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Abstract. Polymers are perhaps the most important materials for the present era of science and
technology. They are employed in nearly every device, involving the interior of every automobile to
several biomedical applications. Their diverse properties and wide range applicability prove
them to be classified as modern materials or advance materials. In context to their great potential
and widespread applicability, the characterization of polymeric solution is rapid growing area for
the researchers and scientists. Various techniques have been employed up till now to elucidate
their various structural aspects and hidden secrets of their functional aspects. A brief review of the
techniques used to characterize polymeric solutions has been presented.

1. INTRODUCTION:

Polymer molecules consist of the same repeating
units, called monomers, or of different but resem-
bling units. In the solid state, polymer molecules
pack the space with little voids either in a regular
array (crystalline) or at random (amorphous). The
molecules are in close contact with other polymer
molecules. In solutions, in contrast, each polymer
molecule is surrounded by solvent molecules.  The
number of molecules makes many of the properties
common to all polymer molecules but not shared
by small molecules. A difference in the chemical
structure of the repeating unit plays a secondary
role [1,2].

The methodologies to investigate the structure
and dynamics of polymeric systems have not grown
at the same rate as the numbers of reports of novel
developments. In addition, further progress in the
modeling of the relations between molecular,
nanoscopic and macroscopic structures and prop-
erties is needed in order to understand and predict
the limits of performance that can be attained by
polymers, particularly those of commercial interest.

The polymer industry is one of major importance
worldwide. The 21st century can be called as the
“Age ]f P]lymers” [3].

2. POLYMER SOLUTIONS
CHARACTERIZATION

The characterization of a polymer requires several
parameters which need to be specified. This is be-
cause a polymer actually consists of a statistical
distribution of chains of varying lengths, and each
chain consists of monomer residues which affect
its properties.

3. PROPERTIES OF POLYMERIC
SOLUTIONS -
CHARACTERIZATION
TECHNIQUES

A variety of lab techniques are used to determine
the properties of polymers. Techniques such as wide
angle X-ray scattering & small angle X-ray scatter-
ing, and small angle neutron scattering are used to
determine the crystalline structure of polymers. Gel



166 S. Hina, Y. Zhang and H. Wang

permeation chromatography is used to determine
the the average molecular weight and polydisper-
sity. FTIR, Raman, and NMR can be used to deter-
mine composition. Thermal properties such as the
glass transition temperature and melting point can
be determined by differential scanning calorimetry
and dynamic mechanical analysis. Pyrolysis fol-
lowed by analysis of the fragments is another tech-
nique for determining the possible structure of the
polymer. Thermogravimetry is a useful technique to
evaluate the thermal stability of the polymer. De-
tailed analyses of TG curves also allow us to know
a bit of the phase segregation in polymers. Rheo-
logical properties are also commonly used to help
determine molecular architecture (molecular weight,
molecular weight distribution and branching) as well
as to understand how the polymer will process,
through measurements of the polymer in the melt
phase [4,5].

4. CLASSICAL MEASUREMENTS IN
POLYMER SOLUTIONS

4.1.  Laser light scattering

Light scattering has been widely used to character-
ize polymer chains in a solution. It is possible to
determine the weight-average molecular weight (Mw),
the radius of gyration (Rg), and the second virial
coefficient (A2). The shape of the polymer molecule-
whether it is spherical, random-coiled, or rodlike
could also be investigated. Recent technical devel-
opments have strongly enhanced the possible ap-
plications of this technique, overcoming previous limi-
tations like sample turbidity or insufficient experi-
mental time scales.

4.1.1. Light scattering techniques-
classification

Two different light scattering methodologies can be
used to elucidate the structure of polymer solutions:

“Classical light scattering”  als] kn]wn as “static”
]r “Rayleigh” scattering ]r MALS) which pr]vides a
direct measure of molecular mass. It is therefore,
very useful for determining whether the native state
of a polymer is a monomer or a higher oligomer,
and for measuring the masses of aggregates or other
non-native species. It also can be used for measur-
ing the stoichiometry of complexes between differ-
ent polymers.

“Dynamic light scattering”, is als] kn]wn as “ph]#
t]n c]rrelati]n spectr]sc]py”  PCS) ]r “quasi#elas#
tic light scattering”  QELS). It uses the scattered
light to measure the rate of diffusion of the polymer

particles. This motion data is conventionally pro-
cessed to derive a size distribution for the sample,
where the size is given by the “St]kes radius” ]r
“hydr]dynamic radius” ]f the p]lymer particle. This
hydrodynamic size depends on both mass and
shape (conformation). Dynamic scattering is par-
ticularly good at sensing the presence of very small
amounts of aggregated polymers and studying
samples containing a very large range of masses. It
can be quite valuable for comparing stability of dif-
ferent formulations, including real-time monitoring
of changes at elevated temperatures [6].

