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lead, zinc, copper, and Cd(II) from water and waste
water in-spite of several researchers adopted
various low cost adsorbents for the removal metal
ions from aqueous solution.

Activated carbon adsorption appears to be a
particularly competitive and effective process for
the removal of toxic heavy metals. The adsorption
capacity of an adsorbent is determined by its pore
size, chemical structure that influences its
interaction with polar and nonpolar adsorbents,
and active sites which determine the type of
chemical reactions with other molecules [13].
However, commercial activated carbon (CAC)
remains an expensive material for heavy metal
removal. The use of local, natural and cheap
materials that are available in large quantities or
certain waste from agricultural operations for
treatment of water and waste water containing
heavy metals in developing countries is an area
that is gaining interest.

Eichhornia crassipes Mart. is a free-floating
perennial aquatic plant (or hydrophyte) native to
tropical and sub-tropical South America. One of
the fastest growing plants known, water hyacinth
reproduces primarily by way of runners or stolon’s,
which eventually form daughter plants. It was
introduced in Bengal in India because of its
beautiful flowers and shapes of leaves, but turned
out to be an invasive weed draining oxygen from
the water bodies and resulted in death of many
fishes. Fish is a supplement food in Bengal, and
because of the fish scarcity in Bengal caused by
Eichhornia, the water hyacinth is also called
“Terror of Bengal”.

The adsorbent made from different part (root,
petiole and leaf) of water hyacinth were used to
remove of the Cd (II) from domestic wastewater.
The objective of this study was to investigate
whether activated carbon prepared from Eichhornia
crassipes Mart. (ACECM) could be used as an
alternative for commercial activated carbon for the

removal of Cd (II) from domestic wastewater. The
influence of various parameters such as pH, initial
concentration of metal ion, contact time, and
adsorbent dose on the removal efficiency of the
ACECM was studied.

2. MATERIAL AND METHODS

2.1 Procedure of Adsorbent Preparation and
Activation

Eichhornia crassipes Mart. collected from the
river Gomti. The preparation and activation of the
carbon prepared from Eichhornia crassipes Mart.
was performed by the following procedure. The
collected water hyacinth was washed many times
to remove the mud and other organic matter which
are present. Washed water hyacinth was weighted
on the weight machine and then make the different
part of the plants like root zone, petiole and leaf
which were used to prepare activated carbon of
root (ACR), activated carbon of petiole (ACP) and
activated carbon of leaf (ACL). It was dried at 950C
till total moisture content have been removed and
then taken dry weight. Activated carbon were
prepared in different batch in absence of oxygen
for 4hr in muffle furnace at 350C. The dried sample
was sieved to pass through a 100-mesh sieve and
stored in a desiccator for further use (fig.1).

Fig.1: Preparation of activated carbon from Eichhornia
crassipes Mart. and its adsorption of Cd (II)  ions from waste
water.
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 Adsorption Processes :

It is believed that the carbonization / activation
step proceeds simultaneously with the chemical
activation. Chemical activation is preferred over
physical activation owing to the lower
temperatures and shorter time needed for activating
material.

 Physical Reactivation :

By this process precursor is developed into
activated carbons using gases. This is generally
done by using one or a combination of the
following processes:

 Carbonization :

Material having appreciable carbon content is
pyrolyzed at temperature ranging between 600–
900 °C, in the absence of oxygen (usually in inert
atmosphere with gases like argon or nitrogen)

 Activation/Oxidation :

In this process raw material or carbonized
material is exposed to oxidizing atmospheres
(carbon monoxide, oxygen, or steam) at
temperatures above 250 °C, usually in the
temperature range of 600–1200 °C.

 Chemical Activation:

Before carbonization, the raw material can be
impregnated with certain chemicals. The chemical
needs to be typically an acid, strong base, or a salt
(phosphoric acid, potassium hydroxide, sodium
hydroxide, zinc chloride, respectively). After
impregnation, the raw material needs to be
carbonized at 450–900 °C.

Adsorption experiments were conducted at
different variables to study the best removal
condition i.e.,   contact time, temperature, agitation
speed, pH, dose of adsorbent, initial concentration.
Affecting variables of adsorption were mentioned
in table 1.

The aqueous phase was separated from
activated carbon by centrifugation at 5000 rpm for
10 minutes and the concentration of residual Cd
(II) ions in the supernatants was determined by
atomic absorption spectrophotometer (Perkin
Elmer 370 model). The amount of adsorbed Cd
(II) ions was calculated by the difference of initial
and final concentration.

3. RESULTS AND DISCUSSION

The absorption efficiency of the activated
carbon which are made by water hyacinth having
different in different conditions which were given
below:

3.1 Effect of pH on Cd(II) ion adsorption

The pH of the solution affects the surface charge
of adsorbent, the degree of ionisation and the
speciation of the surface function groups [17]. For
that reason, in many studies carried out to remove

Table-1: Different variables affecting adsorption of ACECM
            Parameters     Variables         Constants  
Contact time 
Range (0.5-5 hours) 

  Contact time Temperature 
Agitation speed 
pH 
Dose of adsorbent 
Initial concentration 

 
Agitation speed 
Range (25-60 rpm) 

   
Agitation speed 

Contact time 
pH 
Dose of adsorbent 
Temperature 
Initial concentration 

Dose range (1-5 g l-1)    Dose  Temperature 
Agitation speed 
pH 
Contact time 
Initial concentration 

pH range (1-10) pH Temperature 
Agitation speed 
Contact time 
Agitation speed 
Initial concentration 

Effect of Initial 
concentration 
Constant  

Concentration Temperature 
Agitation speed 
Contact time 
Agitation speed 
pH 
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heavy metals from aqueous solutions, it has been
pointed out that the pH of the solution is one of
the most important parameters affecting adsorption
yield. The effect of initial pH on the adsorption of
Cd(II) ions was studied in present studied indicated
that the value pH varied from 1 to 10 in Fig. 2.
The removal percentage of Cd (II) ions was
observed that adsorption was sharply increased
upto  pH 4 and   it was tend to decreased sharply
with increase in pH (Fig.2).

