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Abstract: Polyelectrolyte complexes (PEC) are a category of macromolecules that are formed with oppositely
charged polyelectrolytes mainly through electrostatic interaction. They are classified on the foundation of the
type of interactive forces employed in the formation of a complex. PEC formation is an instantaneous process
without the use of any cross-linking agents that make them more beneficial. The PECs are governed by a variety
of factors such as pH, ionic strength and temperature. Coacervates are formed through non-ionic interaction
which took place between different polymers. This review dealt with the applicability and the other advantages
of polyelectrolyte complex and coacervates. This review also presented various applications of polyelectrolyte
complex fabricated form biopolymers. Recent advancement related to coacervates and polyelectrolyte complex
is also present in the review below.
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INTRODUCTION as polyelectrolytes because they contain an ionic group.

At neutral pH, the polymer containing positive and surfaces.
negative charge is called as Polyelectrolyte. Polyelectrolyte complexes are gaining interest
Macromolecular compounds are made to dissolve in a because of their appealing properties. They behave as
suitable solvent which can be water. Polyelectrolyte good excipients and potential carrier material in drug
behaves like a simple macromolecule when it is in its delivery systems. Through the association of polymer-
uncharged state. But there can be a huge change of its polymer such as polyelectrolyte complexes, many
properties if there is any detachment of even small applications have been developed which are now
fraction over its side group [1]. Polyelectrolytes are becoming more popular. The purpose of this review was
hydrophilic in nature due to the presence of charge and to determine the utilization of polyelectrolyte complex and
are generally water soluble. Polyelectrolytes are used for coacervates. Apart from its general but useful
various applications like delivery of drug or flocculating applications, it also exhibits numerous applications when
agent in water treatment [2]. they are fabricated from natural polymers. 

Different types of structures can be obtained by the
combination of dissimilar types of polyelectrolytes. By Polyelectrolyte Complex (PEC): When oppositely
mixing different electrolytes, polyelectrolyte complex charged macromolecules  are  allowed  to  interact with
(PEC) can be formed. It may either by mutual mixing with each other,  polyelectrolytes  complex  or  polysalt
the substrate or it can be initially formed and added to the complex are formed. This usually involves interaction
substrate [3]. By selecting suitable PEM and PEC between  polymeric  acid  or  its salt and polymeric base
components, the substrate can be made functionalized by and its salt. This system may get separated into a dilute
using both structures. For example, polyelectrolyte can be phase and a concentrated phase which is a complex
synthesized to have various functionalities, such as coacervate phase, due to various factors. It may then
conductive, photo or thermo responsive or anti-bacterial result in somewhat more or less compact precipitate or gel
properties. Large numbers of substances are considered [1].

They consist of positive or negative charge on their
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Between oppositely charged particles like polymer- further swelling. The effect of electric field on polymers
polymer or drug-polymer or polymer-drug–polymer, some swelling behavior can also be studied [11].
association complexes are formed which are known as There are several aspects which affect the
polyelectrolyte complex. Electrostatic interaction may take characteristic of individual layer and the composition of
place in between these oppositely charged PEC like its thickness. Depending on the number of
polyelectrolytes (in solution form) [4]. Chemical cross- deposition steps, this polyelectrolyte system shows a
linking agents are not used and therefore toxicity is continuous linear growth, both in the thickness and mass
reduced and also the unnecessary effect of the reagent of the films [12, 13]. 
[5].

Electrostatic force is the main contribution to the PEC Theoretical Aspects of PEC’s: To explain the mechanism
formation. But others like hydrogen bonding in dipole of formation of PEC’s, various theories have been used.
forces, hydrophilic interaction also significantly On the basis of electrostatic forces and Flory-Huggins
contributes to their complexation process [6, 7]. When the mixing of free energies, polyelectrolytes have been
low molecular weight counter ions are released, there is a prepared [14-16]. There is no compatibility between the
gain in the entropy. It is the main driving force for complex spines of two polymers and therefore they repel.
formation. However, the type of interaction took place between the

PEC can be roughly divided into 2 types; a solution form which gets separated into two phases.