4.1.2. Characterization of polymer
solutions by laser light
scattering technique

a) Determination of reversible association of poly-
meric molecules
A method for rapid detection and characterization
of reversible associations of macromolecules in
solution had been suggested. In these experiments,
one simultaneously measures concentration and
total solute scattering, a property that depends upon
the product of solute mass and refractive increment
of each solute species and upon the interactions,
both attractive and repulsive, between solute mol-
ecules. The use of light scattering experiments pro-
vided the information about reversible associations
that was comparable in scope and resolution to that
currently obtainable from sedimentation equilibrium
had been suggested. Since the methodology intro-
duced, in contrast to that of sedimentation equilib-
rium, permitted extremely rapid acquisition and
analysis of composition-dependent data, it may in
principle be used to characterize reversible asso-
ciations evolving with time and at equilibrium and,
with the addition of sample handling robotics, may
be utilized in moderately high-throughput assays
for reversible macromolecular association in solu-
tions [7].

A comparative study of the association of cy-
clic- and linear polymeric chains with varying chain
lengths and end groups in dilute aqueous solutions
had been done by laser light scattering (LLS) and
stopped-flow temperature-jump measurements.
Results have revealed that the heating leads to a
microphase transition.

The resultant structures of inter-chain aggregates
have found to be dependent on the heating rate and
the chain topologies [16]. Static light scattering stud-
ies of polyelectrolyte solution indicated that the first
generation complex had a coil-like conformation. The
second and third generation complexes exhibit poly-
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electrolyte behavior. All these observations could be
explained by the flowerlike coil conformation, which
was formed by the intra-molecular association [17].
b) Determination of interactions in polymeric solu-
tions
An advancement in determining the interactions in
polymeric solutions occurs as it had been demon-
strated that the hydrodynamic radius expansion fac-
tor Rh and the normalized second virial coefficient
are also functions of the same interaction param-
eter z and are proportional to the reduced solvent
density at constant temperature. These results pro-
vided an important explanation of the observation
that the solvent quality can be tuned by not only the
solvent temperature but also the solvent density in
a universal way [8]. It had been also reported that
insight of conformational changes and intermolecu-
lar interactions within polymeric solutions could be
determined by laser light scattering [9]. In related
studies, interaction of cationic surfactants in aque-
ous media had been investigated by dynamic light
scattering. Growth of the mixed aggregates in rela-
tion with the phase separation was elucidated in
detail [10]. Dynamic light scattering (DLS) and
small-angle X-ray scattering (SAXS) were also em-
ployed to determine the aggregate formation and
type of chain packing in the semidilute regime of
polymer, respectively [11].
c) Structure elucidation
The network microstructure and formation of
hydrogels within polymeric solutions by the use of
laser light scattering techniques had been also be-
ing reported [12]. The fine structure of the solutions
of homopolymers, diblock copolymers [13] and poly-
meric hydrogel solutions [14] had been illustrated
by distribution of relaxation times obtained from
dynamic light scattering. The chain confirmation of
certain homo-polymers in ionic liquids have been
elucidated by using laser light scattering and it was
suggested that the mutual interactions among mol-
ecules of polymer and ILs are responsible for their
extent of solubility and chain confirmations [23].
d) Determination of viscoelastic properties of the
polymers
The time dependence of fluctuations near the criti-
cal point of phase separation in solutions of poly-
styrene in cyclohexane with high polymer molecu-
lar weights was being determined by dynamic light
scattering. From an analysis of the time dependence
of the experimental dynamic correlation functions
in terms of a theory of coupling of dynamic modes,
viscoelastic properties of the polymers in the solu-
tion could be determined [15].
e) Determination of aggregate formation

Dynamic light scattering measurements disclosed
the ubiquity of large aggregate species in the pre-
cursor polymer solutions customarily used to fabri-
cate polymer-based light-emitting diodes [18]. The
mesh size and homogeneity of polymer network was
evaluated by dynamic light scattering. It had been
proposed that a polymer network with a homogenous
mesh size of less than 10 nm was the best sieving
medium for separation of the proteins [19]. A new
method to measure the viscosity of concentrated
protein solutions in a high-throughput format by
means of dynamic light scattering had been pro-
posed [20].
f) Complex formation
Laser light scattering has also used as a tool to
confirm the complex formation between different
polymer complexes [21,22]. Different interactions
within these complexes have been found to be re-
sponsible for the complex formation and their fur-
ther applications.