The maximum removal percentages were found
to be 77 % at pH 4. The optimum pH for Cd (II)
ions adsorption from aqueous solutions by
activated carbons from almond shells, olive and
peach stone has been reported as 5.0 [10]. In other
studies carried out with activated carbon from
coirpith, maximum removal was attained at pH
4.0 [8]. Optimum pH for adsorption of Cd (II) ions
by activated carbon from bagasse was reported as
4.5 [19]. Cimino et al. [20] have reported that
maximum removal in the adsorption of Cd(II) ions
by carbon from hazelnut shell treated with
sulphuric acid was observed in the pH range from
4.0 to 6.0. In our previous study [18] related to
Cd(II) ions adsorption, optimum pH has been
found to be 6.3. These results show that the
adsorption yield of Cd(II) ions by various
adsorbents is dependent on pH of solution.

Fig.2: Effect of pH on adsorption Cd (II) by ACECM

3.2 Effect of agitation speed on Cd(II) ion
adsorption

Results indicated that agitation speed vary from
25-60 rpm at atmospheric temperature in which
removal efficiency were observed 30-65% but best
removal efficiency (65%) observed in root of
ACECM at  45 rpm (fig. 3). Best removal efficiency
were in all parts i.e., root, stem and petiole at 45 rpm.
The 45 rpm is the best agitation speed for the removal
of the cadmium form the sewage wastewater.

3.3 Effect of Dosage on Cd(II) ion adsorption

Dosage study is an important parameter in
adsorption studies because it determines the capacity
of adsorbent for a given initial concentration of metal
ion solution. The effect of adsorbent dose on the
present removal of Cd(II) at initial concentration of
1 g l-1 is shown in Fig. 5. From the figure it can be
observed that increasing of adsorbent dose initially
increased the present removal of Cd (II) up  to 65.5%
with the required optimum  dosage of  2 g.

Fig.3: Effect of agitation speed on adsorption Cd (II) by
ACECM.

Fig.4: Effect of dose of activated carbon on adsorption Cd
(II) by ACECM.
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Beyond the optimum dosage the removal
efficiency decreased with the adsorbent dose. As
expected, the removal efficiency increased with
increasing the adsorbent dose for a given initial
metal concentration, because for a fixed initial
adsorbate concentration increasing adsorbent dose
provides greater surface area or  more adsorption
sites. Further, it can be attributed to the binding of
metal ions onto the surface functional groups
present on the ACECM. The decrease in adsorption
capacity with increase in the adsorbent dose is
mainly due to the increase of unsaturation of
adsorption sites through the adsorption reaction.
Another reason may be due to the particle
interactions, such as aggregation, resulting from
high sorbent concentration. Such aggregation
would lead to decrease in total active surface area
of the sorbent.

3.4 Effect of contact time on Cd(II) ion adsorption

Equilibrium time is one of the important
parameters for an economical wastewater treatment
system [21].  The experimental results relating to
the effect of contact time on removal of Cd(II)  are
shown in  Fig. 5. It can be clear from the ûgure that
the removal of metal ions increased with increase
in agitation time and attained maximum at 280min
Cd(II) with removal of 76.56%  onto the ACECM.
The behaviour suggests that at the initial stage,
sorption takes place rapidly on the external surface
of the adsorbent.

Fig.5: Effect of contact time on adsorption Cd (II) by
ACECM

4. CONCLUSION

Activated carbon absorption process is also the
best process of the removing the heavy metal from
the wastewater. Bio-adsorbent are the most
efficient cost effective and environment friendly
because of not enough use of aquatic plant we can
use to make the activated carbon which are giving
the absorption result in this experiment we have
ACECM like roots, petiole and leaf which are
giving the best result for the absorption in all type
of activated carbon the petiole gives the best result
and then leaf. The results are for the absorption of
Cd(II) ions  is 76.56%.
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Abstract

The main objective to use wireless sensor network (WSN) is to collect data
across various nodes and send the collected data to sink for processing. This
is typically the scenario in any real-time application of WSN. In this paper,
the authors review various existing methods in data aggregation, list out the
research challenges faced by the researchers and propose solutions for each
method.

1. INTRODUCTION

Data should be aggregated in WSN to reserve
energy and to avoid burst traffic in the network.
This would reduce the data packet transmission
to the sink. This is a must to eliminate redundancy
of data transmission and enhance the energy of
node in wireless sensor network (WSN). A sensor
node is made responsible to collect and store the
aggregated data and process it quickly, to avoid
transmission delay before sending it to the sink
on the base station. The wireless sensor network
has consisted three different types of nodes.