PEC of cationic and anionic polyelectrolytes. between the polymer backbones, it becomes prominent.
PE- surfs are complex of anionic polyelectrolytes and So, each of the two separated phases consists mostly the
cationic surfactant vice versa. same polymer. When the charge fraction is high, the

This process may take place in bulk solution or on happens because of the attractive electrostatic interaction
the interface of oppositely charged polyelectrolytes. So, amid the polymers. A balanced state is formed which can
basically two methods are utilized for PECs preparation be a mesophase at a transitional range of charge fraction.
[8]: Here, the separation of two polymers occurs at a

Mixing Method Basically, two types of complex formation are
Interface Complexation Method: The development and observed as per the stoichiometry of the mixture. It
steadiness of PEC’s are governed by less kinetics and consists of the relative concentration, relative chain
thermodynamic features. These features are molecular length and charge densities. One is in macroscopic phase
weight, charge density, temperature, ionic strength and separation between the solvent and the polymer and the
mixing ratio of polyelectrolytes [8]. The chemical other is a partial aggregation of the polymer chains [17].
composition of the polymers is not only the one which
impacts the properties of PEC’s like their molecular Formation of PEC’s: The process of formation of PEC
weight, but also stereochemical fitting and charge mainly requires three main steps [18]:
densities. But there are some subordinate experimental
conditions also like the concentration of the
polyelectrolytes before mixing, their mixing ratio, ionic
strength of the solution and their order of mixing etc.
which influence the properties of PEC’s [9, 10].

The high swelling capacity of PECs in aqueous
solutions is an important characteristic which makes it
archetypical. When they are compared from free polymer
coils, most of the PEC’s contain over 85% of the solvent
nicely [9]. They may provide tremendous approachability
to  bound  moieties  if  their  particle  size  is  kept  low.
The effectual cross-linking density of the PEC gets lower
by  the  shielding  of the part of the polymer bound ions.
If salt of low molecular mass is present, then it permits Fig. 1: Steps of formation of PECs.

polymers is govern by their charge fraction. They stay in

When the charge fraction is low due to the revulsion

polymer gets precipitated and a complex is formed. It

microscopic level.
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The first step is the formation of a primary complex. The removal of the color of water can also be done by
Coulomb forces are mainly accountable for this. Further, polyelectrolyte very effectively and they also ensure that
the second step is the formation process within inter the water produced is of considerable quality [20].
complexes. Here, new bond formation takes place and the Proteins and peptide drugs can also be delivered by
distorted polymer chains are corrected. The third step is the use of PECs. Solubility and the dissolution rate can be
intercomplex-aggregation complex, where secondary enhanced and boosted by their help and apart from these;
complexes are aggregated mainly through hydrophobic they are also incorporated into many foods and in the
interaction. concrete mixture. They can be used in a large number of

Structure of PEC’s: Based on their molecular weight, investigated as having biochemical and medical
stoichiometry and polyion groups, the structure of PEC’s applications as some of them are water soluble.
are divided into two as follows [4]:

Ladder like structures: These structures are prepared at some recent advancement in the field of drug delivery by
a very low concentration of PEC’s. Polyelectrolytes polyelectrolyte complexes formed with the help of
chains are present in an inadequate number. When chitosan and a natural polysaccharide [21]. Since chitosan
polyions of low or high molecular weight are combined is one of the extremely prevalent polysaccharides because
with a weak ionic group then these structures are of its many assuring features like its bio-friendly nature;
procured. Under certain stoichiometric situations where it is being greatly in use in the improvement of drug
their proportion is in consideration, molecular aggregation delivery system for numerous applications [22]. From the
may take place. There is insufficient ion pairing in these recent time, polyelectrolyte complex (PEC) has been
ladder-like structures. These structures help in providing contrived from natural polymers which are gaining more
a micro-sized product. and more interest. PECs can be instantaneously prepared

Scrambled egg model: High concentration of PEC is without the use of any cross-linking agents. As the
required for their preparation. This structure consists of complexes containing cross-linking agents require few
a great number of polyelectrolyte chains. In this, polyion more steps of purification, therefore PECs are more
of almost comparable molar mass are merged with the beneficial than them [23, 24]. PEC plays a vital role in
strong ionic group then these structures are procured. In providing a design to the drug delivery system for the
these structures, the formation of highly aggregated delivery of proteins from the most convenient route i.e.
complex took place. Also, abundant ion pairing occurs in oral route. The various applications of PECs with natural
these structures. Insoluble PEC’s are formed and Micro polysaccharides are given in Table 1.
and Nano-sized products are obtained.

