reported in Hong Kong 
in July 1968, it spread throughout Asia before reaching west coast 
of United States in August, England and Australia by September, 
Canada in December and France by January 1969 [30,33]. The H3N2 
virus reached Madras, India in September from Singapore followed 
by the reported decline in influenza activity during end of November 
and December in Madras. It gradually spread to entire Indian 
subcontinent with the appearance of most severe manifestation 
among children [37]. 

A characteristic shift in mortality curve was observed with highest 
fatality cases being reported among the children and elderly, forming 
a U-shaped mortality curve [38]. Similar to previous pandemics, 
it spread in two successive waves but the distinctive feature of this 
pandemic was that the number of associated deaths in the two waves 
varied with geographic location, with United states and Canada 
being more affected by the first wave, whereas Europe and Asia by 
the second wave, thereby following a smoldering pattern [33]. The 
relative amelioration of infection rates can be the consequence of the 
pre-existing antibodies to neuraminidase antigen (N2), similar to its 
antecedent Asian flu (H2N2) strain. 

The foremost complication during the Hong Kong pandemic was 
pneumonia (associated with Influenza and staphylococcus), but due 
to advances in the field of antibacterial therapies, the mortality rate 
was higher from primary influenza associated pneumonia rather than 
in synergy with secondary bacterial infections [22,38]. Similar to the 
other infective parts of the world, in India the pandemic was relatively 
mild with few complications like pneumonia, bronchopneumonia, 
streptococci and staphylococcus isolation from sputum, gastrointestinal 
symptoms etc. [37]. Due to less severity and low mortality rates, the 
control measures ascertain the use of vaccines and antibiotics in 
the case of secondary bacterial infections (pneumonia), rather than 
more costly non-pharmaceutical interventions [39]. The vaccines 
were developed against the circulating virus but were made available 
only when the pandemic had peaked indicating towards the lack of 
progress in healthcare strategies from 1957 Asian flu pandemic [40].

2009 H1N1 Pandemic 
The H1N1/09 virus commonly known as swine flu, emerged 

in April 2009 with Mexico being the epicenter and was declared as 
the first global pandemic of 21st century on 11 June 2009 by WHO 
[3,6,8]. Swine flu is believed to be the fourth generation descendant of 
Swine flu that was first described in 1918 and emerged from the triple 
re-assortment between human, swine and avian influenza A virus 
to form the H1N1/09 pandemic strain [3,6,31]. After the pandemic 
declaration, national pandemic preparedness plans were put in 
motion globally, which included the use of antiviral therapy, disease 
alleviation and treatment [41]. The virus spread at unprecedented 
speed across the world with the mortality estimates of 575,000. Similar 
to the previous pandemics of 20th century, the swine flu exhibited 
the wave pattern of dissemination, which varied geographically. For 
example in North America, the pandemic had a two-wave behavior 
with the peaks being observed during spring-summer and fall [42]. In 
India however three wave patterns was observed, with peaks during 
September 2009, December 2009 and August 2010 [43]. The index 
cases in India were identified from Pune, which soon spread to the 

entire nation [44]. 

The characteristics of Influenza H1N1/09 were similar to the 
seasonal influenza, infected individuals became more prone to 
underlying conditions, which further exacerbated the infection 
and increased the number of cases requiring hospitalization [45]. 
Complications seen in the patients included bacterial and viral 
pneumonia, asthma, lung and heart disease etc. Pneumonia caused by 
secondary bacterial infections and acute respiratory distress syndromes 
were the major cause of serious complications and mortality during 
1918 Spanish flu [21,46]. Bacterial co-infections also played a major 
role in fatal cases of H1N1/09 pandemic with the S. pneumonia being 
most prevalent, followed by S. pyogenes, S. aureus (MRSA), S. mitis, 
H. influenzae being isolated from lung specimen of fatal cases [47]. 
Similarly in India, the severity of pandemic was associated mainly by 
secondary infections, like primary viral pneumonia and secondary 
bacterial pneumonia along with exacerbation of other chronic health 
conditions [48]. Apart from secondary bacterial infections, there 
were reports of viral co-infection leading to further exacerbation of 
the disease. The respiratory viruses like RSV, rhino virus, corona 
virus, metapneumovirus, parainfluenza co-infected the pandemic 
H1N1 cases, increasing the severity of the disease [22]. There was 
a shift in mortality curve, with the younger populations (children, 
young adults and pregnant women), being worst affected because 
the elderly are more likely to contain neutralizing antibodies from 
previous exposure to H1N1 virus [49,50]. 

Since its emergence, H1N1/09 virus was more susceptible to 
antivirals that were neuraminidase inhibitors (oseltamivir, zanamir) 
and resistant to adamantanes (amantadines, rimantadines). The 
antivirals were found to be most effective in patients with severe 
influenza illness and reducing secondary bacterial infections, when 
started within 48 hours of the onset of symptoms [22,50]. In the area of 
limited antiviral availability, the decision to start the antiviral therapy 
was based clinicians judgment, as the patients with mild symptoms 
did not require the antivirals unless they are at the risk of associated 
complications [46]. Clinician also prescribed antibacterial drugs in 
case bacterial co-infection was suspected, taking into account the data 
regarding the frequency of pathogen isolated during the cases of co-
infection [3]. The alternative mode of treatment was vaccines, which 
were developed within 6 months and were the best tools to prevent 
the unforeseen spread of pandemic. Two types of vaccines were 
developed which were approved by FDA, adjuvant and non-adjuvant, 
both of which were safe and immunogenic, hence used widely during 
2009 Pandemic situation. 

The overall response to 2009 pandemic situation displayed 
a significant improvement in the preparedness plans by better 
surveillance schemes to ensure rapid detection and response to 
pandemics [50]. In comparison to previous pandemics, the pandemic 
of the 21st century was dealt with combined use of vaccines and 
antivirals, which undoubtedly reduced the morbidity and mortality. 
The non-pharmaceutical interventions like hand hygiene, isolation of 
symptomatic individuals, played an important role in containment of 
influenza pandemic [51].

Overall, the 2009 pandemic were mild but it caused a major socio-
economic burden, which was more comprehensively documented 
than previous pandemics of last century. Though it reinforced 
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optimism about better preparedness, but the cost-effectiveness of the 
healthcare facilities were still a matter of concern.

Conclusion 
Influenza pandemics are one of the major threats to the world 

because of their high morbidity and mortality. The influenza related 
mortalities are mostly not due to primary viral infection but due 
to secondary viral and bacterial pneumonia. Hence, strategy for 
prevention of future pandemics should give emphasis on the control of 
both bacterial and viral associated community acquired pneumonia. 
Another measure for better preparedness could be easy accessibility 
to antivirals, antibiotics and vaccines, hence priority should be given 
to better infrastructure facilities for rapid production of vaccines, 
stockpiling of antivirals and antibiotics. In addition to this, better 
sanitation and improved nutritional status of the society will go a long 
way in controlling the disease. The mortality surveillance plans would 
be helpful for better understanding of disease burden of influenza, 
the pathogens contributing to the mortality and the most vulnerable 
age group. It shall be helpful in designing more specific preventive 
strategies and thereby reducing the catastrophic effects of influenza.
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Abstract. Predicting influencers is an important task in social network
analysis. Prerequisite for understanding the spreading dynamics in on-
line social networks, it finds applications in product marketing, promo-
tions of innovative ideas, constraining negative information etc.

The proposed prediction method IPRI (Influence scoring using Posi-
tion, Reachability and Interaction) leverages prevailing hierarchy, inter-
action patterns and community structure in the network for identifying
influential actors. The proposal is based on the hypothesis that capac-
ity to influence other social actors is an interplay of three facets of an
actor viz. (i) position in social hierarchy (ii) reach to diverse homophilic
groups in network, and (iii) intensity of interactions with neighbours.
Preliminary comparative performance evaluation of IPRI method against
classical and state-of-the-art methods finds it effective.

Keywords: k-truss · Hierarchy · Topology · Community · Interaction

1 Introduction

Predicting influential spreaders in Online Social Networks (OSNs) is an impor-
tant task because of the critical role they play in dissemination of information.
The task is also crucial for accelerating the spread of positive vibes and blocking
cascade of negative vibes in highly linked contemporary society [1,11].

Early methods for finding influencers in networks were based on classical cen-
trality measures and their variants [2,6,11]. Prediction quality of these methods
leaves much to be desired due to limited view of node attributes they take into
account and network topology they scrutinize. Taking cues from the real-world,
researchers have considered intensity of interactions between individuals for iden-
tifying influential nodes [8,9]. Number of links of an actor in diverse communities
provides a unique vantage point in aiding spread of information. Method pro-
posed in [16] exploits this idea and uses community structure in addition to
weight of links to identify influential nodes. Role of hierarchy in influence spread
is admitted and shown to be effective in [6,12].
c� Springer International Publishing AG 2017
L. Bellatreche and S. Chakravarthy (Eds.): DaWaK 2017, LNCS 10440, pp. 383–390, 2017.
DOI: 10.1007/978-3-319-64283-3 28
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These state-of-the-art methods for finding influencers consider only one facet
of the network at a time, and hence overlook the advantage of interplay of three
facets mentioned above. In this paper, we address the research gap by exploiting
the synergy between community structure, network hierarchy and intensity of
interactions with neighbours for spreading influence, and demonstrate improve-
ment over existing methods for prediction of influencers in OSNs.

1.1 Contributions and Organization

In this paper, we introduce a novel scoring method IPRI (Influence scoring using
Position, Reachability and Interaction) for identifying influencers by capitalizing
on the underlying hierarchy and prevailing homophilic groups in the network.
We highlight the contributions of our work below.

i We perform decomposition of the network using k-truss method to capture
network hierarchy and to approximate homophilic groups instead of using
computationally expensive community detection method (Sect. 3).

ii We capture complex interplay of network hierarchy, prevailing community
structure and interaction patterns to differentiate between spreading ability
of individuals in social networks (Sect. 4).

iii We evaluate the proposed method (IPRI) using three publicly available net-
works and compare results against classical and state-of-the art methods
(Sect. 5).

2 Related Work

We briefly describe recent approaches that use network topology for identifying
influential spreaders in OSNs.

Kitsak et al. have demonstrated that influential spreaders are located in the top
hierarchical level of the network where levels are identified using k-core decom-
position method [6]. Researchers have extended k-core method to identify bet-
ter spreaders by incorporating neighbourhood coreness [3] and considering 2-step
neighbourhood [10]. Approaches using k-core decomposition are inadequate for
fine-grained differentiation since they assign same rank to multiple nodes.

Rossi et al. [12] further refine the set of influential nodes by using k-truss
decomposition method to consider position in hierarchy for detecting influen-
tial spreaders. It is also shown in [6,13] that influential nodes are not always
part of bigger neighbourhood. However, these works do not utilize diversity in
neighbourhood contacts to capture node’s influence.

Recently, researchers have shown that diverse groups in OSNs affect spread-
ing capability of individuals. Extended Pagerank algorithm for finding influ-
encers incorporates broadness of user’s inter-community links to capture diver-
sity of neighbours [16]. However, importance of each identified community is not
used in capturing influential spreaders. Liu et al. [9] proposed Trust-Oriented
Social Influencers method based on social relationships, trust and similarity pref-
erences between individuals using meta-data.

sharanjitkaur@andc.du.ac.in
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The proposed method IPRI overcomes limitations of existing methods by
incorporating network hierarchy, community structure, and intensity of interac-
tions to discover influential spreaders.

3 Preliminaries

In this section we present the formal notation used in the paper, and briefly
describe k-truss decomposition method.

We represent an online social network (OSN) as simple, undirected, unsigned,
edge-weighted graph G = (V, E, W ) - a triplet formed by (i) finite set of ver-
tices/nodes V , (ii) set of edges E ∈ V × V , and (iii) an edge weight matrix
W : V × V → R≥0. Here V models individuals, and |V | (= n) denotes number
of individuals in network. Edge eij ∈ E models link between individuals vi and
vj (vi, vj ∈ V ), and |E| (= m) denotes number of edges. Weight wij (in W ) of
edge eij quantifies the extent of interaction between vi and vj . Degree di of vi

is the number of edges incident on it.
Concept of k-truss of graph G was proposed by Cohen [5] as a method to

hierarchically decompose G into dense subgraphs with specific properties. We
briefly explain k-truss decomposition method and related terminology here.

Definition 1. A maximal subgraph, Gk = (Vk, Ek, Wk) of G = (V, E,W ),
induced by set Vk ⊆ V and Ek = {eij |eij ∈ Vk × Vk} is a k-truss, iff each
edge in Gk is reinforced by at least (k-2) pairs of edges making a triangle with
that edge.