1. Simple regular sensor nodes
2. Aggregator node
3. Queried.

In regular sensor node senses the data from the
environment and sends the data to the aggregator
node. The aggregator node gathers data from
multiple sensor nodes and aggregates the data
packet using some aggregation function then sends
the aggregated result to upper queried node which
generates the query. The various Quality of service
(QoS) metrics22 needs to be considered for designing
a routing framework for data aggregation in WSN.
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The literature survey in this area of research is as
follows;

P. Anbumani et al. 1discuss various data
aggregation approaches based on routing protocols,
algorithm and the performance measures in data
aggregation in wireless sensor network. The
authors discuss the various types of nodes and the
involvement of each node in the whole process of
data aggregation. The authors also discuss various
merits and demerits of data aggregation in WSN.
In the paper the authors consider various
parameters such as energy efficiency, latency, data
accuracy as a performance measure of data
aggregation.

Nandini. Set al. 2 discusses a data aggregation
framework on wireless sensor networks. This
framework works as a middleware for aggregated
data measured by number of nodes. This paper
discusses about data aggregation and query
processing with various simulation tools. The
authors also discuss energy conservation for
various methods of data aggregation.

Bhaskar Krishnama chariet al. 3 discusses data-
centric routing and its performance with traditional
end-to end routing schemes. The authors also
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discuss about the impact of source destination
placement and communication network density on
the energy costs and delay associated with data
aggregation. They also point out the complexity
of optimal data aggregation. The authors proposed
and modeled performance of data aggregation in
resource-constrained distributed event-based
system.

Y. E. Massadet al. 4proposes a linear distributed
algorithm to aggregate data and consumes energy
in a uniform way and simulated it for different
scenarios using the network simulator (ns2) . The
proposed algorithm is distributed, there is no
sensor synchronization and there is total absence
of global knowledge of the wireless sensor network.
The absence of global knowledge differentiates this
proposal from others as PEGASIS being a
significant contribution.

K. Sruthiet al. 6 proposes Enhanced Link aware
Clustering Mechanism (LDAM) and a data
aggregation algorithm based on passive clustering
technique that target both on the efficient CH and
GW selection process and varied transmission
power during the data aggregation process. Passive
clustering concentrates on the link condition and
state of the nodes.

R. Jayalakshmiet al. 7 proposes an algorithm
AST that implies logical separation of sensor
network i. e. same type of sensors forms a virtual
path to group together. After sorting out sensor
groups examine MST among sensor nodes of each
group. MST connects all sensors by choosing
shortest distance to travel from one node to
another. It generates graph to include all nodes
without forming cyclic group among nodes. Data
aggregation is done at MST graph nodes to avoid
reaching same node again.

Swapna B. Sasiet al. 8 shows the intent provide
the secure communication in the wireless sensor
networks. For that, several cryptography using
optimization algorithms is investigated. Survey has

been made on the cryptography using optimization
methods for secure communication. Several
opt imization algorithms are presented for
cryptography to create the keys for the encryption.
One of the suggested techniques is ant Colony
Optimization Key Generation based image
encryption method that is used to create the keys
for encryption of text. The ant colony optimization
method is used to generate the keys for encryption.

S. Saranyaet al. 9 proposes an objective to
aggregate the data in a secure way such that the
tampering caused by the adversaries can be
avoided and these secure authentication
mechanisms ensure that the base station does not
accept forged aggregation value.

S. Saranyaet al. 10 proposes Energy aware Data
Aggregation with Sink Relocation (EDASR)
technique to improve the network lifetime. The
nodes that are closer to sink will consume
additional energy than others to compute and
communicate data to sink.

Gaurav Kumar Pandeyet al. 11 focuses on a
survey of various techniques for lowering latency,
routing data to Mobile Elements (ME) with motion
control mechanisms, scheduling during data
collection in WSN-ME and technique for energy
conservation by using Fuzzy logic.

Jatinder Kauret al. 12 discussed the rapidly
increase the lifetime of the network.

S. Sasirekhaet al. 13 provides a comprehensive
survey of different data aggregation algorithms in
wireless sensor networks.

Claude Castellucciaet al. 19 propose a secure
additively homomorphic stream cipher which uses
modular additions thereby well adaptive for
resource constrained devices. This security scheme
allows aggregators to consolidate the encrypted
data of the nodes without decrypting them.

Yingpeng Sanget al. 20 surveys security issues
data confidentiality and integrity. The authors also
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propose security frameworks which use pair wise
key distribution respectively for hop-by-hop and
end-to-end encrypted data aggregation.

Wenbo Heet al. 21 propose privacy-preserving
data aggregation methods for additive aggregation
functions. Cluster-based Private Data Aggregation
method controls clustering protocol and algebraic
properties of polynomials thereby reducing the
communication overhead. Slice-Mix-Aggregate
(SMART) method develops on slicing techniques
and the associative property of addition which
reduces computation overhead.

2. EXISTING METHODS AND CHALLENGES

2.1 Tree Based Approach

Construction of minimum spanning tree
considering the sink as the root and source node
as leaves.

Demerits :If there is a failure of node, the whole
sub tree is affected with a huge data loss.

2.2 In-Network Aggregation

In-Network Aggregation is a mechanism for
reducing the overall amount of power and
bandwidth required to process the user’s query by
allowing sensor readings to be aggregated by
intermediate nodes.

Demerits : Intermediate node failures.

3. APPROACHES FOR IN-NETWORK
3.1 Aggregation Routing Trees

Almost all techniques for in-network aggregation
require the construction of a routing tree for
propagating data from the source nodes to the sink
nodes. Once established, each node utilizes the
routing tree to find a path to the host node. A simple
method for constructing the routing tree is as
follows. The host node broadcasts an initialization
message into the network. The message contains
a hop count parameter, which specifies the distance
from the host node. All nodes that hear the
initialization message will select the host as their
parent, increment the hop count by one, and then

rebroadcast the message. The message will
propagate down the network until every node has
established a parent.