Applications of PEC: PEC’s have many potential the solutions of different polymers through which
applications. Polyelectrolytes are mainly applied in the ‘coacervates’ are formed. Distinctive physical properties
modification  of  the  aqueous  solution  and  gel flow. and chemical properties are exhibited by these new
They can either be used in the maintenance of colloidal polymers. A solution of macromolecules containing two
suspension  or  flocculation  can be initiated by them. macro-ions oppositely charged into liquid phases and
They are thus often used as thickeners, emulsifiers, immiscible is complex coacervation. So to differentiate
conditioners, flocculants and even drug reducers [1]. from the simple coacervation which composed of single

They  are  used  in  the  treatment  of  water and for polymer, complex coacervation was created [39, 40]
the retrieval of oil. From all the methods used for the Coacervate is that liquid phase which is somewhat
treatment of water, Coimbra and Ferriera suggested that fairly concentrated. While, the portrayal of coacervation
the best method for the treatment of water is coagulation is sorted, but still the description of coacervates are in a
[19]. For the enhancement of the treatment process dilemma since macro-ion rich droplet’s metastable
capability, the particles can be removed by the help of suspension are sometimes referred by it. Coacervate is a
coagulation, which is a chemical treatment done before clear dense phase, which is a biphasic system refers
sedimentation and filtration. Coagulation and flocculation (denotes) a “coacervate suspension”. The coacervate
are the two steps which are commonly employed. shows numerous  enhanced  properties and is much more

materials which may include cement. They are also

PECs from Natural Polysaccharides: There has been

when polyelectrolytes of opposite charge are mixed

Coacervation: Non-ionic interaction takes place between
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Table 1: Applications of PEC based on natural polysaccharides
S.No. PEC with Natural Polysaccharide Applications Reference
1. Chitosan-Alginate Encapsulate low molecular drug, [25, 26]

Absorption proficiency of macromolecular drug is enhanced. 
2. Chitosan-Hyaluronic Acid Delivery of drug to mucosa is effectively increased, Their nanoparticles act as harmless [27]

carrier of drug to the ophthalmic surface application.
3. Chitosan-Pectin Confirming sustain release of drug, Act as Colon drug delivery system. [28, 29]
4. Chitosan-Carrageenan Provide controlled release of drug, Their multiple layer nano-coating system are [30]

utilized in food processing area, Aid in the immobilization of micro-organism
5. Chitosan-Xanthan gum Provide great ability for gastrointestinal delivery of drugs, The ability of bioadhesion is [31]

around three times increased. 
6. Chitosan-Gellan gum Encapsulated drugs are efficiently released, Chondrocytes are also encapsulated for [32]

cartilage tissue engineering.
7. Chitosan-Gum arabic Act as an exceptional emulsifier for the essential oils and flavors. [33]
8. Chitosan-Carboxymethyl cellulose Created a delivery vehicle for antibiotics and their activity is improved, [34]

Innocuous macromolecular carrier of antibiotics.
9. Chitosan-Gelatine Present in the form of sponges shows much better mechanical properties, [35, 36]

Analgesic effects seen in rats when implanted subcutaneously.
10. Chitosan-ã-poly (glutamic acid) In the presence of conjugated folic acid, their nanoparticles form may efficiently [37, 38]

penetrate A2780/AD ovarian cancer cells, Show hypoglycaemic action when loaded
with insulin in diabetic rats.

viscous and concentrated, than the initial solution. There Preliminary intrapolymer complex, 
is a possibility for the occurrence of coacervation even in Solvable aggregates.
the contrarily charged colloids for e.g. Proteins [41], or
dendrimers [42] and polyelectrolytes. Micelle distortion or Mechanism of Action: The prolonged interactions amid
their disintegration might tempt if they get bonded to soluble complexes give rise to PE-colloid coacervation
polyelectrolyte. The full maintenance of the structure of [47]. The recognition of different phase domains or
micelles conformation comes from: regions is possible if the colloid surface charge density