Informally, a k-truss is a maximal subgraph, in which every edge participates
in at least (k − 2) closed triads. The decomposition method produces a nested
hierarchy of subgraphs where subgraphs at higher levels represent denser regions
of G. Based on decomposition, definition of trussness of an edge, adapted from
[14], is given below.

Definition 2. Trussness tij of eij ∈ E has value k, iff eij ∈ Gk ∧ eij /∈ Gk+1.

The naive k-truss algorithm iteratively removes those edges from G which are
not part of (k − 2) triangles, until no more edges can be deleted. All the leftover
edges in the reduced graph are part of minimum (k − 2) triangles and hence,
form a k-truss. We use an elegant in-memory k-truss decomposition algorithm
proposed by Wang et al. [15]. This algorithm has time complexity O(m1.5) and
space complexity O(m + n), making the algorithm scalable.

4 Influence Scoring Using Position, Reachability
and Interaction

The proposed influence scoring method (IPRI) hypothesises that a node at high
position in hierarchy, with strong ties and connectivity to large number of com-
munities has high spreading power. The proposed influence scoring method is
detailed in following sections.
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4.1 Trussness Based Hierarchical Decomposition

Use of k-truss decomposition method layers out G in hierarchy, thereby exhibit-
ing demarcation among levels in network hierarchy. Trussness tij of edge eij

indicates number of common neighbours of endpoints of the edge. We define
below the trussness τi of a node vi ∈ V .

Definition 3. The trussness τi of node vi ∈ V is the maximum trussness of
edges incident on it, i.e. τi = max

j
(tij).

Fig. 1. k-truss decomposition of a toy network with 14 nodes and 28 edges. Vertices
and edges with same trussness bear the same colour. Edges are labelled with their
trussness. (Color figure online)

High value of trussness indicates occurrence of node in locally dense region
of G. Nodes with same trussness actualize a tightly knit group and approximate
a homophilic group binding individuals with similar connection patterns. As
an example, we show hierarchical structure of homophilic groups obtained by k-
truss decomposition of a toy network. Figure 1 shows nodes and edges with same
trussness marked with same colour. All 5 nodes coloured green share similar
characteristics of being a member of at least 3 triangular associations.

4.2 Positional Index

Network hierarchy reveals positional information of nodes in network. Trussness
of a node obtained by hierarchical decomposition of the network proxies for its
position. Higher level is indicative of larger neighbourhood span that aids wider
spread of information.

Definition 4. Positional Index of node vi in G is equal to its trussness τi.

sharanjitkaur@andc.du.ac.in

Page No. 12

Page No. 12



Leveraging Hierarchy and Community Structure for Determining Influencers 387

4.3 Reachability Index

Each truss level in G represents a tightly-knit homophilic group and hence can
be approximated as a community. A node having connections with more truss
levels has higher reachability in terms of information propagation, compared to
a node having connections with fewer truss levels [13,16].

We quantify a node’s reach to diverse communities as the entropy of the
trussness of its neighbours. Entropy is maximum when all neighbours have dis-
tinct trussness and minimum when all neighbours have same trussness. Let Ni be
the neighbour set of node vi. We define the probability of an arbitrary neighbour
of vi having trussness k as

pi(k) =

�
vj∈Ni

I(τj = k)

|Ni|
(1)

where I is an indicator function. The reachability index ρi of node vi quantifies
its accessibility to different communities and is formally defined below.

Definition 5. The reachability index ρi of vi is computed as

ρi =
−

M�
k=2

pi(k) log2 pi(k)

log2 M (2)

where M indicates the number of hierarchical levels in G. We normalize the
entropy to ensure 0 ≤ ρi ≤ 1.

4.4 Interaction Index

It is accepted that a node with high degree centrality may not necessarily be effi-
cient in spreading information/influence [6]. Interestingly, propagation of infor-
mation is governed not only by the strength of interaction with neighbours
(wij , ∀vj ∈ Ni), but also by the strength of interaction with 2-steps neighbours
(wjk, ∀vj ∈ Ni ∧ vk ∈ Nj). This 2-steps neighbourhood of node vi is sufficient
for spreading its influence globally [10]. Based on this observation, we use local
structure of a node’s neighbourhood to determine its ability to spread its influ-
ence. The strength ωj of node vj is computed as ωj =

�
vq∈Nj

wjq. The interaction

index μi of node vi is formally defined below.

Definition 6. The interaction index μi of vi is the sum of strength of neighbours
scaled by their respective positional index and is computed as

μi =
�

vj∈Ni

ωj ∗ τj (3)
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4.5 Influence Score

Influence score which indicates the ability of an individual to spread information
is a real-valued function Ψ : V → R+. It is the aggregation of positional index,
reachability index and interaction index of a node using a multiplicative function.

Ψ = τ ∗ ρ ∗ μ (4)

The score is indicative of the power to influence other users in the network.
Higher the score, more is the influence it exerts on others.

5 Experimental Analysis

The proposed IPRI method is implemented1 in Python (32 bits, v 2.7.3) and
is executed on Intel Core i5-3201M CPU @2.50 GHz with 8GB RAM, running
UBUNTU 12.04. Preliminary experiment study is designed to answer the fol-
lowing questions:

– Do influential spreaders predicted by IPRI spread information more widely
compared to other measures in simulation tests conducted using SIR epidemic
model? (Sect. 5.1)

– Is ranking delivered by IPRI effective in terms of fine grained discrimination?
(Sect. 5.2)

5.1 Investigation Using SIR Model

Following previous similar works [3,6,8,12], we perform comparative evalua-
tion of IPRI using SIR epidemic model [4]. SIR model is an artificial stochastic
epidemic model in which nodes can be in one of three states: Susceptible (S),
Infected (I), or Recovered (R). A small number of nodes are infected initially. At
each time step, infected nodes infect their neighbours with probability β (infec-
tion rate) and recover with probability γ (recovery rate). Spreading process
ceases when no more nodes can be infected. Spreading ability (SA) of the initial
set of infected nodes is quantified as the percentage of nodes infected during
spreading process.

We report comparison results using three large real-worlds networks [7] shown
in Table 1, along with network features. We compare IPRI with a classical
measure - degree centrality (DC) and three recent influencer prediction measures -
k-core (KC), k-truss (KT), Trust-Oriented Social Influencers (TOSI). Follow-
ing [6], we set γ = 0.8 and β as 1/λ1, where λ1 is the largest eigenvalue of the
adjacency matrix of the network.

For each compared measure, top 20% nodes are taken as initial spreaders and
100 simulations of SIR model are run to capture the average spreading ability
(SA) of top-rankers. Figure 2a shows average SA for each measure for three
networks. It is clear from the figure that spreading ability of IPRI is higher
than competing methods for CollegeMsg and WikiVote networks. For Epinions
network it is marginally better.
1 Python code for implemented measures is available on GitHub.
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Table 1. Structural properties of networks. k - Average degree, kmax- Maximum
degree, gcc - Global clustering coefficient, L - Number of truss levels, β - Infection
rate (as in [6]).

Network n m k kmax gcc L β

CollegeMsg 1899 59835 63.02 1546 0.05 6 0.0026

WikiVote 7115 103689 29.15 1167 0.12 22 0.0067

Epinions 75879 508837 13.41 3079 0.06 32 0.004

(a) Spreading ability averaged over
hundred runs

(b) Monotonicity of ranks

Fig. 2. Results of experimental evaluation of IPRI.

5.2 Monotonicity

In order to capture the uniqueness in ranks assigned by various measures, we
quantify fraction of ties in ranks using monotonicity measure defined in [3].
Let R be the vector of ranks assigned to n vertices of G by a measure, then
monotonicity M(R) of ranks is defined as below:

M(R) =

�
1 −

�
r

nr(nr − 1)

n(n − 1)

�2

(5)

where nr is the number of ties with rank r. If there are no ties in R, monotonicity
is 1, and if all ranks are same, then monotonicity is 0. Figure 2b shows monotonic-
ity of all predictive measures on three datasets. It is clearly visible that the pro-
posed method IPRI and comparative measure TOSI are equally good for fine
grained discrimination between spreading power of nodes. However, compara-
tively low spreading ability of TOSI top-rankers (Sect. 5.1) establishes IPRI as
relatively better predictor of influencers.

6 Conclusion

The proposed influence scoring method (IPRI) uses position of the actor in
network hierarchy, intensity of his interactions with neighbours and extent of

sharanjitkaur@andc.du.ac.in
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his connectivity in different communities to predict influential spreaders. Use of
k-truss method confers dual advantage of revealing hierarchy and homophilic
groups (approximate communities) in the network, making computation effi-
cient. Preliminary experimentation with publicly available real social networks
establishes effectiveness of IPRI scores in terms of wider spread of information
and fine grained discrimination as compared to classical and state-of-the-art
influencer detection methods.
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Protozoa: Ciliophora (Ciliates)
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Ravi Toteja3, Renu Gupta4

Abstract
Ciliates are one of the important members in the eukaryotic microbial community. 
In order to better understand the distribution pattern of freshwater ciliates in 
India, a comprehensive literature review was done and compiled the current 
status of ciliates diversity in India. Altogether 106 species of ciliates belonging to 
58 genera and 36 families are described from the fresh water ecosystems of India 
so far. Majority of the species reported from India belongs to family Oxytrichidae. 
It is concluded that extensive research should be made to assess the seamless 
diversity of this less studied microbes. 

Key words: Protozoa, Ciliates, Freshwater

Introduction
Protozoans (ciliates and flagellates) are the main components of the “microbial 
loop”, which is a distinct and important element of the trophic food web in aquatic 
ecosystems (Azam et al., 1983). Free living ciliates are an important intermediate 
link between primary producers and higher trophic levels in every estuarine and 
marine ecosystem (Zingell et al., 2007). They prey on autotrophic and heterotrophic 
pico and nano plankton and are preyed upon by larger zooplankton and contribute 
to the remineralization and cycling of nutrients (Blomqvist et al., 2001; Ventela et 
al., 2002). 

The role of ciliates as an important component of the microbial loop in 
freshwaters is widely recognized (Wiackowsi et al., 2001). Ciliates are a significant 
trophic link in energy transfer from heterotrophic (bacteria) and autotrophic 
picoplankton to the higher consumers (Zingell et al., 2007) and play a significant role 
in energy transfer and nutrient remineralization in aquatic environments (Cleven 
& Weisse, 2001). Ciliates are an essential food source for rotifers, cladocerans and 
copepods (Jack and Gilbert, 1997) and some fish larvae, for example the guppy 
(Poecilia reticulata) larvae, can use ciliates as food in their early life stages (Lair 
et al., 1994). The importance of the microbial loop is greater in oligotrophic than 
eutrophic lakes, although, Weisse et al., (1998) demonstrated that almost 50% of 
carbon passed through the microbial loop in ameso-eutrophic lake.

Page No. 28

Page No. 28



38

Purushothaman et al.

Many protozoan species can be considered as a highly valuable bioindicators 
in water quality analysis due to rapid growth, high turnover rates and short 
generation times which allow protozoan communities to respond quickly to 
changing environmental conditions (Berger et al., 1997). Ciliates are important for 
the water industry because they can accelerate the process of water clarification by 
consuming bacteria, and their identification and quantification permit to rapidly 
assess the water quality (Curds & Cockburn, 1970; Al-Shahwani & Horan, 1991; 
Curds, 1992; Silva & Silva-Neto, 2001).

Ciliates are also used as bio indicators in rivers, lakes and waste waters. 
Foissner & Berger (1996) listed 300 ciliate species which can be used as bio 
indicators. Occurrence of the ciliate, Metopus sp. in any water body indicates 
the presence of hydrogen sulphide (Bick, 1972). Presence of this species and its 
associated ciliates belonging to the genera Caenomorpha, Epalxella, Pelodinium 
and Sprodinium in putrefying sludge are the indicators of the self purification 
process which has been stopped due to lack of oxygen and presence of high 
concentration of H2S. Many species of ciliated protozoa are used as indicators 
for ecological monitoring of water quality and they can also be used in ecological 
studies of aquatic habitats in which mosquitos and other vectors and intermediate 
hosts of disease organisms are breeding (Bick, 1972).