3.2 Research challenges in the above method
1. Time taken for each node to acknowledge the

message.
2. Loss of the message itself.
3. No guarantee that all nodes in network

acknowledge the message.

3.3 Proposed Solutions for the research challenges
mentioned above

For challenge 1, 2: Maintaining a threshold
time.

For challenge 3: Having a count which increments
when the message is received by a node.

4. GROUPING

Some aggregate functions require sensors to be
partitioned into distinct groups. Researchers at the
University of Pittsburgh propose a Group-Aware
Network Configuration in which child nodes
attempt to select parents in the same group5. During
tree initialization, parent nodes broadcast their
group ID along with the tree initialization message.
Child nodes listen to messages from nodes one
level higher in the tree. A child node may choose
to switch parents if it hears from a node one level
higher that is in the same group as itself. The
advantage of this approach is that nodes with
children in the same group may aggregate values
reported from the child nodes into one value to be
passed on to the host node. If a parent node receives
readings from children in different groups, it must
send a larger message up the tree containing the
values and the associated group. This reduces the
amount of aggregation that can be performed in
network.

4.1 Research challenges in the above method

1. Parent node failure.

2. If a parent node receives readings from children
in different groups, it must send a larger
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message up the tree containing the values and
the associated group. Burstiness of traffic
increases may end in bottleneck.

4.2 Proposed Solutions for the research challenges
mentioned above

Challenge 1: The child should send ICMP
message to parent node at regular intervals of time,
if the parent does not respond in time t, the child
nodes should select the next active node to serve
as parent. [Active node= a node with good battery
life]

4.3 Reliability in data aggregation

Muhammad Adeel Mahmoodet al. 14  discuses
on several existing reliability mechanism and
challenges in WSN. The authors also propose a
3D reference model for categorizing research in
WSN reliability. The authors also distinguish
between the two major parameter used for
reliability i. e. retransmission and redundancy. The
authors classify the methods of reliability as hop-
by-hop, end-to-end, packet level and event level
reliability. The authors also review sensor
transmission control protocol (STCP), a sink-centric
end-to-end reliability protocol which works on
controlled variable reliability mechanism.

4.4 Research challenges for above method

Retransmission of packets adds to network
delay and waiting for acknowledgement adds to
the overhead in processing data.

4.5 Proposed Solutions for the research
challenges mentioned above

Each node can be given a time slot where only
that node transfer at that time, thereby reducing
the congestion in sink also reduces the packet loss.

Muhammad Mostafa Monowaret al.15 propose
Prioritized Heterogeneous Traffic-oriented
Congestion Control Protocol which efficiently
transmits priority packets dynamically. The authors
talk about managing heterogeneous data from

multiple sensors and setting the desired throughput
based on the priority set by base station.

4.6 Research challenges for above method

Fairness in packet processing may be affected
as low priority packets may go to starvation state.

4.7 Proposed Solutions for the research
challenges mentioned above

A round robin kind of approach with priority
can be followed to avoid starvation and to achieve
fairness.

Özgür B. Akanet al.16 propose event-to-sink
reliable transport (ESRT) protocol which help for
congestion control thereby achieving reliable event
detection. The performance is recorded from
source nodes to the sink in terms of the number of
received data packets. This protocol runs on the sink
thus saving the energy from resource constrained
nodes.

4.8 Research challenges for above method

Single point of failure is possible in this method
if the sink fails the entire network fails as the
protocol is running in the sink.

4.9 Proposed Solutions for the research
challenges mentioned above

Instead of protocol running in sink node, a
dedicated server can be used to run the protocol
and processing of packets so that energy life of
sink can be saved.

Vehbi C. Gungoret al.17 proposes delay sensitive
transport (DST) protocol which helps to transmit
the event features with less delay from sensor
nodes to sink with minimum energy consumption.
This protocol also uses the Time Critical Event
First (TCEF) scheduling mechanism to achieve the
application specific delay bounds at the sink node.
This protocol runs on the sink thus saving the
energy from resource constrained nodes. Its
combined congestion detection and control
mechanism serves the dual purpose of achieving
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reliability and conserving energy. Moreover, it
considers event to-sink delay bounds, while
dynamically adjusting reporting frequency of the
source nodes and avoiding network congestion.

4.10 Research challenges for above method

Node failure or unresponsiveness of node may
need to event reporting failure.

4.11 Proposed Solutions for the research
challenges mentioned above

Each can be assigned weights and this weight
can be incremented whenever that node is
transmitting data. Based on the weight value we
can detect any unresponsiveness of node.

Sezer Uzungenc et al.18 proposed Dynamic
Multi Threshold Priority (DMTPS) packet
scheduling algorithm which warrants a decrease
in loss ratio for the lower priority level data with
acceptable fairness towards higher priority level
data. This proposed method also tries to increase
the level of QoS provided to different priority
packets by reducing the loss ratio and waiting
times. The aim of the DMTPS algorithm is to find
lower priority packets and swap with higher
priority arrival packets based on the threshold
value.

4.12 Research challenges for above method

Delay in processing time critical data may occur
and this protocol may not be useful in hard real
time systems. Data accuracy may be affected.