5. RHEOLOGY

Rheology is the study of the flow of matter: prima-
rily in the liquid state, but als] as ‘s]ft s]lids’ ]r
solids under conditions in which they respond with
plastic flow rather than deforming elastically in re-
sponse to an applied force. The flow of these sub-
stances cannot be characterized by a single value
of viscosity (at a fixed temperature). While the vis-
cosity of liquids normally varies with temperature, it
is variations with other factors which are studied in
rheology.

5.1. Non-newtonian fluid mechanics

Since Sir Isaac Newton originated the concept of
viscosity, the study of variable viscosity of liquids is
also often called non-newtonian fluid mechanics.
Theoretical aspects of rheology are the relation of
the flow/deformation behavior of material and its in-
ternal structure (e.g., the orientation and elongation
of polymer molecules), and the flow/deformation
behavior of materials that cannot be described by
classical fluid mechanics or elasticity [24,25].

5.2. Rheology of polymeric solutions

a) Determination of viscoelastic properties
The viscoelastic properties of polymers are deter-
mined by the effects of the many variables, includ-
ing temperature, pressure, and time. Other impor-
tant variables include chemical composition, mo-
lecular weight and weight distribution, degree of
branching and crystallinity, types of functionality,
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component concentration, dilution with solvents or
plasticizers, and mixture with other materials to form
composite systems. Viscoelastic behavior reflects
the combined viscous and elastic responses, un-
der mechanical stress of materials which are inter-
mediate between liquids and solids in character [26].
b) Structure elucidation
Investigations of the rheological properties of asso-
ciative polymer solutions had been reviewed recently
[27]. These studies could easily illustrate various
structural aspects of these macromolecular struc-
tures. Rheology provides a unique opportunity; to
relate the microstructure of polymer molecules to
their macroscopic properties [28], to explain the
shear flow behavior of a classical viscoelastic
equimolar wormlike micellar system [29], to deter-
mine the strain rate [34,36] and in order to investi-
gate the occurrence of aggregates [30].

The dynamics of isolated high molecular weight
polymer chains dissolved in a nonentangled
semidilute solution of a low molecular weight poly-
mer by using a probe molecule have been reported
in literature, although the results obtained were found
to be roughly in accord with Zimm theory [31]. Film
forming polymeric solutions as a novel approach for
skin drug delivery were developed and character-
ized concerning their mechanical properties and
water vapor permeability. Their mechanical proper-
ties determined in vitro were found to be not predic-
tive for the flexibility and abrasion resistance ob-
served on living skin [32].

Flow can change the rate at which solutes ad-
sorb on surfaces by changing mass transfer to the
surface, but moreover, flow can induce changes in
the conformation of macromolecules in solution by
providing sufficient stresses to perturb the segmen-
tal distribution function. However, there are few stud-
ies where the effect of flow on macromolecules had
been shown to alter the structure of macromolecules
adsorbed on surfaces. A study had been made re-
garding that how the local energy dissipation alters
the adsorption of gelatin onto polystyrene
nanoparticles [33]. A novel optical cross-slot chan-
nel rheometer had been described generating two-
dimensional and isothermal complex flows of poly-
mer melts.

This was made possible by lubricating the chan-
nel front and back viewing windows. Flow-induced
birefringence and particle tracking veloctimetry were
reviewed and used to investigate the cross-slot flow
of a low density polyethylene melt involving mixed
shear and planar extensional deformations. This new
device was suggested to solve the issue of end ef-

fects in flow birefringence experiments where no
variations of the optical properties along the light
path were expected. It was found to greatly facili-
tate the interpretation of stress field data by provid-
ing reliable measurements of the polymer melt ex-
tinction angle and retardation, with a spatial resolu-
tion of one tenth of a millimeter. At the same time, it
offered an enhanced temperature control and an in-
creased optical accuracy due to an improved laser
beam shaping [35].

The thinning and breakup of filaments of semi-
dilute solutions of polymer could be investigated with
a capillary breakup extensional rheometer. The on-
set of the elastocapillary balance was molecular
weight dependent and the coil stretch transition of
the polymer is shifted close to the breaking point
and to small filament diameters [37]. The rheologi-
cal behavior of various polymers in different ionic
liquids has been studied by our group and a de-
tailed account about the interactions of these solu-
tions and their effect on their rheological studies is
being elaborated in detail [38-41].