The number of papers on freshwater ciliates has increased recently (Pace, 
1982; Macek et al., 1996; Weisse & Müller, 1998; Kalinowska, 2000, 2004; Mieczan, 
2007). In both freshwater and marine ecosystems significant vertical gradients of 
protozoan diversity exist, these apparently being influenced by the distribution of 
their prey, and physical and chemical variables (Ventelä et al., 1998, Thouvenot et 
al., 1999, Jacquet et al., 2005). Several investigators suggest that ciliate abundance 
and biomass reach maximum values in the epi- and metalimnion, with the lowest 
in the hypolimnion. In the epilimnion the oligotrich Strombidium viride frequently 
occurs, whereas in the meta- and hypolimnion the oligotrichs are gradually 
replaced by scuticociliates (Beaver & Crisman, 1990; Zingel, 2005). Zingel & Ott 
(2000) observed a positive significant correlation between ciliate numbers and 
chlorophyll a and bacterial densities in strongly stratified temperate lakes. 

The importance of ciliate communities to the overall productivity of freshwater 
ecosystems has been well documented (Sorockin, 1972; Schonborn, 1977, 1982; 
Baldock et al., 1983; Madoni, 1987a). Increasing attention is now being focused 
on planktonic and benthic microfauna of lakes (Madoni, 1989, 1990;Laybourn-
Parry et al., 1990a, b), reservoirs (Barbieri & Godinho Orlandi, 1989; Simek et al., 
1999), and rivers (Baldock & Sleigh, 1988; Blatterer & Foissner, 1990; Grolière et 
al., 1990); however, studies on distribution and ecology of ciliates living in ponds 
covered by floating macrophytes are still few (Legner, 1964; Madoni & Viaroli, 
1985).

Historical Resume 
Ehrenberg (1838) and Dujardin (1841) initiated the work on ciliates. After them 
an exceptional contribution was made by Kent (1882) in his book named “Manual 
of Infusoria’’.
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Hundreds of species have since been discovered and described by experts from 
different parts of the world. Foissner (1977-2013) has made significant studies 
on the taxonomy and ecobiology of ciliates from different parts of the world. The 
pelagic ciliate communities from 58 north German lakes were described and 
compared at species level by Pfitser et al., (2002), about 140 ciliate species were 
identified and quantified in all investigated lakes.

Freshwater protozoa in Thailand were investigated in different provinces 
of northern, eastern, northeastern and southern parts of Thailand from 1982 till 
1999. The total of 166 genera and 259 species found were identified as 36 genera 
and 72 species of Phytomastigophora, 9 genera and 11 species of Zoomastigophora, 
23 genera and 38 species of Sarcodina, 2 genera and 2 species of Labyrinthomorpha 
and 95 genera and 134 species of Ciliophora (Charubun & Charubun, 2000). Ciliate 
diversity was investigated in situ in freshwater ecosystems of Antarctic (Victoria 
Land, 751S), and the High Arctic (Svalbard, 791N). In total, 334 speciesfrom 117 
genera were identified in both Polar Regions (Petz et al., 1995). The most detailed 
studies of Turkish inland waters were performed by Şenler et al., (1998), Şenler 
and Yıldız, (1998, 1999, 2004) who worked especially on rivers, small ponds and 
sewage treatment plants and by Çapar, (1997, 2005, 2007a, b) on free living pond 
and wetland ciliates. 

India, with 2.4% of the world’s area, has over 8% of the world’s total 
biodiversity, making it one of the 12 mega diversity countries in the world. Despite 
this richness, the data concerning ciliate diversity from India is rather scarce. First 
report of protozoa from India is made from freshwater by Grant (1842) which is an 
unpublished work Cantor (1842). Since then, considerable work on protozoa from 
this environs has been done by Ghosh, (1818-1929), Nair and his co-workers (1960-
1974) and Das, (1971) from West Bengal, Bhatia and Mallick, (1930) from Kashmir 
and Mahajan, (1969, 1971, 1977) from Rajasthan. Earlier works on freshwater 
inhabiting ciliates are available in the Ciliophora volume in the Fauna of British 
India series, written by Bhatia, (1936). 

The record of Ciliophora known from India, Myanmar and Sri Lanka included 
274 species belonging to101genera (Bhatia, 1936).Ghosh, (1918-1929) published 
a series of papers reporting 29 species of free-living ciliates and one species of 
testacid rhizopod from Kolkata and its nearby localities. Mahajan and Nair (1965) 
published the occurrence of 19 species of free-living ciliates from Kolkata and its 
vicinity. Mukherjee and Das (2000) recorded 5 species of ciliates from Renuka 
wetland which is a Ramsar site in Himachal Pradesh. Shaikh et al., (2012) recorded 
7 species of protozoan ciliates from Salim AliLake, Aurangabad, India. 61 species 
of ciliates under 37 genera belonging to 31 families and 12 orders were reported 
by Bindu L, (2010).

In West Bengal, in all 152 species of ciliates, belonging to 2 classes, 16 orders, 
52 families and 75 genera have been recorded by several investigators since 1840s 
(Das et al., 1993; Piyali and Das, 1997). Ghosh (1918-29) in a series of papers 
recorded 29 species of ciliates from Kolkata, while Mahajan and Nair (1965), Das 
(1971), Das et al., (1993) and Piyali and Das (1997) reported a considerable number 
of species from different freshwater ecosystems of Kolkata. Although Kolkata 
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metropolis abounds with innumerable freshwater wetlands and even though several 
water bodies were surveyed from different parts of this mega city, the diversity 
and distribution of ciliates suggests that purposeful wetland specific surveys have 
not been conducted year round. Simmons (1889, 1891) recorded ciliates belonging 
to 12 genera from Calcutta, without giving any specific identification of the forms. 
Nair (1960) reported one new record of a ciliate from Sibpur (Howrah District). 
Mahajan & Nair (1971) reported 19 species of freshwater ciliates from Kolkata and 
its surrounding areas. Bindu L (2010) reported 23 species of free-living freshwater 
ciliates from Kolkata wetlands including Rabindra Sarovar, a National Lake, and 
an important freshwater wetland in Kolkata.

Photomicrographs of Spirotrich ciliates, a-c Euplotes aediculatus, d-f Aspidisca 
sp., g-i Aponotohymena sp., j-l Paraurostyla coronate, m-o Pseudourostyla cristata, 

p-r Oxytricha granulifera, showing live cell (a, d, g, h, m & p), after protargol 
impregnation (b, e, h, k, n & q) and after Feulgen staining (c, f, i, l, o & r).
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The University of Delhi have been involved in the morphological and molecular 
taxonomy of ciliates from freshwater bodies namely, Okhla Bird Sanctuary, 
Sanjay Lake, Pond at Rajghat in Delhi region. Sripoorna et al., 2015 studied 
the diversity of freshwater Spirotrich ciliate fauna from Okhla Bird Sanctuary, 
Delhi. They reported total of 12 species belonging to 10 different genera. From 
the Delhi region few Spirotrich freshwater ciliate species have been characterized 
and reported till date, namely, Stylonychia ammermanni (Gupta, R., et al., 2001), 
Pleurotricha curdsi (Gupta, R., et al., 2003), Rubrioxytricha indica (Naqvi, I., et 
al., 2006), Architricha indica nov. gen., Histriculus histrio (Gupta et al., 2006), 
Coniculostomum bimarginata (Kamra, K., 1994), Notohymena limus, (Naqvi, 
I., 2016), Oxytricha granulifera, Aponotohymena sp., Paraurostyla coronata, 
Gastrostyla sp., Tetmemena sp., Laurentiella sp., Euplotes aediculatus, Aspidisca, 
Pseudourostyla cristata and Urostyla sp. (Somasundaram et al., 2015).

At molecular level, total 8 nucleotide sequences of the freshwater ciliates have 
been sequenced and submitted in Genbank database. 18S rRNA gene of Tetmemena 
sp. (Acc. No. KP336401), Aponotohymena sp. (Acc no. KP336402), Gastrostyla sp. 
(Acc. No.   KT780432), Pseudourostyla cristata (Acc. No. KT731104), Oxytricha 
granulifera (Acc. No. KU715983), Paraurostyla coronata (Acc. No.  KU715982), 
ITS (internal transcribed spacer) (Acc. No. KT731103) and histone (H4) gene (Acc. 
No. KU761846) of Tetmemena sp. have been sequenced.

A new species of free living ciliated protozoa, Oxytricha susheelum was 
recorded from fresh water in Aurangabad by Deshmukh et al., 2012. Ahamed & 
Sharma (2009) reported a total of seventeen species of ciliates from different pond 
localities of Lucknow city. A study on some free living protozoan from Salim Ali 
lake Aurangabad was done by Shaikh et al., (2012), in which 7 species of ciliates 
have been recorded.

Methodology
Collection of ciliates is a two step process; collection from field site and transporting 
them to laboratory, examination and fixation. 2 litres of freshwater sample is 
filtered through 20 micron plankton net and the sample is collected in a plastic 
bottle. Sample should be collected from the bottom/surface/banks/submerged 
slops of water body. Samples should be fixed immediately to avoid loss of cell. 
The sample can be fixed in Lugol’s iodine. After Lugol’s fixation samples can be 
stored in cool dark place. Ciliate abundance can be obtained by settling the fixed 
samples in settling chamber and examining them under an inverted microscope 
(Hasle, 1978). Lugols is a relatively harmless and versatile fixation method, which 
is recommended for routine sampling of ciliates. Iodine not only enhances the 
sinking of cells but also stain them dark brown in colour. Lugol’s fixed material 
can be processed in several ways: SEM (Montagnes & Taylor, 1994), DAPI, 
Protargol staining (Montagnes & Lynn 1993). Staining is an important process 
in ciliate study. Inverted microscopes are commonly used to quantify and identify 
ciliates and other microplankton in plankton samples. There are two types of 
staining; temporary and permanent staining. In temporary staining we can use 
Acetocarmine and 1% Methyl green in acetic acid as stain. Permanent staining 
method include three steps; adherence, fixation and staining. This will be done 
according to the standardised protocol (Foissner, 2007). Florescent dyes (DAPI) 
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can also be used as a diagnostic feature in ciliate study. SEM photograph of ciliates 
will be taken for further identification of species. 

Diversity
It is estimated that 85% of the ciliate diversity is still to be described. A total of 
8,000 ciliate morphospecies are described of which about 200 are fossil tintinnids 
and 2,600 are commensals and about 5,200 are true free-living species Corliss, 
(2000a). About 400 new species have been described till date by Song and Wang 
1999; Foissner et al., 2002; Foissner 2006. So in total there are about 5,600 
described free-living ciliate species. Combining classical and modern methods, a 
few researchers have discovered hundreds of new ciliate morphospecies during 
the past 15 years, suggesting that most ciliate diversity is still unknown (Foissner 
1993a, b; Petz et al., 1995; Song and Wang, 1999; Foissner and Xu, 2006). The 
ciliates species which are distributed in the fresh water ecosystems of India is 
represented in the Table.1. A total of 106 species of ciliates belonging to 58 genera 
and 36 families are described from the fresh water ecosystems of India. 

Table 1. List of ciliate species described from the fresh water ecosystems of India

Phylum  CILIOPHORA

Class Family Genus Species Name of the species

Armophorea Metopidae 1 4

Metopus es  Muller 1776
Metopus minor  var. Minor Kahl 1927
Metopus nasutus Cunha 1915
Metopus spiralis Smith 1897

Colpodea
Colepidae 1 4

Colpoda cucullus Müller, 1786
Colpoda aspera Kahl
Colpoda maupasi Enriques, 1908
Colpoda steinii Maupas 1883

Cryptolophosididae 1 1
Opisthostomatella bengalensis Ghosh 
1928

Heterotrichea Blepahrismidae 1 1
Blepharisma intermedium Bhandary 
1962

Caenomorphidae 1 1 Caenomorpha medusula Perty 1852

Stentoridae 1 1 Stentor roeseli Ehrenberg 1835

Karyolectiae Loxodidae 1 3
Loxodes magnus Stokes 1887
Loxodess triatus(Engelmann 1862)
Loxodes vorax Stokes 1885

Litostomatea Tracheliidae 3 5

Dileptus monilatus (Stokes, 1886) 
Kahl, 1931
Dileptus gigas (Claparède & 
Lachmann, 1859)
Pseudomonili caryonanser(Müller, 
1773) Vďačný& Foissner, 2012
Trachelius gutta Cohn 1866
Trachelius ovum (Ehrenberg, 1831) 
Ehrenberg, 1838

Page No. 33

Page No. 33



43

Protozoa: Ciliophora (Ciliates)

Phylum  CILIOPHORA

Class Family Genus Species Name of the species

Amphiletidae 4 10

Litonotus fasciola (Ehrenberg)
Litonotus infusionus Ghosh, 1920
Litonotus procera Penard 1922
Litonotus obtusa
Acineria incurvata Dujardin 1841
Hemiophrys procera Penard 1922
Hemiophrys bivacuolata Kahl 1931
Loxophyllum nimeccense (Stein, 
1859)
Loxophyllum levigatum Sauerbrey, 
1928
Loxophyllum undulatum Sauerbrey, 
1928