4.13 Proposed Solutions for the research
challenges mentioned above

Higher priority packets should be queued and
processed first to achieve efficient time critical
event reporting.

4.14 Overall Research challenges

1. Delay incurred in data processing in aggregator

2. Security (If the aggregator node is compromised)

3. Erroneous data (aggregated data may have
missing values or errors in certain packets)

4. Node failure

5. Congestion of data in the aggregator node.

6. Since the network is dynamic in nature, the
node may be out of range at any possible time
t.

5. CONCLUSION

The main purpose to use wireless sensor
network (WSN) is to collect data various nodes
and send this data to sink for processing. In this
paper, the authors have surveyed the various data
aggregation techniques, listed out the challenges
in each technique and also discusses solutions
which we plan to implement in our future works.
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Abstract

Vibrational investigations along with theoretical quantum chemical studies
on “2-Diphenylphosphanyl-6-fluoro-pyridine (C17H14NFP)” have been carried
out. The quantum chemical density functional method at B3LYP/3-21Glevel
is used to obtain the equilibrium geometries of the title compound. We have
also performed vibrational analysis of the title compound at their equilibrium
geometries and established the complete assignments of the significant
vibrational modes. Electronic parameters such as HOMO, LUMO and frontier
orbital energy band gap, has been calculated. Besides it the thermodynamical
parameters like internal thermal energy, entropy and constant volume specific
heat capacity have been calculated.

1. INTRODUCTION

The aim of the present study is to investigate in
detail the vibrational spectra of the title molecule
“2-Diphenylphosphanyl-6-fluoro-pyridine
(C17H14NFP)”, a derivative of pyridine due to its
biologically active properties. Pyridine is a
heterocyclic aromatic tertiary amine, also called
azabenzene and azine, is characterized by a six
member ring composed of five carbon atoms and
a nitrogen atom which replace one carbon-
hydrogen unit in the benzene ring (C5H5N).
Pyridine is a base with chemical properties similar
to tertiary amines. Pyridine and its derivatives are
used as solvents and starting material for the synthesis
of target compounds for instance insecticides,
herbicides, medicines, vitamins, food flavorings,
feed additives, dyes, rubber chemicals, explosives,
disinfectants, and adhesives. It is also used as a
denaturant for antifreeze mixtures, as a dyeing
assistant in textiles and in fungicides [1, 2].
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2. MATERIALS AND METHODS

The model molecular structure of the title
compound is shown fig 1. The title molecule is an
asymmetric top with rotational symmetry number
equal to 1 and 93 degrees of freedom. The
theoretical IR spectra plotted is shown in fig 2.

Fig.1: Model Molecular Structure of 2-Diphenylphosphanyl-
6-fluoro-pyridine (C17H14NFP) as seen by Gaussview 5.0.8
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Fig.2: Theoretical IR spectra of 2-Diphenylphosphanyl-6-
fluoro-pyridine

3. RESULT AND DISCUSSION

All the calculations were performed on an AMD
dual core/2.71 GHz personal computer by the
B3LYP [3, 4] method using the 6-31+g(d,p) level
basis set of density functional theory. All
computations were carried out with the Gaussian
09 package [5] by combining the results of the
Gaussview 5.0.8 program package [6] with
symmetry considerations and the VEDA 4 program
to calculate the PED values [7].

3.1 Geometry Optimization

The optimized geometrical parameters of the
title molecule 2-Diphenylphosphanyl-6-fluoro-
pyridine are listed in table 1, showing bond lengths
and bond angles only. The out of plane and
torsional vibrations are not shown for the sake of
space and are with the corresponding author. The
optimized geometry parameters of the title
compound are calculated by the DFT-B3LYP
method. The calculations converged to optimized
geometries by allowing the relaxation of all the
parameters, which also correspond to true energy
minima. This is revealed by the absence of any
imaginary frequencies in the vibrational spectra
calculations. Subsequently the zero point vibrations
energy obtained for structure optimization of the
title molecule is calculated as 172.99 Kcal/mol.

Table-1: Optimized Parametrs of 2-Diphenylphosphanyl-
6-fluoro-pyridine (C17H14NFP)

S.No Parameters Bond Length (Å) S.No Parameters Bond Angles (Deg) 
1 R(1,2) 1.3822 46 A(5,4,9) 120.4392 
2 R(1,6) 1.2964 47 A(4,5,6) 121.1044 
3 R(1,10) 1.3466 48 A(4,5,11) 125.3575 
4 R(2,3) 1.3754 49 A(6,5,11) 113.4681 
5 R(2,8) 1.0676 50 A(1,6,5) 119.535 
6 R(3,4) 1.3921 51 A(5,11,12) 101.0055 
7 R(3,7) 1.0712 52 A(5,11,23) 101.844 
8 R(4,5) 1.3777 53 A(12,11,23) 101.8554 
9 R(4,9) 1.0674 54 A(11,12,13) 123.7258 

