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Abstract— Polyelectrolytes are polymers of oppositely charged 

ions and their properties differ profoundly than their repeating 

units. Over recent years, much advancement has been made in 

the synthesis, characterization and application of 

polyelectrolytes and polyelectrolyte complexes (PECs). There 

are two kinds of PECs structure: ladder-like structure and 

scrambled egg model. There are number of elements that 

influence the synthesis and stability of PEC. Polyelectrolyte 

complexes are classified based on the type of macromolecules 

and bonds involved in complexation. It has many applications as 

flocculation agents, dispersant agents and super-plasticizers. 

This present article focuses mainly on the polyelectrolytes and 

polyelectrolyte complexes, their preparation and uses. 

 

Keywords—Polyelectrolytes; polyelectrolyte complexes; 
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I. POLYELECTROLYTES  

Polymer compounds which bear total positive or negative 

charge at pH 7 are known as polyelectrolytes. Those 

numerous substances which have ionic group bearing positive 

or negative charge on their surfaces has taken into account as 

polyelectrolytes. Some naturally available polysaccharides 

obtained from vegetables such as acacia, tragacanth, alginic 

acid and pectin have the carboxylic groups on them, which 

get ionized in pH greater than or equal to 7. A copolymer of 

acrylic acid known as carbomer is present in artificially 

prepared carboxylated polymer [1]. The positive or negative 

charges on the monomer units of the PE are compensated by 

oppositely charged smaller counter ions which tries to 

maintain electrical neutrality in the solution. Small negatively 

charged ions get accompanied by the positively charged 

polyelectrolyte present in the solution. Similarly, small 

positively charged particles can be joined with negatively 

charged PE [2]. If there occurs the little separation of ionic 

groups of PEs then there may be some extraordinary changes 

in their characteristics, however, PEs acts like ordinary 

macromolecules in an uncharged state. Because of 

incomplete or complete separation of ionic groups, the 

electrostatic force of attraction can emerge and could prompt 

changes of polymer properties. If any new charged group is 

introduced, then characteristics of polyelectrolytes, for 

example, viscosity, solubility, pH, the dissociation constant, 

ionic strength, diffusion coefficient, among others, can be 

changed [3]. The ionic strength of the solution significantly 

impacts the PE characteristics. At lower ionic strength, due to 

repulsive interactions between the molecules, in solution, 

polyelectrolytes slant toward an extended form. But PE will 

become thicker if the ionic concentration of the solution 

increases. Because of this uncommon nature, polyelectrolytes 

have critical significance in different pharmaceutical and 

biomedical applications, because that there can be various 

degrees of sizes, viscosity, stability, or morphology for 

polyelectrolyte complex (PEC) dispersions [4]. Some 

common examples of polyelectrolytes are poly (acrylic acid) 

(PAA) and poly(methacrylic acid) (PMA) and their salts, 

sodium polystyrene sulfonate, DNA, RNA, and other 

polyacids and polybases. If the polymer has both negative 

and positive groups after the disintegration of charged groups 

on the polymer's backbone, then these polyelectrolytes are [5] 

called polyampholytes. Some examples of this polymer 

include denatured proteins (e.g., gelatin), proteins in their 

natural condition, for example, bovine serum albumin or 

histone proteins, and synthetic copolymers made of 

monomers with acidic and basic groups. Relying on the pH of 

the solution, these PEs may be anionic, cationic, or neutral in 

the solutions. 

Charged polymeric systems drew the researcher's interest 

because of their important role in the various areas, extending 

from materials science and colloids to biophysics [6]. The 

molecular weight and charge density are two important 

properties of PEs, which are quite different properties from 

the molecular structure of the polyelectrolytes. They have the 

ability for application in numerous businesses relying on the 

degree of electrical charge, distributions of charge and range 

of molecular weights [7].
 

The development in the study of 

these polymeric frameworks has led to the utilization of 

polyelectrolytes as rheology modifiers, adsorbents, coatings, 

biomedical implants, flocculants for wastewater treatment, 

colloidal stabilizers, and suspending agents for medicine 

delivery systems. Truth be told, the settling properties of 

polyampholytes were perceived by Faraday over 150 years 

prior, where the solution of gold colloidal particles was 

stabilized by gelatin (a polypeptide protein). Toward the start 

of the twentieth century, this property of gelatin was 

effectively executed by the photographic business to balance 

out silver bromide sols [8-10]. Furthermore, the factor by 

which DNA interacts with histones and responsible for 

bundling DNA with chromosomes is the presence of the 

charged groups on the DNA molecule [11, 12]. 