Mesodiniidae 1 1
Mesodinium pulex (Claparède & 
Lachmann, 1859) Stein, 1867

Actinobolinidae 1 1
Actinobolina radians(Stein, 1867) 
Strand, 1928

Enchylidae 3 6

Lacrymaria olorMüller, 1776
Lacrymaria lagenula Claparede 
&Lachmann, 1858
Lacrymaria vermicularis (Müller, 
1786) Bory, 1824
Trachelophyllum vastitum  Stokes 
1884
Phialina minima (Kahl, 1927) 
Foissner, Agatha & Berger, 2002
Phialina pupula Müller, 1773

Spathidiidae 2 4

Bryophyllum spathidiodes Gelei, 
1933
Spathidium moniliforme Bhatia, 
1920
Spathidium muscicola Kahl 1930
Spathidiumspathula

Nassophorea Nasulidae 3 3

Nassula ornata Ehrenberg 1833
Orthodonella banerjeei Ghosh, 1921
Pseudomicrothoraxagilis Mermod 
1914

Orthodoneliidae 1 1
Chilodontopsis bengalensis (Ghosh, 
1921)

Leptopharyngidae 2 3

Leptopharynx chlorophagus Das, 
1971
Leptopharynx torpens (Kahl, 1931)
Pseudomicrothorax dubius (Maupas, 
1883) Penard, 1922

Microthoracidae 2 4

Drepanomonas dentate Fressenius 
1858
Drepanomonas hooghlyensis Nair 
&Das 1974
Drepanomonas revolute Penard, 1922
Opisthostomum bengalensis Ghosh 
1928
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Phylum  CILIOPHORA

Class Family Genus Species Name of the species

Oligohymenophora Epistylidae 1 1 Epistlylis niagaraKellicott 1883

Glaucomidae 1 1
Glaucoma pyriformis Ehrenberg 
1838

Neobursaridiidae 1 1 Neobursaridium gigas Balech 1941

Paramecidae 1 2

Paramecium bursaria (Ehrenberg, 
1831) Ehrenberg, 1836
Paramecium caudatum Ehrenberg, 
1833

Vaginicoloidae 3 3

Platycola decumbens (Ehrenberg, 
1830) Kent, 1882
Pyxicola affinis Kent, 1881
Vaginicola crystallina Ehrenberg, 
1830

Pleuronematidae 1 1 Pleuronema crassumDujardin, 1841

Phyllopharyngea Chilodonellidae 1 3

Chilodonella cucullus (Muller, 1883)
Chilodonella uncinata (Ehrenberg, 
1838)
Chilodonella spiralidentis (Bhatia & 
Mallik, 1930)

Acinetidae 1 1 Tokophrya lemnarum Stein 1932

Plagiopylea Plagiopylidae 1 1 Plagiopyla nasuta Stein, 1860

Prostomatea Colepidae 1 5

Coleps octospinus Nolan, 1925
Colep selongatus (Ehrenberg, 1830) 
Diesing, 1866
Coleps inermis Perty 1852
Coleps devdaniensis Mahajan, 1971
Coleps hirtus (Muller 1786)

Prorodontidae 1 4

Prorodon edentates Claparede 
&Lachmann 1858
Prorodon discolor (Ehrenberg, 1835)
Prorodon teres Ehrenberg, 1838
Prorodon stewarti Ghosh, 1928

Holophryidae 1 3
Holophrya bengalensis Ghosh, 1919
Holophrya annandalei Ghosh, 1919
Holophrya simplex Schewiakoff, 1889

Urotrichidae 1 1 Urotricha globosa Schewiakoff, 1889

Leptopharyngidae 1 1
Pseudoprorodon lieberkuhni Butschli, 
1889

Spirotrichea Euplotidae 1 2
Euplotes patella (0. F. Muller) 
Ehrenberg
Euplotes aediculatus Pierson, 1943

Aspidiscidae 1 1 Aspidisca sp. Ehrenberg, 1830
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Phylum  CILIOPHORA

Class Family Genus Species Name of the species

Halteriidae 1 1 Halteriagrandinella (Muller, 1773)

Oxytrichidae 8 14

Oxytricha susheelum Deshmukh  
et al., 2012
Stylonchia mytilus Müller, 1773
Oxytricha granulifera Foissner and 
Adam, 1983
Aponotohymena sp. Foissner, 2016
Paraurostyla coronata Arora et al., 
1999
Gastrostyla sp. Engelmann, 1862
Tetmemena sp. Eigner, 1999
Laurentiella sp. Dragesco and Njiné, 
1971

Stylonychia ammermanni, Gupta 
et al., 2001
Pleurotricha curdsi Shi et al., 2002
Rubrioxytricha indica Naqvi et al., 
2006
Architricha indica Gupta et al., 2006
Histriculus histrio  Müller, 1773
Coniculostomum bimarginata Kamra 
et al., 1994
Notohymena limus Naqvi et al., 2016

Pseudourostylidae 1 1 Pseudourostyla cristata Jerka-
Dziadosz, 1964

Urostylidae 1 1 Urostyla sp. Ehrenberg, 1830

Total 58 106

Classification
The phylum Ciliophora is composed of two sub phylum: Postciliodesmatophora and 
Intramacronucleata, with, 11 classes and 19 subclasses. Postciliodesmatophora 
consist of two classes; Karyorelictea and Heterotrichea. Intramacronucleata 
consists of 9 classes and 19 subclasses. The classes coming under Sub phylum 
Intramacronucleata are Spirotrichea, Armophorea, Litostomatea, Phyllopharyngea, 
Nassophorea, Colpodea, Prostomatea, Plagiopylea and Oligohymenophorea. Class 
Spirotrichea consists of 7 subclasses; Protocruziidia, Phacodiniidia, Hypotrichia, 
Oligotrichea, Choreotrichia, Stichotrichia, Licnophoria. Class Litostomatea 
consists of 2 sub classes; Haptoria and Trichostomatia. Class Phyllopharyngea 
has 4 sub classes; Crytophoria, Rhynchodia, Chonotrichia, Suctoria. Class 
Oligohymenophorea consists of 6 sub classes; Peniculia, Scuticociliata, 
Hymenostomatia, Apostomatia, Peritrichia and Astomatia.

The sub phylum Postciliodesmatophora represents 61 genera (+8 genus 
incertae sedis) belonging to 2 class, 4 order and 13 families. The sub phylum 
Intramacronucleata represents 1119 genera belonging to 9 class, 19 sub classes, 
52 order and 264 families. 
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Fig : Systematic scheme for the phylum Ciliophora

Source: http://www.nature.com/articles/srep24874/figures/3

Distribution
The ciliophorans coming under the phylum Ciliophora are universally distributed 
in water bodies like freshwater ponds, streams and rivers and some species 
occur in wet soils and mosses. These free-living ciliates play an important role 
in the aquatic ecosystem and form an important component of the environment 
monitoring surveillance and these aquatic animalcules occupy an important 
position in the aquatic food chain. The role of ciliates as an important component 
of the microbial loop in freshwaters is widely recognized (Wiackowsi et al., 2001).

Endemism
Ciliates are distributed globally in various habitats where they act as an important 
trophic link in variety of food webs (Adl, 2003). Ciliates exhibit lesser endemism 
and are considered ubiquitous and cosmopolitan in distribution. Some species show 
limited geographic distribution and low dispersal abilities. For example, the large 
tropical peniculine Neobursaridium gigas, a flagship tropical freshwater species, 
was described over 60 years ago in Africa and yet it has only been recorded from 
the Southern hemisphere (Foissner, 1999c). 

Habitat
Many ciliates are associated with the surfaces of solid subjects, such as rocks, 
some species of algae, or some submerged substrates. Characteristic species, 
they are permanently attached forms are mainly peritrichs (eg. Vorticella,the 
colonial Zoothamnium, and the loricate Cothurnia). Folliculinid ciliates are 
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brightly coloured ciliates, which build an ampulla shaped loricae. The suctorians 
are carnivorous and feed on the motile ciliates of the habitat. In microaerophilic 
environments such as the layers of decaying leaf litter and detritus layers, harbours 
the species Loxodes, and also large heterotrich ciliates belonging to the genera 
Spirostomum and Blepharisma. A true anaerobic fauna of ciliates also occurs in 
freshwater sediments, mainly represented by the genera Metopus, Caenomorpha, 
Plagiopyla and also the representatives of odontostomatids.

Dysterid ciliates feeding on cyanobacteria and filamentous bacteria same 
as that found in  hypotrich ciliates such as Euplotes, Aspidisca, Holosticha, etc. 
Amphileptids ciliates are dominant carnivores and some of them are specialised 
to prey on the zooids of peritrich ciliates.The naked oligotrichs include Halteria 
and species of Strombidium among which S. viride contains Zoochlorellae. 
Hecky and Kling, (1981) found that in Lake Tanganyika the biomass of S. Viride 
equalled the phytoplankton biomass and they may play a substantial role as a 
primary producer. Among the fresh water pelagic ciliates, species of Frontonia 
and Euplotes are common, but which are not typically pelagic forms. Ciliates also 
show high diversity on feeding large food particles. Species of Nassula specialise 
on feeding filamentous Cyanobaceteria, whereas species of Frontonia and various 
prostomatids specialise on feeding larger food particles such as dinoflagellates and 
diatoms. The bacteriovorous ciliates are mainly the scuticociliates (Cyclidium, 
Uronema) and also some stalked but unattached peritrichs. The ciliate predators 
consists of prostomatids, such as Didinium, Coleps, Acaryophyra, and Actinobolina 
and pleurostomatids, such as Paradileptus and Trachelius. 

Gap in Research
The vast majority of microbial eukaryotic organisms are undescribed and unknown 
in India. In the current scenario, the diversity of these small organisms are much 
less well understood than that of larger organisms. There is a fundamental need 
to document the taxonomic composition of fresh water ciliate diversity through 
systematic biodiversity surveys of representative fresh water habitats, since these 
microbial eukaryotic communities very much influence the health of the freshwater 
ecosystem.  This will give a comprehensive data to generate diversity estimates of 
different fresh water habitat types and biogeographic maps for relatively common 
species of freshwater. This information is critical to manage and conserve the 
functional properties of freshwater ecosystems for the long term, particularly in 
areas that are vulnerable to human activities. 
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Abstract 

Actinomycetes secrete various types of extracellular enzymes which have numerous 

applications in industry and agriculture. Traditional industrial microbiology has merged with 

molecular biology to yield improved recombinant processes for the industrial production of 

proteins, biopharmaceuticals and industrial enzymes. In a previous study, actinomycetes were 

isolated from diverse ecological habitats and screened for their ability to produce extracellular 

enzymes. Based on the results of primary and secondary screening, colonies 194 (Dumping 

site soil, Sarai Kale Khan Delhi), 51l (Agricultural soil, Dhanaura, U.P) and 157 (Agricultural 

soil, Dhanaura, U.P.) showed maximum cellulase activity; colonies 169 (Sugar plant soil, 
Dhanaura, U.P.), 126 (Lake soil, Purana Quila, Delhi) and 202 (Chemical plant soil, Faridabad, 

Haryana) showed maximum xylanase activity; colonies 130 (Chemical plant soil, Faridabad, 

Haryana), 194 (Dumping site soil, Sarai Kale Khan, Deihi) and 184 (Sugar plant soil, 

Dhanaura, U.P.) showed maximum chitinase activity and colonies 165 (Agricultural soil, 

Kashipur, Uttarakhand), 122 (Agricultural soil, Nainital, Uttarakhand) and 242 (Great 

Himalayan National park soil, Teerthan Valley) showed maximum phosphatase activity. The 

highest xylanase and chitinase producers, colonies 169 and 130 were further analysed to 

determine the type of protein and its 3D structure. In the present study, two tests (Biochemical 

and Morphological) of polyphasic characterization of above strains was done. Spore chains of 

colonies 51, 157, 122 and 126 were of Retinaculiaperti type, colonies 130, 184, 202 and 242 

possessed Spirales type of spore chains and in colonies 165, 169 and 194 Rectiflexibles type 

of spore chain was observed. Biochemical studies were performed to check the metabolic status 

of strains. Colony 169 was found efficient in utilizing L-arabinose, D-fructose, L-arabinose 

and degrading urea, casein, tween, hypoxanthine. Similarly, colony 130 was found efficient in 

utilizing D-mannitol, meso-inositol, D-fructose and degrading urea and hypoxanthine. From 

the results of biochemical and morphological tests it was concluded that the strains from 

different ecological habitats belongs to genus Streptomyces. 