10 R(5,6) 1.8782 55 A(11,12,14) 117.2473 
11 R(5,11) 1.8782 56 A(13,12,14) 119.0239 
12 R(11,12) 1.881 57 A(12,13,15) 120.4121 
13 R(11,23) 1.8759 58 A(12,13,16) 119.8261 
14 R(12,13) 1.3871 59 A(15,13,16) 119.7598 
15 R(12,14) 1.3888 60 A(12,14,17) 120.6793 
16 R(13,15) 1.3841 61 A(12,14,18) 119.5354 
17 R(13,16) 1.0706 62 A(17,14,18) 119.7835 
18 R(14,17) 1.384 63 A(13,15,19) 120.1713 
19 R(14,18) 1.0728 64 A(13,15,20) 119.7762 
20 R(15,19) 1.3843 65 A(19,15,20) 120.0523 
21 R(15,20) 1.0721 66 A(14,17,19) 119.8829 
22 R(17,19) 1.3837 67 A(14,17,21) 119.9119 
23 R(17,21) 1.072 68 A(15,19,17) 119.8257 
24 R(19,22) 1.072 69 A(15,19,22) 120.0891 
25 R(23,24) 1.3886 70 A(17,19,22) 120.0839 
26 R(23,25) 1.386 71 A(11,23,24) 116.7929 
27 R(24,26) 1.3828 72 A(11,23,25) 124.1735 
28 R(24,27) 1.0726 73 A(24,23,25) 119.0336 
29 R(25,28) 1.3847 74 A(23,24,26) 120.6552 
30 R(25,29) 1.0699 75 A(23,24,27) 119.6583 
31 R(26,30) 1.384 76 A(26,24,27) 119.6853 
32 R(26,31) 1.0719 77 A(23,25,28) 120.4019 
33 R(28,30) 1.3831 78 A(23,25,29) 120.1809 
34 R(28,32) 1.072 79 A(28,25,29) 119.4144 
35 R(30,33) 1.0719 80 A(24,26,30) 119.9514 

 Angle Bending  81 A(24,26,31) 119.8475 
36 A(2,1,6) 124.1166 82 A(30,26,31) 120.1993 
37 A(2,1,10) 118.4941 83 A(25,28,30) 120.1998 
38 A(6,1,10) 117.3892 84 A(25,28,32) 119.7076 
39 A(1,2,3) 116.9298 85 A(30,28,32) 120.0921 
40 A(1,2,8) 120.2367 86 A(26,30,28) 119.7531 
41 A(3,2,8) 122.8333 87 A(26,30,33) 120.1188 
42 A(2,3,4) 119.7956 88 A(28,30,33) 120.1268 
43 A(2,3,7) 120.0355    
44 A(3,4,5) 118.5167    
45 A(3,4,9) 121.0441    

3.2 Thermodynamic and Electronic Parameters

The thermodynamic functions like internal
thermal energy (E), specific heat capacity at
constant volume (Cv) and entropy (S) are shown
in table 2. It is evident from the table 2 that of the
total values of E and Cv, major contributions are
due to the vibrational part. Whereas in the entropy
calculated value the contributions of all three parts
i.e. translational, rotational and vibrational motions
of the atoms in the title molecule are comparable
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with again the vibrational part got the maximum
contribution. This shows the importance of the
study of vibrational nature of the molecule.

The frontier molecular orbitals participate in
chemical reactions or interactions with other
species and their energy gap helps to quantify the
chemical reactivity of the molecule. HOMO
primarily acts as an electron donor and LUMO
acts as an electron acceptor, whereas the HOMO-
LUMO energy gap is an important measure of the
stability of the compound. Molecule with small
values of frontier orbital gap, are more polarizable,
with high chemical reactivity and low kinetic
stability and is called a soft molecule [8, 9] and
vice versa. In our calculations the orbital gap of 2-
Diphenylphosphanyl-6-fluoro-pyridine is
calculated as 11.26 eV. This shows that table
molecule is at higher value of band gap and so
less polarizable, less chemical reactivity and high
kinetic stability. In the present DFT study the plots
of LUMO and HUMO are shown in Fig 3 and Fig
4 respectively and their values are given Table 2.
From 2d plot of HOMO (-8.563 eV), it is clear
that most of the HOMO is distributed over ring
R3 and most of the LUMO (2.755 eV) is
distributed over ring R1. The rotational constants
are calculated are calculated as 0.35554, 0.277289
and 0.1798 GHz respectively.

Table-2: Thermodynamic and Electronic Parameters of
2-Diphenylphosphanyl-6-fluoro-pyridine

                                              Parameters        (Thermal)            CV                         S 

                                                                       KCal/Mol           Cal/Mol-Kel        Cal/Mol-Kel 

  Total                  182.489              57.621                131.498 

Electronic           0.000                0.000                   0.000 

Translational     0.889                2.981                   42.799 

Rotational         0.889                 2.981                  34.158 

Vibrational       180.711             51.660                54.541 

 

Zero-point vibrational energy                    172.99051 (Kcal/Mol) 

Rotational constants (GHZ):           0.35554     0.27789     0.17980 

HOMO = -0.31368*27.3 eV=-8.563 eV 

LUMO = 0.10093* 27.3 eV=2.755 eV 

Energy Band Gap=  11.26 eV 

Fig.3: Plot of HOMO of 2-Diphenylphosphanyl-6-fluoro-
pyridine (C17H14NFP)

Fig.4: Plot of LUMO of 2-Diphenylphosphanyl-6-fluoro-
pyridine (C17H14NFP)

Fig.5: MESP plot of 2-Diphenylphosphanyl-6-fluoro-
pyridine (C17H14NFP)
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3.3 Vibrational Analysis

The maximum number of potentially active
observable fundamentals of a nonlinear compound
containing N-atoms is equal to (3N-6) [10]. The
title compound “2-Diphenylphosphanyl-6-fluoro-
pyridine (C17H14NFP)” contains 34 atoms and
hence exhibits 96 normal modes of vibrations. The
assignment of the calculated frequency, are
supported by the animation of Gauss View 5.0.8,
which gives a 3D-view of the vibrational modes.
The potential energy distribution (PED) is
calculated by VEDA 4 software program. To
correct overestimations at the calculated harmonic
frequencies an empirical uniform scaling factor of
0.983 up to 1700 cm-1 and 0.958 for above 1700
cm-1 were used [11]. All the vibrational assignments
are presented in table 3.