The micelle regardless of whether they exist in free, solution or to a biphasic system. A primary (interpolymer)
complexed or in coacervate form, there should be no complex gets to start forming at a critical pH by Bovine
emergence of change in their solubilizing Serum Albumin and PDAMAC. At low pH, they are
competence, originally free from any interaction when supplemented by
The micelle’s size when they are with coacervate. In a little increase in intensity.
some way, they show a strong influence on the The aggregation of a primary complex is designated
conditions for complexation and coacervation which when there is a second increase in the turbidity or a
is governed by the shape and size of micelles [43, 44]. decrease in mean diffusivity, once the complex net charge

For other colloidal systems, polyelectrolyte micelle coacervation is reached after this aggregation through
systems are like a model. This is because the micelles are which concentrated droplets can be observed. The lower
having a constant even shape and distribution of charge macro-ion charge compensation i.e. polarization is
and they are important to personal care products. Above exhibited  by  the  elimination of some transient regions.
all, these polyelectrolyte micelle systems are important in: So, the transition from soluble complex to the aggregates

The immobilization of enzymes, polyelectrolyte colloid systems can be a driving force for
Delivery of antigens [45], colloid association analogues to intermolecular dispersion
Stabilization of food products [46], forces.

There are a series of events sequentially arranged for Charge Neutralization: When macro ions charge gets
the association of polyelectrolyte colloid system involves: equal to one then the coacervation for many systems

Distinct (non-interacting) polymers or colloid. neutralization  [49].  The  charge  on the polymer begins to

gradually increased. This resembles to either colloidal

approaches electroneutrality [48]. A point of initial

gets induced by this. The eliminations of these regions in

inclines to be maximum which resembles the complex
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neutralize if the pH of the proteins gradually changes. ratio of colloid-polymer up to saturation. It is ensured by
This happens because of the increase in the protein the binding isotherm. Subsequently, an increase in this
binding and protein charge of the complex. can lead to coacervates improvement or may lower their

Zhang and Shlovskii [50] have explained the efficacy.
nonstoichiometric coacervation. When the stoichiometry
of the macroions charges differs from unity, a Applications: The technique of microencapsulation is one
macroscopic droplet (neutral) can be formed by the inter of the main applications of complex coacervation. So, for
or intra-complex disproportionation of the polyanion host the purpose of increasing the outcome of more
and polycation guest. encapsulation, surfactants were added. A primary layer is

In inter complex disproportionation; they involve formed by the interaction of the surfactant with an
some polycations to migrate so that some complexes can oppositely charged polymer. It reduces the surface
be turned to neutral. Thereafter, condensation is tension at the interface of oil/water, found by de Kruif [52]
facilitated by this neutralization into a macroscopic drop and Mayya et al. [53] and another polyelectrolyte-
while the other remained complexes turned still more polyelectrolyte complex layer is formed. But for the
strongly charged. Intra complex disproportionation implication of hydrogen bonds, the surfactant is used
involves the formation of a ”micro-droplet” by the with a rigid structure and due to this stable microcapsules
migration of polycations. It is a soluble aggregate and is are formed. For good encapsulation efficiency, rather than
partially neutralized. Excess of the charges are in precipitate form, the complex should be in a coacervates
repositioned to a distant region or a “charged tail” in this. form. Hydrophobic substances are primarily
This theory explained that even in slow compositional microencapsulated by complex coacervation. In this,
polydispersity system, there is an arousal of different polymers get interacted that consists of different
stoichiometric and non-stoichiometric coacervation. charges.