Keywords: Actinomycetes, Extracellular enzymes, Primary and secondary screening, Protein 

type and structures, Spore chain morphology, Biochemical studies 
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Abstract 

Actinobacteria are major producers of important biomolecules, accounting for 70-80% of 

secondary metabolites available commercially. Its various genera are known for production of 

different classes of antibiotics. Microbial pathogens however, are developing resistance to 

existing antibiotics. There is an urgent inevitability to discover and develop new therapeutic 

compounds with unique modes of action. Polyketides and non-ribosomal peptides produced by 
this group of bacteria represent a large group of antibiotics. Biosynthesis of non-ribosomal 

peptides and polyketides takes place from acyl-coenzymeA monomers and amino acid building 

blocks. Biosynthesis of NRPs takes place by large multimodular proteins, in which each 

enzymatic module catalyse one step of elongation and modification of the growing polypeptide 

chain. In the current study, actinomycetes strains representing various ecological habitats were 

selected and revived. These strains have been screened in a previous study for production of 

antibiotics. The morphological, biochemical and 16S rRNA gene studies of these strains is done 

in this study. In the morphological studies, spore chain observations showed presence of hooks, 

loops, spirales with one and two tums (Retinaculiaperti) in strains RI.24, S.4A, S43, SL4 and 

51. In case of strains B.69 and RI.30 straight to flexous (Rectiflexibles) spore chains were 

observed. The strains L3.41, L3.46 and strain 196 showed spiral type spore chains. Biochemical 

studies were performed to check the metabolic status of the strains, the results of which depicts 

the activity shown by strains in utilizing different sugars and organic compounds by the 

production of different metabolic enzymes. Comparison of 16S rRNA gene sequences of strains 

with sequences of close Streptomyces sp. deposited in EzTaxon database indicated that these 

150lates belong to genus Streptomyces. Rooted phylogenetic tress based on neighbor joining 

method, prepared separately for strains indicated that these were included in distinct clades in 

their respective trees. 

Key words: Actinomycetes, PKS and NRPS, rRNA, Biochemical studies 
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Study of Particulate Matter Pollution in Different Modes of Public 

Transport in New Delhi, India 
Charu Khosla Gupta, Medha Jha, Manohar S. Bisht and Arijit Chowdhuri

Acharya Narendra Dev College (University of Delhi), New Delhi 

Email: arijitchowdhuri@andc.du.ac.in 

Literature reports indicate that air pollution is a global problem that influences human 

health and well being, food production, climate, visibility to the greatest extent while 

degrading the ecosystem.  Around 7 million people die annually from exposure to fine 

and ultra fine particulate matter (PM) which are known to penetrate deep into lungs and 

cardiovascular system causing diseases like eye irritation, skin problems, stroke, heart 

ailments, lung cancer, Chronic Obstructive Pulmonary Diseases (COPD) besides other 

quality air that exceeds prescribed WHO guidelines and situation is worse in developing 

countries. Since transportation constitutes an integral part of daily life hence exposure to 

PM during the same is expected to greatly influence human health. In the current 

investigation real-time monitoring of ambient PM [both large >2.5µg/m3 and small (0.5- 

2.5µg/m3)] concentrations in different modes of public transport viz. Delhi Metro, AC 

bus, non-AC bus, Gramin sewa and walking) were studied. For PM measurement a true 

LASER particle counter based air quality monitor (DYLOS  1700, USA) with automatic 

data acquisition facility was used. Spatial and temporal variation of coarse and fine PM 

concentration levels within different modes of transport catering to population belonging 

to different economic strata, were measured and the amount of exposure in 1  hour 

(typical travelling time) studied. Observed values of fine PM concentrations (0.5 - 

2.5µg/m3) in different modes of transport indicate, alarmingly high values that sometimes 

are noted to be 5 to 12 times the prescribed limits set by NAAQS and WHO respectively. 

The current investigation assumes importance because it can be used for development of 

standardized methods for PM sensing including targeted research, advanced monitoring 

strategies and inter-comparisons. Also, the study can potentially be used for projecting the 

nature and magnitude of PM pollution in affected cities of India while developing 

strategies to mitigate the same. 

Key words: Air Quality Monitoring, Particulate Matter, Public Transport, Human Health
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Gauging the Comprehension about Environmental Awareness, 
Conservation and Sustainability Amongst Primary, Secondary and 
Undergraduate Students for Precisely Defining Exposure Response 

Relationships of Pollution on Health. 

Arijit Chowdhuri, Sakshi Saraswat, and Charu Khosla Gupta 
Acharya Narendra Dev College (University of Delhi), Kalkaji, New Delhi  110019, INDIA 

Email: charukhoslagupta@andc.du.ac.in 

Worldwide anthropogenic activities have led to degradation of environment in multitude 
of ways and this has in turn precipitated climate change. Unplanned urbanization and 
industrialization has impacted the quality of breathable air, quality of potable water and 
contamination of food through contaminants like chemical, nuclear, radioactive, gaseous 
and particulate matter etc. Rapid urbanization has its own pitfalls and which has led to 
unplanned development, deforestation, habitat destruction, depletion of water table due to 
construction etc. to name a few. Literature indicates fraction of the global burden of 
disease attributable to environment is 22% (WHO, 2016). Available statistics shockingly 
list 14 Indian cities amongst the list of 20 most polluted cities of the World in terms of 
fine Particulate Matter (PM2.5). For mitigation of the same and alleviate related adverse 
health effects, there is an immediate need for targeted research, projecting the nature and 
magnitude of pollution and assessment of exposure response relationships. Since the 
chasm of environmental pollution is exceedingly quite large between developing and 
developed countries a need was felt to gauge the level of environmental education 
amongst the citizens of tomorrow. In the current investigation a survey on Environmental 
Awareness amongst the students pursuing primary, secondary and undergraduate levels of 
study respectively was carried out addressing basic issues associated with environment - 
awareness, conservation and sustainability. The survey was conducted with 100 people 
revealing disappointing results. Today, when our future relies on sustainability; only 25 % 
people were completely aware of the term and could relate its concept with environment. 
It was saddening to realize that only 2 % students related themselves to environment or 
saw themselves as a part of it. Thus it has become a need of the hour to start stressing on 
Environmental Education more than ever before and make it a crucial part of our 
curriculums at both schools and colleges. 

Key words: Environmental Education, Awareness, Sustainability, Mitigation 
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Foreword

Information and Communication Technology (ICT) has influenced our 
life in a great way. ICT has literally made inroads into almost all major 
disciplines across science, social sciences, languages, arts and medicine, 
etc. It has the potential to create newer avenues for employment, help us 
communicate and collaborate better, learn, and understand the nature 
and phenomena as well as improve our skills and standards of living. 
Policymakers across the globe today agree with the potential of ICT in the 
teaching-learning process and recommend ICT to be a part of school and 
teacher education curriculum.

Rapid advancements in Information and Communication Technology 
(ICT) have created unprecedented opportunities in the field of education 
and school education in particular. Mastering ICT skills and utilising 
ICT is of utmost importance for teachers and learners for creating a new 
learning culture.

ICT is stated to have motivational power. It enables students to enjoy 
learning as an active participant, such as by bringing the outside world 
into the classroom or by enhancing one‑to‑one, one-to-many and many-to-
many interaction, among peers, teachers, experts and others. Furthermore, 
ICT has also helped the students in learning new skills, such as searching 
and locating appropriate information, making informed choices, 
learning to recognise the authenticity of sources and collaborating with  
other learners.

Today, we are living in an interconnected world where ICT-based 
applications influence the way we learn, communicate, commute or 
even socialise. Developments in the twenty‑first century skills, such 
as communication, creative and critical thinking, problem solving, 
collaborative learning, etc., are essential at the school level. ICT plays a 
key role in developing these skills.

This book aims to introduce the world of ICT and its applications. It will 
help students to learn, prepare, present and communicate their thoughts, 
ideas and content through various digital formats, i.e., text, image, audio 
and video, etc.

The book will also help students to understand the potential of Internet 
as well as the safety and security issues related to it, and the ways in which 
one can safeguard themselves against malicious activities and incidents 
happening in the cyber world. 
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	 As an organisation committed to systemic reform and continuous 
improvement in the quality of its products, NCERT welcomes comments 
and suggestions from all the stakeholders, which will enable us to revise 
the content of the textbook. 

� Hrushikesh Senapaty

� Director
New Delhi� National Council of Educational 
March, 2018� Research and Training
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Preface

It is well accepted that Information and Communication Technology (ICT) 
has an immense potential to impact learning. Also understanding the 
basics of ICT and mastering the skills is essential and must be regarded 
as a core part of education, along with reading, writing and numeracy. 
The recent efforts of the Government of India (GoI) seeks to deepen the use 
of ICT in almost every sphere of life. The Digital India Campaign (2015) 
strives to transform India into a digitally empowered society and knowledge 
economy by focussing on three vision areas — Digital Infrastructure as Core 
Utility to Every Citizen, e-Governance and Service on Demand and Digital 
Literacy and Empowerment of Citizens. The three cardinal principals of the 
draft New National Education Policy (2016) viz., access, equity and quality 
could be served well by harnessing the huge potential of ICT. The National 
Curriculum Framework (2005) recommends to recognise that given the 
space, time and freedom, children generate new knowledge by engaging 
with the information passed on to them by adults. The curricula for ICT in 
education lays an emphasis on empowering the students in a way so that 
they may get an access to a variety of resources, learn to critically appraise 
information and resources, and make safe, productive, ethical and legal 
use of resources.

The Present Class IX Textbook of ICT takes into account goals of the 
New Education Policy, the recommendations of National Curriculum 
Framework (2005), the Curricula for ICT in Education and visions of Digital 
India Campaign (2015). This textbook is an attempt to foster creativity, 
problem solving and to introduce students to the world of Information 
and Communication Technology (ICT), which may also shape their future 
career pursuits.

The textbook contains eight chapters under four learning strands 
viz. 'Connecting with the World', 'Connecting with Each Other', 'Creating 
with ICT' and 'Interacting with ICT'. It has been carefully designed with 
meticulous efforts of the Textbook Development Team comprising School 
teachers, subject experts, academicians and technical experts from 
government, non-government and private entities. Some of the members 
worked at the advisory level while others contributed towards the actual 
development activity as core team members and members of the textbook 
development committee. It is hoped that the students will appreciate 
the immense potential of ICT and will be encouraged to explore and 
learn further. The textbook writing team has tried to bring a conceptual 
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coherence. The pedagogy and the use of easily understandable language 
are at the core of the efforts without sacrificing the technical aspects of  
the subject.

This book has some features which are earnestly expected to enhance 
its usefulness for the students and teachers. The book contains nine 
Quick Response (QR) codes linked to relevant digital resources (text, audio, 
video, and interactive content, etc.). The first QR code is to access the 
complete digital textbook. The subsequent QR codes will help to access the 
relevant digital resources linked to each chapter. There are some questions 
which require critical thinking which would make students think about  
real-time applications of ICT. The textbook also includes a large number 
of examples in order to clarify the concept and to relate these concepts to 
everyday real‑life situations. The inside box in the chapters are introduced 
to highlight the special features of the concepts covered, which require 
additional attention of the students.

Completion this book has only been possible due to the continuous 
support of many professionals and experts. We express our gratitude to 
Director, NCERT, for entrusting us with the task of developing this textbook 
as part of a national effort for improving school education.

The draft received excellent academic inputs from students, experts 
and other practitioners who sincerely suggested improvement during the 
development of this book. We are thankful to all those who provided these 
inputs to CIET, NCERT. We are also thankful to the all the members of 
development and review workshops, language editors and to team DIKSHA 
for rendering technical support for developing QR codes.

We welcome suggestions and comments from our valued users, 
specially students and teachers. We wish our young readers of Class IX 
have an exciting and enjoyable engagement with the world of ICT.

� Amarendra  Behera

� Joint Director
� Central Institute of Educational Technology
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SYNTHESIS OF SILVER NANOPARTICLES USING TERMINALIA BELLERICA: 
PHYSICOCHEMICAL CHARACTERIZATION AND THEIR ANTI-BIOFILM EVALUATION 
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INTRODUCTION
Synthesis of metallic nanoparticles is a momentous area of
research in modern material science. Various research
groups across the world are synthesizing these nanoparticles
for their antibacterial, optical, catalytic and magnetic
properties along with their use in targeted drug delivery in
model organisms. Silver nanoparticles have attained a
special focus because they show many applications in several
fields like diagnosis, antimicrobials, catalysis and
microelectronics. Many methods have been reported for the
synthesis of silver nanoparticles. In the present study, green
synthesis of silver nanoparticles was carried out using the
stem extract of Terminalia bellerica.