3.3.1 (C-H) stretch

The aromatic structure rings R1, R2 and of the
title compound show the presence of C-H stretching
vibration in the region 3300- 3200 cm-1 which is
the a bit higher than the characteristic region for
the ready identification of C-H stretching vibration
[12]. These vibrations are found to be affected due
to the position of the substitution. (Table-3 Annexure-1)

3.3.2 C-C stretch

Ring Vibrations. The C–C aromatic stretch
known as semi-circle stretching, are calculated at
1689, 1682, 1640, 1603, 1277 and 1224 cm–1. They
are in good agreement  with the reported
frequencies with appropriate PED. The
theoretically calculated C–C–C bending and C–C
torsional modes have been found to be consistent
with the reported values [12].

3.3.3 C-N stretch

The C-N vibrational mode is not easily identified
due to the mixing of vibrations of other modes in
this region. In the title molecule, the C-N stretching
vibrations are calculated at 1277, 1157 and 1069
cm-1. Various bending and torsional vibrations

assigned to the ν(C-N) stretching mode are also
supported by the literature [13].

3.3.4 C-F Stretch

The C-F stretching vibrations are calculated at
frequencies 1603, 1427, 969 and 611 cm-1. The
corresponding in plane bending and torsional
modes are reported in the literature [14, 15].

3.3.5 P- C stretch

The calculated values of P-C stretching mode
is obtained at frequencies values 1277, 969, 768,
759, 739,454 and 435 cm-1 with max PED value
at 768 cm-1. The frequency range of P-C stretching,
in plane bending, out of plane wag and torsional
Vibrational modes are reported in the literature
[16].

3.3.6 Lower region vibrational modes

The study of low frequency vibrations is of great
importance because it provides the information for
weak intermolecular interactions, which occurs in
enzyme reactions [17]. Study of low frequency
modes is also useful for the interpretation of the
effect of electromagnetic radiation on biological
systems [18]. In the present study, some important
calculated lower order vibrational mode are 701,
574 and 569 with assignment  R3 puckering, ω(P-
C-C-C) out of plane bending with 71%, 16% and
23% PED values. These mode seems to be one of
the characteristic modes of the title compound.

In lower range discrepancies are observed in
the experimental and theoretical intensity in lower
range of frequencies which are due to the impurity
of the sample used, intermolecular interactions,
anharmonicity and mixing of different modes of
vibrations.

4. CONCLUSION

Present  study reports a comprehensive
theoretical quantum chemical study on “2-
Diphenylphosphanyl-6-fluoro-pyridine (C17H14NFP)”.
The molecular geometry, vibrational wave numbers,
infrared intensities, electronic and thermodynamic



129
copyright samriddhi, 2010-2017 S-JPSET : Vol. 9, Issue 2, ISSN : 2229-7111 (Print) & ISSN : 2454-5767 (Online)

Tanveer Hasan, P.K. Singh & S.H. Mehdi

electronic properties of the title molecule have
been calculated using DFT (B3LYP) method
adopting at 6-31+g(d,p) basis set. Normal modes
analysis provides detailed description of the
Vibrational spectra of the molecules in question.
A good agreement between reported and calculated
normal modes of vibrations has been achieved. The
aim of this paper is to obtain direct information
on lower and higher frequency vibrations of such
biological molecule. In the absence of experimental
vibrational spectra of the title compound, the
theoretically calculated spectra should provide an
important path for experimentalists. All the
measurements were made for the gas phase.
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Assignment Modes[PED]
Unscaled Scaled

1 3430 3286 3891(w) ν(C4-H9)[72]+ν(C2-H8)sym[22]
2 3425 3281 ν(C2-H8)asym-[74]+ ν(C4-H9)sym[25]
3 3397 3254 3345(s) ν(C25-H29)sym[83]+ν(C28-H32)sym[12]
4 3392 3250 3308(vs) ν(C13-H16)sym[73]+ν(C15-H20)sym[16] 
5 3382 3240 3183(s) ν(C25-H29)[10]+ν(C26-H31)asym[38]+ν(C26-H31)sym[27]
6 3368 3227 ν(C24-H27)[31]+ν(C26-H31)[27]
7 3356 3215 ν(C14-H18)[34]+ν(C15-H20)[38]
8 3349 3208 2849(m) ν(C14-H18)asym[38]+ν(C19-H22)[20]+ν(C15-H20)[10]
9 1763 1689 1725(vs) ν(C24=C26)sym[24]