II. CLASSIFICATION OF PES 

PEs are a type of polymer bearing dissociated ionic groups 

and are a fascinating class of macromolecule. These 

molecules exhibit interesting phenomena owing to their dual 

character of macromolecular chain plus high charge. PEs can 

be classified in various ways [13]. Based on origin, they are 
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classified as natural, synthetic and chemically modified 

natural polyelectrolytes. For example, proteins are natural PE, 

poly(styrene sulfonic acid) is synthetic and xanthan gum is 

chemically modified natural PE. Based on charge 

(electrochemistry), PEs are divided as polycations(polybase), 

polyanions(polyacid) and polyampholytes. PEs are grouped 

into strong and weak polyelectrolytes based on charge 

density. Strong polyelectrolyte gains spontaneously full 

charge, while weak polyelectrolyte is only partially charged 

on dissociation. For example, poly (vinyl sulfate) is strong PE 

and poly(ethyleneimine) is weak PE. 

Depending upon their shape, they are classified into spherical 

and rigid rod polyelectrolytes. Globular proteins are the 

examples of spherical polyelectrolyte and poly(p-phenylene) 

is a rigid rod-shaped polyelectrolyte. Based on the position of 

ionic sites (i.e. architecture), they are classified as linear, 

branched and crosslinked polyelectrolyte. For linear 

polyelectrolyte, if ions are present in the backbone of the 

polymer then it is known as integral and is called pendant if 

ions are present in the inside-chain of the polymers. The 

different known branched structures are comb-like, stars 

(regular and irregular), H-shaped, super H-shaped polymers 

and dendrimers. polyelectrolytes could also be distinguished 

upon their composition. Homopolymers are prepared by 

cross-linking of only one type of small ion or monomer, 

while copolymers are synthesized by cross-linking of two 

different types of monomer units. 

III. PREPARATIONS OF POLYELECTROLYTES 

To produce polymeric substances, free-radical polymerization 

is the most used industrial method, inclusive plastics, rubbers 

and fibers production. This method is comparatively tolerant 

to functional groups on the repeating units as ionic moieties, 

ligands, nucleophilic and electrophilic sites, acids and bases, 

and is possible to operate in various solvents. Numerous 

impurities, even water are not a genuine issue. This method 

does not require confusing procedures and modern types of 

gear to work under strict humidity-free situations. 

Polymerizations should even be possible straightforwardly in 

(water functioning as a solution, bulk, precipitation, 

suspension, or emulsion) given that oxygen is rejected. This 

method can be performed in a wide temperature range, 

relying on the monomer-initiator couple [14]. 

A. Solution polymerization  

This polymerization procedure happens in solvents bearing 

both polymers and monomers. The rate of polymerization and 

the characteristics of the polymer thus obtained are controlled 

by factors like solvent type, pH, temperature, surfactant, 

chain-transfer agent, and complexing agent [15]. 

B. Bulk polymerization 

This polymerization procedure is done without solvents or 

diluents. By this technique, high-molecular-weight polymers 

can be prepared. Since, only monomers and, if necessary, 

initiators and catalysts are used so thus obtained polymers are 

extremely pure. The reusing and purification of solvents or 

dispersants and also the discard of liquid wastes are not 

required in this method, so economically and ecologically it 

has great advantages. Then again, significant challenges in 

running the procedure are frequently brought about by the 

evacuation of the heat of polymerization and the treatment of 

the thick reaction mixtures. Besides, polymerization in a 

profoundly viscous medium shows side responses, for 

example, chain transfers. 

Bulk polymerizations are classified as homogeneous and 

heterogeneous reactions. Inhomogeneous bulk 

polymerizations, the polymer remains dissolved in the 

monomer, but in heterogeneous bulk polymerizations, the 

formed polymer is insoluble in its monomer [16]. 