OBJECTIVES
✓Green synthesis of silver nanoparticles by using stem extract of
Terminalia bellerica

✓ Physico-chemical characterisation of synthesised silver
nanoparticles

✓Determination of catalytic activity of synthesised silver
nanoparticles

✓ Anti-biofilm activity of silver nanoparticles

APPLICATIONS

Antioxidant

Antitumor

Antimicrobial
Metal

Nanoparticles

Biosenser

Gene delivery

METHODOLOGY

Stem of plant Terminalia bellerica
converted into fine powder

Aqueous stem extract was prepared by heating for 4hrs and
thoroughly filtered (No turbidity)

AgNO3 solution was added to the
aqueous plant extract and heated for 3hrs

Pellet was collected after centrifugation and washing
followed by lyophilisation to get dry powder

Characterisation of silver nanoparticles by UV-Vis
spectrophotometry, Dynamic Light Scattering and Zeta
potential measurement

Catalytic activity and antibiofilm
evaluation of silver nanoparticles
were evaluated

OBSERVATIONS

Change in colour of reaction mixture 
after 15 minutes

+AgNO3

solution

Fig 3: UV-Vis spectra : 
Absorbance peak of  0.376 was 
observed at 459 nm

Fig 6: Catalytic Activity of silver nanoparticles with p-nitrophenol in
presence of NaBH4

DISCUSSION
The silver nanoparticles were made by using Silver nitrate and
aq. Stem extract of Terminalia bellerica and presence of silver
nanoparticles were confirmed by colour change from light to
dark and also from UV-Vis spectrophotometry, the
characterised maximum absorption of 0.376 was shown by
silver nanoparticles at 459nm wavelenth which confirmed their
presence. AgNPs shows average size of 142.7 dnm. To measure
the stability of AgNPs zeta potential was measured. Zeta
potential was found to be -21.01 mv which confirms their high
stability. The stem extract of plant contained reducing and
capping agents which reduces silver ions from AgNO3 into
stable silver nanoparticles. It was found that AgNPs have
catalytic property as NaBH4 reduces p-nitrophenol into p-
aminophenol significantly in the presence of AgNPs. Silver
nanoparticles also screened for antibiofilm activity against
Escherichia coli and Staphylococcus aureus. Silver nanoparticles
shows significant bacterial growth inhibition by inhibiting
biofilm formation.

REFERENCES
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Fig 5 : Zeta potential of AgNps (DLS)
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Fig 7: Antibiofilm assay on silver nanoparticles depicts (A) Control 1: Gram positive
bacteria forms biofilm on microtitre plate wall (B) Control 2: Gram negative
bacteria forms biofilm on the same substrate while in (C) Test : No biofilm
formation was found on microtiter plate prior coated with silver nanoparticles.

ANTIBACTERIAL AND ANTI-
BIOFILM ACTIVITY 

Biofilms are multimicrobial communities enclosed in self-
synthetized polymeric matrices, attached to biotic or
abiotic surfaces. Biofilms are ubiquitous and nearly all
species of microorganisms, bacteria, fungi, yeasts, algae,
protozoa, and viruses are able to adhere to surfaces
and/or to each other to form biofilms. Quorum sensing
(QS) is a bacterial cell-cell communication process that
involves the production, detection, and response to
extracellular signaling molecules called autoinducers.
Silver known for it promising effects against clinical
pathogens either performing bactericidal or
bacteriostatic effects. Herbal synthesized silver
nanoparticles screened for different bacteria
(Pseudomonas auruginosa, Staphylococcus aureus) and
antibiofilm activity was evaluated using bacterial strains
(Escherichia coli, Staphylococcus aureus).

Fig 8: Biofilm formation by microbes
Image adapted from http://ib.bioninja.com.au

Biofilm Biofilm

No biofilm

AgNPs Zeta potential 
(mv)

1 -26.90
2 -20.59
3 -15.53

Mean -21.01
Standard  
deviation

±5.69

FUTURE DIRECTIONS
Work is under progress to perform further
characterisation of AgNPs like TEM, FE-SEM, FT-IR, XRD
and various biological activities like antimicrobial assay ,
catalytic activity with azo dyes. Undoubtedly, it is
necessary to conduct further research on the toxicity of
silver nanoparticles in relation to living organisms.
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Magnetic Graphene Oxide for Adsorption of Organic Dyes 
from Aqueous Solution  
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Polymer Research laboratory, Acharya Narendra Dev College, University of Delhi, Govindpuri Kalka ji, New  
Delhi-110019, India 

*Corresponding author: Email:sunitahooda@andc.du.ac.in 

Abstract: Graphene oxide (GO), a 2-D carbon nanomaterial, large surface area, oxygen-containing groups (like: 
hydroxyl, epoxy and carboxyl) and excellent water dispersibility due to it is good adsorbent dye removal from pollutant 
water1. But it’s difficult to separate GO from water after adsorption. Therefore, Iron oxide was introduced in Graphene 
oxide by decorating method to make separation more efficient2. We present herein a one step process to prepare Magnetic 
Graphene oxide (MGO). The Fourier transform infrared spectrometer (FT-IR), X-ray diffraction (XRD) and Raman 
Spectroscopy characterized the chemical structure of the MGO composite. The adsorption of dyes onto MGO was 
studied in relation to initial concentration of Dyes, contact time, adsorbent dose, temperature and pH value of solution. 
We have studied adsorption capacity of different dyes (Methylene blue and crystal violet) by MGO.  

        Keywords: Graphene oxide, Iron oxide, methylene blue, crystal violet and Adsorption. 

INTRODUCTION 

The contaminants (dyes, heavy metals etc.) in water are growing rapidly due to the lack of knowledge about their 
effect on living species these contaminate effecting our life slowly but regularly. Therefore, we need a technology 
that can reduce effect of these contaminants. So many technologies are being used, adsorption technology is one of 
the growing technologies because it can be used in large scale and it is cost effective. For maximum adsorption a 
material should contain maximum oxide group, there are so many adsorbent materials available in the market. The 
new era going to start in the field of electronics, bio-sensing, gas-sensing, optics, water purification, mechanical, 
catalyst, and drug delivery agent etc., 3due to the world first 2-D material (Graphene) has arrived. Graphene is a one 
atom thick, single sheet of carbon atom arranged in honeycomb structure. Its sister materials are also gaining 
tremendous interest of researchers in the above applications. Graphene oxide, oxidized form of Graphene is a unique 
2-D material which has different types of oxide groups (-OH,-C-O-C-, C=O and –COOH) available on its basal 
plane4, therefore GO is very suitable for adsorption of contaminants. But for maximum use of adsorbent material 
recyclability should be high. The recyclability of GO is low to overcome this drawback in GO, magnetic 
nanoparticles comes in the role1. In this paper we have synthesized MGO by co-precipitations method 2and two dyes 
(methylene blue and crystal violet) were used for adsorption for different temperature, pH, contact time and 
concentration of dosage.   

EXPERIMENTAL SECTION 

Materials: All the chemicals used e.g. Graphite, methylene blue Sulfuric acid, KMnO4, sodium nitrate, and 
hydrogen peroxide were all of analytical grade. 

Graphene oxide preparation: Graphene oxide (GO) will be prepared from graphite powder by a Hummer’s 
method. In this method Graphite (1 g), sodium nitrate (NaNO3, 0.50 g) and concentrated sulfuric acid (H2SO4, 23 
ml) added into a 500 ml flask kept at 5˚C in an ice bath under continuous stirring for 5 min. Then, potassium 
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permanganate (KMnO4, 3 g)  was slowly added into the flask to prevent strong reaction at local points. The reaction 
mixture was then  maintained at 5˚C for 2 h and then the reaction temperature was slowly raised to 35˚C and kept 
for another 30 min with vigorous stirring. Deionized water (46 ml) was added to the suspension and as consequence 
of the hydration heat the temperature increased to 98˚C. The bath was kept at this temperature for 30 min with 
stirring. The reaction was then finished by adding deionized water (140 ml) and hydrogen peroxide (10% v/v, 10 
ml). The resulting product has a brown yellowish color and was separated by vacuum filtration from the solution. 
The resulting GO powders were washed 5 times with diluted HCl (5%, 200 ml) solution and warm (70˚C) deionized 
water to remove the remnant Mn ions and acid respectively and later dried in air at 60˚C into an oven by 12 hours.5  

Preparation of M/GO Composite: FeCl3 solution (1 M, 2 ml) and FeCl2·4H2O solution (0.5 M, 2 ml) were 
added in a flask, and the mixture was stirred at room temperature for 20 min to dissolve the iron salt. After that GO 
was added, the mixture was stirred for another 20 min. Subsequently, 20 mL of ammonia solution was added and 
black MGO was formed immediately.1 

Dye Adsorption: 50ml of dye solution was shaken with 5mg MGO on shaker with 150 rpm at room 
temperature. pH value of dye solution adjusted by 0.1M NaOH or 0.1M HCl using pH meter. After this, adsorbent 
was separated using strong permanent magnet from dye solution. Dye concentration calculated by UV-vis 
spectrophotometer. The percent removal of dye solution by MGO was calculated using this formula:     
 

 
Where Co and  Ce  referred as initial and equilibrium concentration of dye solution respectively. 

Characterizations: In FTIR spectra of MGO peak  appeared at 566cm-1, which corresponds to the stretching 
mode of Fe−O.6The peaks at 1207.95, 1374.25, and 1720 cm-1 correspond to C−O−C stretching vibrations, the 
C−O−H deformation vibrations, and the C=O stretching vibrations of the −COOH groups, respectively.7 The broad 
and intense band observed at 3365.04cm-1 can be ascribed to the stretching vibrations of –OH and at 1529.86 cm-1 
corresponds to aromatic skeletal C=C stretching vibrations8.In the Raman Spectroscopy of MGO, the peaks at 
278,504 and 936 cm-1which corresponds to Fe3O49. We are getting signature peak of GO, D peak (1348cm-1) , 
which relates to defects and G peak (1603cm-1) which contributes to carbon-carbon stretching (SP2 hybridization).  
For the XRD pattern of pure Fe3O4, the peaks of 30.22°, 35.66°, 43.23°, 53.70°,58.45° and 62.78°corresponded to 
(220), (311), (400), (422), (511), and (440) planes.10   The FTIR, Raman and XRD spectra of synthesized composite 
are shown in Fig. 1.   
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FIGURE 1: Showing FTIR (A) , Raman (B) and (C) XRD of MGO . 
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RESULTS AND DISCUSSION

The adsorption percentage of MB (4ppm) and CV (4ppm) at different temperatures, contact times, dose of 
composite of MGO and pH was studied in detail as shown in Fig.2. The maximum adsorption was observed at 328 
K for both the dyes and calculated percentage adsorption was 100% for MB and 85.25% for CV. In the contact time 
analysis, exponential increase was found for both dyes up to 35 min. of contact time after that constant adsorption, 
(88.6% for CV) and (96.34% for MB) was observed. The MGO dose was found to be 5mg for both dyes and 
percentage adsorptions were 96.34% for MB and 85.65% for CV. At last, pH analysis shows maximum adsorption 
at pH-6 and percentage adsorptions were 82.92 % for MB and 78.65% for CV. The adsorption capacity for MB is 
114.45 mg/g and for CV 82.94 mg/g, the concentration of MB and CV were 4 mM. Adsorption depends on oxide 
groups present in the GO. The oxide group depends on synthetic process used for GO preparation.  In our 
synthesized magnetic GO we are getting higher adsorption for MB then the reported one1. Chang et al1 had reported 
the adsorption of  85.64mg/g MB dye at concentration of dye 4mM but in this article the adsorption of  114.45mg/g 
was observed.

FIGURE 2: showing Percentage adsorption at different temperature(a), Dose of composition (b), pH(c), and contact time(d).(e) 
Removal efficiency of  MGO adsorbent in six successive cycles of desorption-adsorption compared with the original adsorption 

capacity, (f & g) before and after adsorption of MB and CV respectively. Blue color indicates to MB and Dark brown to CV. 