10 1746 1673 ν(C30=C28)[23]+ν(C23=C25)asym[15]
11 1668 1640 1599(m) φ(H27-C24-C26)[21]+φ(H29-C25-C28)[19]+ν(C=C)[17]
12 1631 1603 1507(vs) ν(C4=C5)[10]+ν(F10-C1)[10]
13 1609 1582 1469(wsh) φ(H22-C19-C15)[31]+φ(H31-C26-C30)[21]φ(H20-C15-C19)[20]+φ(H21-C17-C19)[21]
14 1561 1534 1444(s) ν(N6-C5)[19]+φ(C4=C5-N6)[16]
15 1506 1480 1408(s) φ(H27-C24-C26)[33]+φ(H29-C25-C28)[35]
16 1452 1427 1378(m) ν(F10-C1)[33]+φ(H8-C2-C1)[19]+ν(C2-C3)[11]
17 1342 1319 ν(C1-N6)[10] +ν(C5-N6)[14]
18 1338 1315 1314(wsh) φ(H21-C17-C19)[17]+φ(H20-C15-C19)[14]+φ(H18-C14-C17)[18]
19 1299 1277 1309(wsh) ν(C4-C5)[35]+φ(H9-C4-C3)[13]+ν(P11-C5)[10]+φ(C4-C5-N6)[12]
20 1248 1227 1267(s) ν(C26-C30)[35] +ν(C17-C19)[12] +ν(C23-C25)[14]
21 1218 1197 1234(s) φ(C12-P11-C5)[15] + ν(N6-C5)[11]+ φ(C1-C2-C3)[18]
22 1202 1182 τ(H8-C2-C1-N6)[10]+τ(H7-C3-C4-C5)[32]+τ(H9-C4-C5-P11)[19]+τ(H20-C15-C19-C17)[18]
23 1198 1178 1182(s) τ(H31-C26-C30-C28)[18]+τ(H33-C30-C28-C25)[28]+τ(H32-C28-C30-C26)[17]
24 1188 1168 R3-ROCK[13]
25 1177 1157 1148(s) φ(C1-N6-C5)[25] +τ(H21-C17-C19-C15)[25]+τ(H18-C14-C17-C19)[20]
26 1167 1147 τ(H29-C25-C28-H30)[20]+ τ(H27-C24-C26-H31[28]
27 1149 1129 1106(vs) φ(C19-C15-C13)[15]+φ(C12-C14-C17)[13]
28 1113 1094 τ(H22-C19-C17-C14)[38]+τ(H16-C13-C15-C19[22]
29 1104 1085 1058(wsh) τ(H33-C30-C28-C25)[13]
30 1098 1079 1013(m) τ(H9-C4-C5-P11)[48]
31 1087 1069 φ(C2-C1-N6)[15]+φ(C1-N6-C5)[12]
32 1008 991 984(wsh) τ(H18-C14-C17-C19)[21]+τ(H20-C15-C19-C17)[29]+τ(H16-C13-C15-C19)[19]
33 998 981 τ(H29-C25-C28-C30)[24]+τ(H27-C24-C26-C30)[22]+τ(H31-C26-C30-C28)[26]
34 986 969 957(m) ν(C1-C2)[30]+ν(C1-F10)[21]+ν(P11-C5)[10]
35 970 954 893(s) τ(H9-C4-C5-P11)[15]+ω(F12-C1-N6-C2)[17]  
36 893 878 τ(H20-C15-C19-C17)[14]+τ(C19-C15-C13-C11)[22]+τ(C19-C15-C13-C11)[22]
37 888 873 τ(C23-C25-C28-C30)[21]
38 872 857 802(w) τ(C2-C1-N6-C5)[15]+ω(F10-C1-N6-C2)[23]+τ(H8-C2-C1-N6)[19]  
39 817 803 772(s) τ(H22-C19-C15-C17)[14]+τ(H18-C14-C12-C17)[15]+τ(C19-C15-C13-C12)[23]  
40 810 796 τ(C23-C25-C28-C30)[24]+τ(H33-C30-C28-C25)[18]+τ(H29-C25-C28-C30)[14] 
41 781 768 R2-PUCK[43] + ν(P11-C12)asym[10]+ ν(P11-C23)asym[14]
42 772 759 699(s) R3-PUCK[27] + ν(P11-C12)[13]
43 752 739 668(wsh) ν(P11-C5)[10]+ ν(C1-C2)[12]+φ(C1-C2-C3)[34]
44 729 717 ω(F10-C2-N6-C1)[35]+ ω(C4-P11-N6-C5)[28]+τ(H8-C2-C1-N6)[12]     
45 713 701 613(vs) R3-PUCK[71]
46 622 611 φ(C6-C1-F10)[13]+φ(C2-C1-N6)[28]+ν(F10-C1)[19]
47 584 574 ω(P11-C24-C25-C23)[16]+ φ(C12-P11-C23)[13]  
48 579 569 522(wsh) ω(P11-C23-C12-C5)[10]  + ω(P11-C24-C25-C23)[13]
49 537 528 ω(C4-P11-N6-C5)[12]+τ(C3-C2-C1-N6)[17]+τ(C2-C1-N6-C5)[29]       
50 503 494 505(s) φ(N6-C1-F10)[27]+τ(F10-C2-N6-C1)[24] 
51 478 470 449(s) ν(P11-C23)[26]+φ(C23-C25-C28)[10]+φ(C5-P11-C23)[13] 
52 469 461 τ(C17-C19-C15-C13)[23]+τ(C14-C17-C19-C15)[27]  
53 462 454 400(msh) ν(P11-C5)[21]+τ(C24-C26-C30-C28)[16]
54 443 435 ν(P11-C12)[29]+φ(F10-C1-N6)[14]+ω(H27-C24-C26-C30)[13] 
55 68 67 τ(C13-C12-P11-C23)[68]

      Calc FreqS.
No.

Theo. Freq 
FTIR

(Annexure-1)
Table-3 : Frequency assignments for 2-DiphenylPohospanyl-6-Fluoro-Pyridine at B3LYP/6-311G(d,p) in cm-1, with

PED % in Square Brackets
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