C. Precipitation polymerization 

In this method of polymerization, precipitation occurs as the 

polymer is prepared. Acetone, acetonitrile, dioxane, ethanol, 

tert-butanol, and Tetrahydrofuran (THF) are used as organic 

solvents for polymerization or aqueous organic media serve 

as solvents for monomers and non-solvents for polymers 

[17]. Toward the start of the process, the reaction mixture is 

homogeneous, though, during the procedure, precipitation of 

the polymer happens, and the process continues under 

heterogeneous conditions. Persulfates, perborates, benzoyl 

peroxide, Azobis iso butyronitrile (AIBN), and redox systems 

are used as initiators. As the reaction medium never gets 

viscous in precipitation polymerization, this process is done 

10–30% acrylamide solutions [18]. The obtained polymer, 

which is in high yield and has a generally high molecular 

weight, is filtered and dried. 

D. Suspension polymerization 

In the presence of stabilizers, when aqueous monomer 

solution is dispersed in an organic solvent and stirred 

mechanically, a suspended system is gotten [19]. The size of 

droplets in the aqueous monomer solution varies in diameter 

within the range of 0.1 to 5 mm for the preparation of 

dispersion medium, hydrocarbons (aliphatic or aromatic, or 

their mixtures) with carbon number 6-10 can be used as the 

organic medium. For initiation of polymerization, UV or 

gamma radiation can be used, or even common initiators are 

enough. The factors affecting the suspension may be the 

hydrophile-lipophile balance of the stabilizer, its distribution 

between the aqueous and organic phases, and temperature. 

The nature of the stabilizer and is concentration determines 

the rate of polymerization and their molecular weight [15]. 

E. Emulsion polymerization 

This polymerization requires the charging of the reactors with 

a solution of emulsifier in an organic medium. During this, 

the aqueous solution containing 20-60% monomer 

concentration is scattered in an organic solvent by continuous 

stirring. The solution of the emulsifier is cleansed by nitrogen 

and thermostated at 30⁰C to 60⁰C. At that point, the solution 

of the initiator is mixed with the reaction mixture, and the 

polymerization is done for 3 to 6 hours. The concentrated 

latex can be obtained by heating under vacuum [7].  

 

IV. MECHANISM OF POLYELECTROLYTES 

INTERACTION 

The various ways by which polymers interact with particles 

in aqueous solution decide the stability or instability of the 

dispersions. Stability refers that staying off the particles in a 

dispersed state for a long period rather than an aggregation of 

particles. The three primary processes that advance 
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flocculation: polymer bridging, charge neutralization, and 

polymer adsorption, destabilized the particles in solid-liquid 

phases [20, 21]. 

A. Polymer bridging 

Polymer bridging refers to the destabilization process in 

which polymers particles get attached to form aggregates. 

There are two unique types of bridging which involves the 

negatively or positively charged polyelectrolytes and colloid 

particles. These involve polymer bridging between materials 

with the same charges or oppositely charged. Bridging of 

high-molecular-weight anionic and cationic polyelectrolytes 

respectively with negatively charged colloid particles are two 

kinds of the same and different interactions. 

Bolto and Gregory [20] presented that macromolecules with 

linear chains of high-molecular-weight are the best for 

bridging and that charge density has a great effect on the 

bridging phenomena. On account of anionic polymers having 

high charge density, trouble would arise in adsorbing onto 

similarly charged particles, because of repulsion. However, 

repulsion within charged segments leads in the increment of 

chain length, so some level of charge is suitable which thusly 

should upgrade the bridging effect. Consequently, for the 

bridging flocculation of particles with a negative charge and 

anionic polymers, there is an ideal charge density. 

B. Charge neutralization 

A large portion of the naturally available polyelectrolytes are 

anionic, and positively charged polyelectrolytes adsorbed 

strongly on negatively charged polyelectrolytes by a charge 

neutralization method. Then again, the negatively charged 

polyelectrolytes adsorbed strongly on cationic 

polyelectrolytes by the same process. Thus, the positive 

charges along the polyelectrolytes chains of the cationic 

polymers are the best flocculant from the application 

perspective. The neutralization of charges and destabilization 

of the system is caused by the interaction of oppositely 

charged polymers with each other. For this situation, the role 

of the molecular weight of the polymer is less significant than 

the role of charge density of the polymer. Thus, polymers 

with low-molecular-weight and high charge densities 

successfully adsorb the oppositely charged polymers in solid-

liquid phases [20]. 