CONCLUSION

The M-GO composite has been synthesized by co-precipitation method, related characterizations conforms the 
formation of composite. Percentage adsorption of MB and CV were checked at different temperatures, contact time, 
pH and dose of adsorbent. Maximum adsorption capacity for MB is 114.45 mg/g and for CV it is 82.94 mg/g.
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ABSTRACT: This work is mainly focused on the synthesis of an
efficient and reusable heterogeneous Au/NiAlTi layered double
hydroxide (LDH) nanocatalyst and its applications in the preparation
of biologically important xanthene, 1,4-dihydropyridine, polyhydroquino-
line, and 4H-pyran derivatives. NiAlTi LDH was designed hydro-
thermally and then gold was supported over the surface of LDH by using
ion-exchange and NaBH4 reduction methods. The synthesized nano-
catalyst was physicochemically characterized by X-ray diffractrometry,
Fourier-transform infrared spectroscopy, thermogravimetric analysis,
scanning electron microscopy, and transmission electron microscopy
(TEM). The TEM images confirmed the support of gold nanoparticles
over the surface of LDH with a size distribution of 7−9 nm. The well-
characterized nanocatalyst was tested for the synthesis of biologically
important xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-
pyran derivatives. The advantages obtained were excellent yields in a lesser reaction time. Stability and reusability were also accessed;
the catalyst was stable even after five cycles. High catalytic efficiency, easy fabrication, and recycling ability of Au/NiAlTi LDH make
it a potential catalyst for the synthesis of xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-pyran derivatives.

1. INTRODUCTION

Xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-
pyran derivatives are famous structural architectures found in
many synthetic drugs, biologically active natural products, and
essential units for chemical intermediates.1 Therefore, many
methods have been reported for their catalytic synthesis with
different advantages. Still, each of them offers various
limitations such as hazardous and long catalyst preparation,
harsh conditions, extended workup, and toxic and expensive
solvents and reagents. Therefore, the fabrication of novel
heterogeneous catalysts for such catalytic synthesis to replace
toxic, polluting, and conventional catalysts has attracted the
attention of many researchers because of their easy recovery,
selectivity, reusability, enhanced reactivity, and convenient
product isolation.2

Nanocatalysts have gained ample attention for various such
transformations but suffer from disadvantages such as
reusability and recovery. Therefore, designing heterogeneous
nanocatalysts could be a better alternative as they can be
separated easily by centrifugation or filtration methods and
reused after catalyst washing.3 Layered double hydroxides
(LDHs), also named hydrotalcite-like compounds, are a
branch of clay minerals having positively charged octahedral-
type brucite-like sheets intercalated with anionic charges and
H2O molecules.4,5 Because of their properties of high surface

area and anion-exchange capacities, LDHs have emerged as
eco-friendly materials in the fields of catalysis, drug carriers,
adsorption, anion exchange, and precursors for magnetic
materials.4−9 As LDHs can be synthesized by economic and
simple routes, they have gained considerable attraction in the
field of catalytic synthesis of organic compounds.
To date, many metal nanoparticles and metal ions such as

copper, cobalt, ruthenium, and palladium have been used
catalytically for various reactions such as oxidation of alcohols
and so forth. For the last few decades, gold catalysts have
attracted attention because of their higher catalytic proper-
ties.10 One of the essential applications of Au nanoparticles in
organic synthesis is alcohol oxidation.11 Nanocomposites
fabricated by supporting Au on a support system (LDHs)
could generate an active catalyst for various organic trans-
formations with a greater efficiency.
Herein, we have fabricated a new nanocomposite material by

supporting gold nanoparticles over hydrothermally generated
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ternary NiAlTi LDH.5 This nanocomposite was used for the
first time as a nanocatalyst for the synthesis of xanthene, 1,4-
dihydropyridine, polyhydroquinoline, and 4H-pyran deriva-
tives.

2. RESULTS AND DISCUSSION
2.1. Characterization of NiAlTi LDH and Au/NiAlTi

LDH. Figure 1a illustrates the X-ray diffraction (XRD)

spectrum of hydrothermally generated NiAlTi LDH, which
could be correlated with the previously reported data.4,5 The
characteristic diffraction peaks of (00L) series [(003), (006),
and (009)] detected at 11.43, 22.78, and 39.32°, respectively,
illustrate the formation of the lamellar structure of LDH,
intercalated with water and carbonate ions. The d-spacing for
the (003) plane (0.866 nm) and the (110) plane (0.35 nm)
could be easily linked with the reported Ti-assimilated LDHs.
The TiO2 anatase phase could be confirmed by the (110)
diffraction plane located at 25.17°. The other XRD peaks
illustrating (100), (018), and (113) represent the carbonate-
and water-intercalated LDH material. Figure 1b depicts the
XRD spectrum of Au-supported NiAlTi LDH. The presence of
gold nanoparticles on the surface of NiAlTi LDH was
confirmed by the obtained XRD spectrum. The two diffraction
peaks other than the characteristic peaks of NiAlTi LDH
present at 38.1 and 45.2° confirm the presence of Au
nanoparticles as these peaks could be assigned to the (111)
and (200) standard Braggs reflection planes of crystalline Au
nanoparticles, respectively.12

Figure 2 depicts the Fourier-transform infrared (FTIR)
spectra of NiAlTi LDH and Au/NiAlTi LDH. The FTIR
spectrum of NiAlTi LDH illustrated in Figure 2a consists of a
broad band located at 3406 cm−1 confirming the presence of
intercalated water molecules and the −OH group of brucite
layers. The existence of a shoulder band at 3120 cm−1 could
prove the existence of H-bonding between carbonate ions and
water molecules. Furthermore, an asymmetric band at 1363
cm−1 could confirm the presence of carbonate ions interlayered
within the brucite sheets. When gold was supported over the
surface of NiAlTi LDH, like the XRD spectrum, no changes
were observed in the FTIR spectrum of Au/NiAlTi LDH,
stating the existence of interlayered carbonate ions and water
molecules (Figure 2a).4,5

Furthermore, Figure 3 represents the thermogravimetric
analysis (TGA) of NiAlTi LDH and Au/NiAlTi LDH. The TG

curves of both NiAlTi LDH and Au/NiAlTi LDH show initial
degradation in the range of 50−200 °C, which illustrates the
elimination of water molecules from the interlayers of LDH
and also physisorbed water molecules (in both the cases).
Furthermore, the second degradation observed around 290 °C,
might be attributed to the brucite layers’ concomitant
dehydration. Finally, the third degradation around 400 °C is
due to carbonate anions’ decomposition.4,5

Electron microscopy images are depicted in Figure 4. Figure
4a represents the scanning electron microscopy (SEM) image
of NiAlTi LDH, clearly showing the platelet-like structure of
NiAlTi LDH. The transmission electron microscopy (TEM)
image of NiAlTi LDH, depicted in Figure 4b, confirms the
formation of sheet-like formation in correlation with the
previously reported work.4,5 Figure 4c shows the SEM image of
Au-supported NiAlTi LDH, which confirms that the platelet-
like morphology was not distorted after the Au-supporting
process. Figure 4d displays the TEM image of Au/NiAlTi
LDH, confirming the formation of fringes (0.63 and 0.34 nm),
which were found to be in excellent correlation with d-spacing
obtained from XRD analysis. The support of Au nanoparticles
on the layers of LDH was confirmed by the TEM images of
Au/NiAlTi LDH (Figure 4e). The Au nanoparticles were
slightly distributed at 7−9 nm.

2.2. Catalytic Activity of Au/NiAlTi LDH. 2.2.1. Synthesis
of Xanthene Derivatives by Au/NiAlTi LDH. The catalytic
activity of Au/NiAlTi LDH was estimated for the synthesis of

Figure 1. XRD patterns of (a) NiAlTi LDH and (b) Au/NiAlTi
LDH.

Figure 2. FTIR spectra of (a) NiAlTi LDH and (b) Au/NiAlTi LDH.

Figure 3. TGA spectra of (a) NiAlTi LDH and (b) Au/NiAlTi LDH.
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xanthene derivatives. The optimal conditions were obtained
using 1 mmol of 4-nitrobenzaldehyde and 2 mmol of 5,5-
dimethylcyclohexane-1,3-dione/1,3-cyclohexanedione as the
model reaction for the synthesis of xanthene derivatives.
Variation in various parameters such as the catalyst amount,
temperature, and solvent was evaluated (Table 1). The results

combined in Table 1 state that when the optimization of the
xanthene derivative was carried out in the absence of the
catalyst, without or with ethanol as a solvent, at room
temperature or reflux conditions with ethanol as a solvent, the
obtained xanthene derivative yield was very low. When Au/
NiAlTi LDH was added as a catalyst at room temperature with
ethanol as a solvent, a moderate increase in the yield was
observed, but favorable results were observed under reflux
conditions. Furthermore, the reaction was tested for different
solvents, but none of them responded as a better solvent than
ethanol for this reaction. Finally, the amount of Au/NiAlTi
LDH was optimized. The obtained optimized condition for the
synthesis of xanthene derivatives was the use of 10 mg of Au/
NiAlTi LDH in ethanol under reflux conditions. Furthermore,
the designed gold catalyst was tested for the synthesis of other
xanthene derivatives using different aromatic aldehydes (Table
2). NMR characterization technique was used for confirming
the formation of desired xanthene products. Based on the
NMR results, it might be stated that the product obtained after

crystallization was pure xanthene derivatives without any
aldehyde impurities.
The proposed mechanism for the catalytic xanthene

synthesis consists of a series of consecutive reactions illustrated
in Figure 5. Initially, the carbonyl group of aldehyde gets
activated by Au/NiAlTi LDH, followed by the formation of an
intermediate (A) via the nucleophilic attack between
dimedone and the activated carbonyl group. Furthermore, an
intermediate (B) is formed by the Michael addition of the
second dimedone molecule, resulting in the elimination of
water after intramolecular cyclization. Finally, the desired
xanthene product is obtained.13,14

2.2.2. Synthesis of 1,4- dihydropyridine and Polyhydro-
quinoline Derivatives using Au/NiAlTi LDH. Furthermore, the
catalytic activity of Au/NiAlTi LDH was also tested for the
synthesis of 1,4-dihydropyridine (1,4-DHP) and polyhydro-
quinoline derivatives as a pseudo-four-component reaction.
The optimal conditions were obtained using 1 mmol of 4-
nitrobenzaldehyde, 2 mmol of ethyl acetoacetate, and 1 mmol
of ammonium acetate as the model reaction for the synthesis
of 1-DHP and polyhydroquinoline derivatives. The effects of
various parameters such as the catalyst amount, temperature,
and solvent were evaluated (Table 3). The results combined in
Table 3 were in great correlation with xanthene synthesis. The

Figure 4. (a) SEM image of NiAlTi LDH, (b) HRTEM image of NiAlTi LDH, (c) SEM image of Au/NiAlTi LDH, (d) TEM image of Au/NiAlTi
LDH, (e) TEM image of Au/NiAlTi LDH displaying Au nanoparticle sizes and (f) EDAX spectra of Au/NiAlTi LDH.

Table 1. Optimization of Reaction Conditions for the
Synthesis of Xanthene Derivatives

entry
catalyst and catalyst

amount (mg) solvent
temp
(°C)

time
(min)

yield
(%)

1 rt 240 trace
2 80 240 trace
3 ethanol rt 240 trace
4 ethanol 80 240 10
5 Au/NiAlTi LDH (5) ethanol rt 120 35
6 Au/NiAlTi LDH (5) ethanol 50 90 75
7 Au/NiAlTi LDH (5) ethanol reflux 60 85
8 Au/NiAlTi LDH (5) H2O rt 240 trace
9 Au/NiAlTi LDH (5) H2O reflux 240 trace
10 Au/NiAlTi LDH (5) acetonitrile reflux 120 50
11 Au/NiAlTi LDH (5) chloroform reflux 120 49
12 Au/NiAlTi LDH (10) ethanol reflux 20 92
13 Au/NiAlTi LDH (15) ethanol reflux 20 93
14 NiAlTi LDH (20) ethanol reflux 120 60

Table 2. Synthesis of Xanthene Derivatives

entry R1 aldehyde product
time
(min)

yield
(%)

1 CH3 4-nitrobenzaldehyde 3a 20 92
2 CH3 3-methoxybenzaldehyde 3b 30 85
3 CH3 3-methylbenzaldehyde 3c 30 87
4 CH3 3-chlorobenzaldehyde 3d 30 87
5 CH3 4-cyanobenzaldehyde 3e 20 93
6 H 4-nitrobenzaldehyde 3f 20 90
7 H 3-bromobenzaldehyde 3g 30 87
8 H 3-methylbenzaldehyde 3h 30 86
9 H 4-methyoxybenzaldehyde 3i 30 88
10 H 4-hydroxybenzaldehyde 3j 25 90
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optimization study states that when the optimization was
carried in the absence of the catalyst, without or with ethanol
as a solvent, at room temperature or under reflux conditions
with ethanol as a solvent, the obtained xanthene derivative
yield was meager. Furthermore, when Au/NiAlTi LDH was
added as a catalyst at room temperature with ethanol as a
solvent, a moderate increase in the yield was observed, but
favorable results were observed when the pseudo-four-
component reaction was refluxed.
Also, the reaction was tested for different solvents, but none

of them responded as a better solvent than ethanol for this
reaction. Finally, the amount of Au/NiAlTi LDH was
optimized. The obtained optimized condition for the synthesis
of xanthene derivatives was the use of 10 mg of Au/NiAlTi
LDH in ethanol under reflux conditions. Furthermore, the
designed gold catalyst was tested for the synthesis of other 1,4-
DHP and polyhydroquinoline derivatives using different
aromatic aldehydes (Table 4). The formation of desired pure
1,4-DHP products was confirmed by the NMR technique.
A plausible mechanism comprising a sequence of consec-

utive reactions is depicted in Figure 6. The synthesis of 1,4-

DHP and polyhydroquinoline derivatives follows two pathways
[A] and [B], as illustrated in Figure 6. In route [A], the

Figure 5. Plausible mechanism of xanthene derivative synthesis.