6. VISCOSITY

Viscosity is a measure of the resistance of a fluid
which is being deformed by either shear stress or
tensile stress. Viscosity of a polymer solution de-
pends on concentration and size (i.e., molecular
weight) of the dissolved polymer. By measuring the
solution viscosity, an idea about molecular weight
could be obtained. Viscosity techniques are very
popular because they are experimentally simple.
They are, however less accurate; the determined
molecular weight and the viscosity average molecu-
lar weight is less precise. For example, Mw depends
on a parameter which depends on the solvent used
to measure the viscosity. Therefore the measured
molecular weight depends on the solvent being used.
Despite these drawbacks, viscosity techniques are
very valuable.

6 1  Polymeric solutions—viscosity
measurements

The reduced viscosities of an ultrahigh molar mass
polyethylene oxide sample in aqueous solution were
measured both by an ordinary glass viscometer and
by a viscometer constructed with a
polytetrafluoroethylene capillary. After correction for
solute adsorption and slippage, respectively, the two
sets of data coincide well and gave a common lin-
ear reduced viscosity plot down to extremely dilute
concentration regime [43]. In another studies, it has
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been suggested that the effective diameter of the
viscometer capillary and the surface property of the
capillary wall were found to be important factors in
determining the accuracy of method being used [44].
Various polymers have been studied by viscometric
measurements in order to determine intrinsic vis-
cosity, Huggins coefficient [45,48,49], elongational
viscosities [46], high-pressure viscosity and den-
sity of solutions [47].

The minimum and optimum effective viscosities
of polymer solution of high oil reservoirs was also
investigated by these measurements [50] and it was
found that the resulting viscosities is in direct rela-
tion to the viscosity of oil. Later, a new Couettetype
viscosimeter with a magnetically suspended rotor
allowed to directly determine the intrinsic viscosity
[51]. The viscosity and retention of several copoly-
mers had been studied under aerobic condition with
and without the sacrificial agent. The viscosity at
high temperature had been studied as a function of
aging time, shear rate, sulfonation degree and
molecular weight. By increasing temperature, less
relative reduction in polymer solution viscosity was
observed for the polymer with lower molecular weight
[52].

In another investigation, the viscosity of several
polyelectrolytes was measured in both salt free
solutions and solutions in the high salt limit. The
increase in viscosity in monovalent salt solution
appeared to be heavily influenced by the molecular
characteristics of the polymers such as monomer
weight, molecular structure, and chain conforma-
tion [53].

7. X-RAY DIFFRACTION STUDIES

X-ray scattering techniques are a family of non-de-
structive analytical techniques which reveal infor-
mation about the crystallographic structure, chemi-
cal composition, and physical properties of materi-
als and thin films. These techniques are based on
observing the scattered intensity of an X-ray beam
hitting a sample as a function of incident and scat-
tered angle, polarization, and wavelength or energy.

Applications of XRD

X-ray diffraction (XRD) has long been successfully
used to study various aspects of these structures
in semicrystalline polymers, which includes ther-
moplastics, thermoplastic elastomers and liquid
crystalline polymers [54-63].

While many of the well-established methods for
the determination of molecular structure, evaluation

of crystallinity and analysis of texture, continue to
be improved to enhance the speed and precision of
these measurements.

7.1. Polymeric solutions - X-ray
studies

Small and wide angle x-ray diffraction has been used
in various characterizing various aspects of poly-
mers such as the relationship between the struc-
ture and the mechanical properties [64].

WAXS has been used to elucidate the molecu-
lar structure of certain polymers [65], but sometimes
this technique is used with other techniques such
as optical microscopy [66] in order to understand
complete understanding of morphology and other
structural aspects of polymer.

8. DEVELOPMENTS IN TECHNIQUES

Various techniques are used in combination with
other techniques in order to carry out comprehen-
sive characterization and elucidate the overall struc-
tural and functional aspects of the polymeric solu-
tion [67-72]. Some of such studies had been shown
in Table 4.

9. CONCLUSION AND FUTURE
PROSPECTS

The continuous development of the modern process
industries has made it increasingly important to have
information about the properties of materials, includ-
ing many new chemical substances whose physi-
cal properties have never been measured experi-
mentally. This is especially true for polymeric sub-
stances. The design of manufacturing and process-
ing equipment requires considerable knowledge of
the processed materials and related compounds.
Also for the application and final use of these mate-
rials this knowledge is essential [9]. Future pros-
pects in the development of polymeric materials and
to ensure their versatile usage in almost every field
of life include following goals to be achieved:
·The properties of known polymeric solutions should

be correlated with their chemical structure, the
establishment of structure-properties relationships
is quite vital.
·Advance methods for the estimation and/or pre-

diction of the more important properties of poly-
mers, in the solid, liquid and dissolved states;
especially, in cases where experimental values
are not to be found is highly recommended.
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