
Physica A 394 (2014) 365–369

Contents lists available at ScienceDirect

Physica A

journal homepage: www.elsevier.com/locate/physa

Network in a polymer: Inputs from experimental data
Ashok Razdan ∗

Astrophysical Sciences Division, Bhabha Atomic Research Centre, Trombay, Mumbai- 400085, India

h i g h l i g h t s

• Polymers are formed when monomers join together to form a chain.
• We study evolution of network in iron acrylate polymer from monomer stage onwards and calculate the probability of degree

distribution from Mossbauer experimental data.
• The degree distribution of iron acrylate polymer follows exponential distribution.
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a b s t r a c t

Polymers are formedwhenmonomers join together to form a chain. In this paper we study
the evolution of a network in iron acrylate polymer from themonomer stage onwards. Our
primary aim is to use experimental data to calculate the probability of degree distribu-
tion and for this purpose we use experimental Mössbauer absorption spectrum data. We
observe that the degree distribution of iron acrylate polymer follows an exponential dis-
tribution.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

A network consists of vertices connected by edges. The degree k of the vertex is the number of edges connected to the
vertex. The degree distribution P(k) gives a probability that a randomly selected vertex has k links and is used to characterize
a network. In recent times, a lot of attention has gone towards the characterization of the topology of complex networks.
Earlier degree distribution of networkswas confined to randomgraph theory of Erdos andRenyi [1], butwith the discovery of
scale free networks [2], small world networks [3] a rich and diverse class of networks has been characterized e.g. networks in
superconductors [4], networks in earthquakes [5] etc. Despite the diversity of networks, they followuniversal self organizing
principles. Random networks follow Poisson distribution, have low average path length and low clustering coefficient.
Small world networks have low average path length but high clustering coefficient and may follow an exponential
distribution. Exponential distribution has been observed in the topology of transmission lines [6], some river networks [7],
earthquakes [8], extensive air showers [9] etc. Scale free networks followapower law p(k) ∝ k−γ . In this case a small number
of preferred nodes are highly connected and the rest of the nodes which are very large in number have fewer connections.

The emergence of a power law in the topology of BA networks [2] is decided by the linear growth and linear preferential
attachment. For the limited situation which involves only growth and no preferential attachment, the resulting topology is
exponential. In recent times evolving networks have been studied which have features like nonlinear growth and preferen-
tial attachment. This has resulted in single models explaining most of the features of the complex network e.g. Krapivsky

∗ Tel.: +91 022 25591798; fax: +91 022 25505151.
E-mail address: akrazdan@barc.gov.in.

0378-4371/$ – see front matter© 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physa.2013.09.053

http://dx.doi.org/10.1016/j.physa.2013.09.053
http://www.elsevier.com/locate/physa
http://www.elsevier.com/locate/physa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physa.2013.09.053&domain=pdf
mailto:akrazdan@barc.gov.in
http://dx.doi.org/10.1016/j.physa.2013.09.053


366 A. Razdan / Physica A 394 (2014) 365–369

Fig. 1. Displays (left side) acrylic acid, (right side) acrylic polymer and (below) position of iron atom in the iron acrylate polymer.

et al. [10] introduced the concept of nonlinear attachment which results in power law, stretched exponential decay and a
star like structure just by varying scaling exponent. Similarly physical network models [11,12] like neighborhood evolving
networks can explain power law, exponential decay and transition from exponential to power law as the limiting case of a
generalized approach.

In this paper we attempt to explore the polymer network using experimental data. The nature of the data that is needed
should be such that it gives some information at various stages of network formation in the polymer. Thus if we canmonitor
some experimental parameter which varies with the degree of polymerization, then it may be possible to get some infor-
mation of the network formation from that data. An ideal experimental situation demands that we should have data at each
step from the monomer to polymer progression, but it is nontrivial to obtain such data. In order to get some experimental
insight we revisit of our old [13,14] experimental data of Mössbauer spectroscopy of iron acrylate [14] polymer. In this ex-
periment the Mössbauer spectrum was recorded at monomer level and also at various stages of polymerization. An area of
the normalizedMössbauer spectrum is directly related to the strength of the lattice. From the area of Mössbauer absorption
spectrum, recoil free factor and effective thickness can be directly obtained. From effective thickness we obtain a possible
number of Mössbauer atoms participating in the polymerization and this number will give us the number of possible nodes
in the network.

Polymerization can be brought about by a number of methods. It can be done thermally or passing ionizing radiation
through a monomer. Radiations used for this purpose could be protons, neutrons, X-rays and γ -rays. The metallopolymers
are studied in the presentwork,metal ions exist in the substituent group hanging outside the polymer chain. Polymerization
was done using 60Co gamma irradiation. The degree of polymerization [13,14] was alsomonitored by chemical methods and
electrical conductivity.

2. Network in iron acrylate polymer

The formation of a polymer starts from a monomer. When two monomers join to form a single unit, it is called as dimer.
When another monomer is added to it, trimer is formed. As more and more monomers get added, a polymer is formed. Iron
acrylate is a metallopolymer obtained in a chemical reaction when three units of acrylic acid monomer react with ferric
oxide to form iron acrylate and three water molecules. The iron acrylate monomer is subjected to irradiation to convert it
into a polymer. In these polymers metal ions exist in a substituent group in the portion of molecules pedant to the polymer
chain (see Fig. 1).

The effect of the radiation on a monomer is to create a radical. When a radical propagates through monomers a long
polymer chain is formed. It has been confirmed through various studies that free radical propagation is the dominant form
of chain formation in the iron acrylate polymer. The primary backbone of an iron acrylate polymer chain consists [14,15] of
bonds between carbon atoms. The single bond connection between two carbon atoms of a monomer is a link or edge of this
network. The whole monomer is a single node and the bond between carbon atoms is a link. The Fe atom in the monomer
is responsible for Mössbauer absorption. As more monomers get added to the chain, the polymer becomes more strong and
stable and Mössbauer absorption also increases. At the monomer level Mössbauer absorption is low but as the percentage
of the polymerization increases, Mössbauer absorption also increases. So the area of the Mössbauer absorption spectrum
can be used to get some information which can be related to the nature of the network in iron acrylate.

3. Calculation of number of nodes

In the following we will discuss how we obtained the number of nodes and links for a iron acrylate network. In order
to calculate the number of nodes we need two parameters: (a) effective thickness T and (b) recoil free factor fa. These two
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