Table 3. Optimization of Reaction Conditions for the
Synthesis of 1,4-DHP and Polyhydroquinoline Derivatives

entry
catalyst and catalyst

amount (mg) solvent
temp
(°C)

time
(min)

yield
(%)

1 Rt 240 trace
2 80 240 trace
3 ethanol rt 240 trace
4 ethanol 80 240 15
5 Au/NiAlTi LDH (5) ethanol rt 120 40
6 Au/NiAlTi LDH (5) ethanol 50 90 78
7 Au/NiAlTi LDH (5) ethanol reflux 60 90
8 Au/NiAlTi LDH (5) H2O rt 240 trace
9 Au/NiAlTi LDH (5) H2O reflux 240 trace
10 Au/NiAlTi LDH (5) acetonitrile reflux 120 52
11 Au/NiAlTi LDH (5) chloroform reflux 120 50
12 Au/NiAlTi LDH (10) ethanol reflux 20 94
13 Au/NiAlTi LDH (15) ethanol reflux 20 94
14 NiAlTi LDH (20) ethanol reflux 120 55

Table 4. Synthesis of 1,4-DHP and Polyhydroquinoline Derivatives

entry 1,3-carbonyl aldehyde product time (min) yield (%)

1 4 4-nitrobenzaldehyde 7a 20 94
2 4 4-methoxybenzaldehyde 7b 30 86
3 4 4-chlorobenzaldehyde 7c 30 88
4 4 4-hydroxybenzaldehyde 7d 30 86
5 4 4-cyanobenzaldehyde 7e 20 92
6 5 4-nitrobenzaldehyde 7f 20 95
7 5 3-bromobenzaldehyde 7g 30 88
8 5 2-methylbenzaldehyde 7h 30 85
9 5 4-dimethylaminobenzaldehyde 7i 30 94
10 5 4-hydroxybenzaldehyde 7j 25 87

Figure 6. Plausible mechanism of 1,4-DHP and polyhydroquinoline
derivative synthesis.
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reaction gets initiated by the acid−base bifunctional LDH
catalyst. The available acidic sites activate the aldehyde via
protonation, whereas the acidic hydrogen of 1,3-dicarbonyl is
simultaneously captured by the Au/NiAlTi LDH catalyst.
These generated electrophiles and nucleophiles react together
to generate a Knoevenagel intermediate [I], which further
undergoes a Michael reaction with the second enolizable 1,3-
dicarbonyl group to generate a second intermediate [II]. The
so-formed second intermediate further reacts with ammonium
acetate to form enamine, which further results in the desired
product after intramolecular cyclization and dehydration
steps.13

2.2.3. Synthesis of 2-Amino-4H-pyran Derivatives by Au/
NiAlTi LDH. The catalytic activity of Au/NiAlTi LDH was also
estimated for the synthesis of 2-amino-4H-pyran derivatives.
The optimal conditions were obtained by using the three-
component reaction between 1 mmol of 4-nitrobenzaldehyde,
1 mmol of dimedone, and 1 mmol of malononitrile. The effects
of different parameters were investigated by the model reaction
and are summarized in Table 5. As stated by the results, the
optimal condition for the synthesis of 2-amino-4H-pyran
derivatives was the use of 10 mg of Au/NiAlTi LDH under

reflux conditions in ethanol. Furthermore, the scope of the
designed gold nanocatalyst was investigated for the other
aldehydes and 1,3-dicarbonyl compounds and the results are
summarized in Table 6. The proposed mechanism for the
catalytic synthesis of 4H-pyran derivatives is illustrated in
Figure 7.
2.2.4. Recyclability of the Au/NiAlTi LDH Catalyst.

Heterogeneous catalysis displays the advantages of easy
separation and recyclability. Therefore, the reusability of the
nanocatalyst was tested with the model reactions. After the
completion of the reaction, Au/NiAlTi LDH was separated by
using the filtration method. The recovered catalyst was washed
with ethyl acetate, normal hexane, and ethanol and further
oven-dried at 50 °C. Furthermore, the recycled nanocatalyst
was employed for four consecutive cycles, and the results are
depicted in Figure 8I. According to the results, no considerable
reduction in the efficiency of Au/NiAlTi LDH was observed.
The comparison of the FTIR spectra of the recycled
nanocatalyst after four consecutive cycles with the fresh
catalyst illustrates that the Au-supported LDH nanocatalyst

does not undergo any structural change after the catalytic
reaction (Figure 8II).
Furthermore, a comparative study of the catalytic efficiency

of Au/NiAlTi LDH with previously reported catalysts is
depicted in Table 7.

3. CONCLUSIONS
In summary, a novel, efficient, and recyclable heterogeneous
nanocatalyst Au/NiAlTi LDH was developed. NiAlTi LDH
was synthesized by using the hydrothermal route and gold
nanoparticles were supported over the surface of the NiAlTi
LDH by using ion-exchange and NaBH4 reduction methods.
The synthesized nanocatalyst was physicochemically charac-
terized by XRD, FTIR spectroscopy, TGA, SEM, and TEM
analyses. The TEM images confirmed the support of gold
nanoparticles over the surface of LDH with a size distribution
of 7−9 nm. This nanocatalyst was found to be an efficient
catalyst for the synthesis of various biologically important
xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-
pyran derivatives under greener solvent conditions with

Table 5. Optimization of Reaction Conditions for the
Synthesis of 2-Amino-4H-pyran Derivatives

entry
catalyst and catalyst

amount (mg) solvent
temp
(°C)

time
(min)

yield
(%)

1 Rt 240 trace
2 80 240 trace
3 ethanol Rt 240 trace
4 ethanol 80 240 17
5 Au/NiAlTi LDH (5) ethanol Rt 120 42
6 Au/NiAlTi LDH (5) ethanol 50 90 75
7 Au/NiAlTi LDH (5) ethanol reflux 60 92
8 Au/NiAlTi LDH (5) H2O Rt 240 trace
9 Au/NiAlTi LDH (5) H2O reflux 240 trace
10 Au/NiAlTi LDH (5) acetonitrile reflux 120 50
11 Au/NiAlTi LDH (5) chloroform reflux 120 41
12 Au/NiAlTi LDH (10) ethanol reflux 20 93
13 Au/NiAlTi LDH (15) ethanol reflux 20 94
14 NiAlTi LDH (20) ethanol reflux 120 65

Table 6. Synthesis of 2-Amino-4H-pyran Derivatives

entry 1,3-carbonyl aldehyde product
time
(min)

yield
(%)

1 4 4-nitrobenzaldehyde 9a 20 93
2 4 4-methoxybenzaldehyde 9b 45 80
3 4 4-chlorobenzaldehyde 9c 30 90
4 4 4-hydroxybenzaldehyde 9d 40 87
5 4 4-cyanobenzaldehyde 9e 20 93
6 5 4-nitrobenzaldehyde 9f 20 94
7 5 3-nitrobenzaldehyde 9g 30 86
8 5 2-methylbenzaldehyde 9h 30 88
9 5 4-methylbenzaldehyde 9i 30 86
10 5 4-hydroxybenzaldehyde 9j 25 88

Figure 7. Plausible mechanism of 2-amino-4H-pyran derivative
synthesis.
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excellent yields. Moreover, the recyclability test indicated that
it can be reused for four consecutive runs without appreciable
loss in catalytic efficiency. This method provides several
advantages, which include simplicity, yield, green solvent
conditions, ambient reaction conditions, faster synthesis,
inexpensive reactants, easy catalyst recovery, and recyclability
of the catalyst.

4. EXPERIMENTAL SECTION

4.1. Materials. All the reagents and materials were acquired
from commercial sources and were used as such without any
further purification. XRD patterns were recorded on a X-ray
diffractometer (model no. D8 DISCOVER). Morphological
studies were evaluated on a TECNAI 200 kV transmission
electron microscope (FEI, Electron Optics). FTIR spectra
were obtained on an IRAffinity-1S FTIR spectrophotometer.
4.2. Preparation of Au/NiAlTi LDH. NiAlTi LDH was

synthesized using a previously reported hydrothermal route.5

2.74 g of Ni(NO3)2·6H2O, 1.77 g of Al(NO3)3·9H2O, 0.3 mL
of TiCl4, and 1.5 g of urea were dissolved in distilled water.
The mixture was aged for 48 h in a hydrothermal autoclave at
150 °C. The material so-obtained was filtered, washed with
deionized water and ethanol, and dried at 60 °C. Furthermore,
the gold was supported on synthesized NiAlTi LDH by using
ion-exchange and NaBH4 reduction methods. For a typical run,
0.025 g of hydrochloroauric acid was dissolved in 80 mL of
water, followed by the addition of 700 mg of LDH, and stirring
overnight. After filtering, washing, and drying, the sample was
transferred to 50 mL of toluene, followed by the addition of
NaBH4. After stirring for 10 min, 15 mL of ethanol was added
and the mixture was stirred for 6 h. Au/NiAlTi LDH with Au

loading was collected by filtration and washed with ethanol and
water.

4.3. General Route for the Synthesis of Xanthene
Derivatives. A mixture of 1 mmol of aldehyde, 2 mmol of 5,5-
dimethylcyclohexane-1,3-dione/1,3-cyclohexanedione, and 10
mg of Au/NiAlTi LDH in 10 mL of ethanol was refluxed for a
suitable time period. The reaction progress was further
monitored by thin-layer chromatography (TLC) with ethyl
acetate/hexane as the eluent. On completion of the reaction,
the catalyst was filtered out and the pure product was obtained
by using the recrystallization method.

4.4. General Route for the Synthesis of 1,4-DHP and
Polyhydroquinoline Derivatives. A mixture of 1 mmol of
aldehyde, 2 mmol of 1,3-dicarbonyl, 1 mmol of ammonium
acetate, and 10 mg of Au/NiAlTi LDH in 10 mL of ethanol
was refluxed for a suitable time period. The reaction progress
was further monitored by TLC with ethyl acetate/hexane as
the eluent. On completion of the reaction, the catalyst was
filtered out and the pure product was obtained by using the
recrystallization method.

4.5. General Route for the Synthesis of 4H-Pyran
Derivatives. A mixture of 1 mmol of aldehyde, 1 mmol of 1,3-
dicarbonyl, 1 mmol of malononitrile, and 10 mg of Au/NiAlTi
LDH in 10 mL of ethanol was refluxed for a suitable time
period. The reaction progress was further monitored by TLC
with ethyl acetate/hexane as the eluent. On completion of the
reaction, the catalyst was filtered out and the pure product was
obtained by using the recrystallization method.

Figure 8. (I) Recyclability of the catalyst and (II) FTIR spectra of (a) fresh Au/NiAlTi LDH and (b) recovered catalyst after five cycles.

Table 7. Comparative Study of Catalytic Efficiency of Au/NiAlTi LDH

entry catalyst and catalyst amount derivative solvent/condition time yield (%) refs

1 Fe3+-montmorillonite, 85 mg xanthene EtOH, 100 °C 6 h 94 15
2 Zr(DP)2, 10 mol % xanthene EtOH/reflux 24 h 98 16
3 SO4

2−/ZrO2, 15 wt % xanthene EtOH/70 °C 8 h 95 17
4 Au/NiAlTi LDH xanthene EtOH/reflux 20 92 this study
5 Al2(SO4)3, 10 mol % 1,4-DHP EtOH/reflux 8 h 92 18
6 La2O3, 10 mol % 1,4-DHP TFE 1−1.5 h 89 19
7 BiBr3, 2 mol % 1,4-DHP EtOH 2 h 86 20
8 Au/NiAlTi LDH 1,4-DHP EtOH/reflux 20 94 this study
9 NH4OAc (1.5 mol) 4H-pyran rt 15 min 59 21
10 SBPPSP (50 mg) 4H-pyran EtOH/H2O (1:1), reflux 20 min 92 22
11 Au/NiAlTi LDH 4H-pyran ethanol, reflux 20 min 93 this study
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