Requirements of Coacervation the formation of dehydrated products and the shelf life
Ionic Strength: For the onset of coacervation, there are might also extend. To obtain the dehydrated coacervates
some critical conditions which exhibit the dependence on microparticles, various techniques are used like Freeze
strong ionic strength. A concurrent increase in macroions drying, oven drying, water removal with solvents and
attraction is required for the increase in ionic strength to drying under room conditions.
prevail  (overcome)  screening. Coacervation in the Coacervates microparticles get destroyed and they
polyelectrolyte/mixed micelle system can both be do not withstand the spray drying without crosslinking.
enhanced and supported by changing salt concentration The water inside the particles obtained by complex
through changing the number of bound micelles [49]. coacervation may work as an additional protective layer

Stoichiometry: The mixing ratio of colloid: polymer and
the ratio of colloid: polymer within the complex or Recent Advancements
coacervate is referred by stoichiometry. In the case of Stable Electrospun Fibers Mats: Non-knitted fiber mats
weak binding or if one of them is in excess then free have been produced by a well-known technique of
polymer may exist. So, these bulk and micro stoichiometry electrospinning. They are used for various applications
do not need to be similar. When all the ionic species such as scaffolds for tissue engineering and as
including the contribution of all small ions gets combined, nanoparticles [54, 55]. The fibers of nano- or microscale
coacervation may occur. It allows the formation of neutral diameter were arbitrarily collected and were present in
or partial neutral aggregates. In salts absence particularly, these  mats.  They had some distinctive features [56, 57].
for polyelectrolytes having high charge density and when A huge number of polymers were electrospinned for these
bulk stoichiometries ([+]/ [-]) =1, then neutral in charge mats but there were some problems linked with green
and free from counter ion precipitates are formed. This is processing. The incapability of the polymer to get
the main concept about “colloid titration” [51]. Now, even dissolved in water was the difficulty. Along with this, for
in the presence of salt, the particles of colloid which are the formation of fiber, the least amount of polymers was
bound per polyelectrolyte chain will increase with mixing required.  However, the water-soluble polymer was proved

The use of dry coacervates microparticles are used in

to retain the hydrophobic core ingredients.



African J. Basic & Appl. Sci., 9 (6): 311-319, 2017

316

to be charged and is present in a limited quantity. High itself from blood circulation. It also leaves its traces in the
viscosity is also one issue with this. Polyelectrolyte kidney after administration. So, a nanosized PECs were
solution shows a higher degree of viscosity when there formed with CRDS and chitosan in aqueous solution.
was an absence of salt. So, to circumvent this issue, Nano-CRDS/CS was evaluated for the controlled release
neutral polymer were blended into the polyelectrolyte of Zidovudine drug (3’-azido-2’, 3’- dideoxythymidine,
electrospinning solution [58, 59]. This neutral polymer AZT). This CRDS/CS PEC show application of controlled
works by increasing the concentration of polymer without release of AZT drug. 
showing any change in the viscosity of the solution.
Again an issue arises regarding cytotoxicity as both salt CONCLUSIONS
and neutral polymer, require crosslinking agents to
provide robustness to mats. The cytotoxicity prevented Polyelectrolyte  complexes  are   potentially  been
the wide use of these mats in progressive materials. used  in  pharmaceutics,  ecology  and medicinal fields.
Various approaches were attempted by the researcher. They  are  becoming  more  and  more  attractive  because
Then, complex coacervates were used in contrast with of their  fundamental  properties  and  yet  more  work is
solid polyelectrolyte complex. The efficacy of these still  in  progress  so  that   they   can   be   applied to
materials was enhanced as it consists of low surface other  fields  as  well.  Non-ionic interactions are the
tension with water. These prove to be beneficial for source  for  the  formation  of  coacervates which took
encapsulation in the food industry [60, 61], nucleic acid place  between  different  polymers.  PECs  and
delivery. Sometimes, there is a requirement of solid coacervates  consist   of   many   distinctive  properties
materials. As these complex coacervates have liquid and  applications.  They  are  also  capable  of  providing
nature, so they are not capable to show these a  more  improved  system  of  drug  delivery as they are
applications. now  fabricated  with  the  help  of  natural

A solution was suggested by Pergushov and polysaccharides  because  of   their  biocompatibility.
coworkers that liquid coacervates can be plasticized by PECs are obtained from oppositely charged polymers in
reducing the quantity of salts. Through this, liquid state aqueous solution for the development of controlled drug
of a complex can be transformed to solid rods ready to be delivery system for future aspects. They show various
applied in various fields. This made them remarkably applications in the delivery of drugs and also many other
stable and evades the requirement of purification for the properties when PECs are prepared from natural
removal of toxic solvents. So, these complex coacervates biopolymers.
were then directly electrospinned from the solution. With
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