C. Polymer adsorption  

Various kinds of interaction mechanisms are involved in the 

adsorption of polyelectrolytes on the dispersed particles. On 

broad classification, polymer adsorption mechanisms are of 

two types: physical and chemical adsorption, relying on the 

kind of interaction involved [22]. Weak interaction is usually 

physical adsorption and includes small energy changes. 

Chemical adsorption is strong interaction and covalent 

bonding among the adsorbate and surface particles is 

responsible for this adsorption. 

 

V. FACTORS AFFECTING THE MECHANISM OF 

INTERACTION 

Polyelectrolytes are polymer carrying positive or negative 

charge along the polymer chain and are water-soluble. These 

polymers are anionic or cationic depending upon the charge 

carried by them. They are accessible in a large range of 

molecular weights and charge densities. Polymers that do not 

bear any charges on them are also taken into account as 

polyelectrolytes, for example, homopolymers of acrylamide. 

These are known as non-ionic. 

The elements influencing the selection of the proper PEs for a 

given procedure are [23-25]: 

1. The characteristics of the substrate: 

a) Organic/inorganic content 

b) Net surface charge density 

c) The solids content of the substrate 

d) pH of the substrate 

e) The Temperature of the system (Brownian motion) 

2. The final product to be accomplished: 

a) Quick separation of the solid substance from the liquid. 

b) Clarity of the isolated liquid. 

3. Dynamic and shear effects: 

a) Mixing /conditioning of polymer and substrate 

b) Nature of the shear forces related to the dewatering 

instrument employed. 

VI. POLYELECTROLYTES IN SOLUTION 

In solution, polyelectrolytes ionize giving birth to a polyion 

having numerous charges, linked by a proportionate number 

of small counterions. PEs are generally soluble in aqueous 

solution and the discussion below primarily refers to 

polymers in water. A few polyelectrolytes are dissolvable in 

solvents other than water and their impacts have been studied 

in polar organic solvents such as dimethylformamide [26]. 

There are some studies in which polyelectrolytes are 

dissolved in the binary mixed solvent media [27-34]. In the 

case of no ionization, the polymers act basically as a nonionic 

polymer. 

A. Chain expansion 

Polyelectrolytes are almost rod-like in pure water at low 

concentrations, but when salt is added, the degree of 

expansion decreases because the polymer charges are 

shielded from each other to some extent. 

Also, chain expansion depends on the degree of 

neutralization of weakly acidic or basic polymer. An increase 

in charge density expands the chain smoothly for poly(acrylic 

acid), but the chain of poly(methacrylic acid) undergoes high 

expansion [35,36]. Ampholytic polyelectrolytes sometimes 

show different characteristics, and increasing salt 

concentration may expand chain length [37]. 

B. Polyion-small ion interactions 

Ions formed by dissociation of PEs are not evenly distributed 

in the solution but remain in the neighborhood of polyion, 

creating an ionic environment. Many researchers have agreed 

on the approach of the Debye-Huckel theory of simple 

electrolytes, and some used the Poisson-Boltzmann equation 

to determine the electrostatic potential around the polyions. 

While some researchers consider polyion as a charged 

cylinder or worm-like chain and reported that above critical 

charge density, the counter ions condense. For uncondensed 

counterions, the Debye-Huckel theory is used. The most 

recent approach is the hypernetted chain integral equation and 

computer simulation method [38]. 
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C. The Donnan effect  

Donnan [39] in 1911, first described the effect which was 

seen due to the electrical neutrality in the solution and equal 

activities of dissociated components on either side of the 

membrane at equilibrium. Donnan effect is often suppressed 

by the addition of salt. This effect not only arises when a 

membrane is present but also when there is a presence of a 

boundary between polymer-rich and polymer-poor solutions. 

VII. MOLECULAR WEIGHT DETERMINATION 

Molecular weights of polyelectrolytes can be determined in 

two ways, primary and secondary methods. Primary 

techniques involve colligative properties, static light 

scattering and sedimentary equilibrium, and these methods 

give absolute values. Viscosity and size exclusion 

chromatography (SEC) are secondary methods, which are 

more straightforward but calibration is required. Limiting the 

sedimentation coefficient and a limiting diffusion coefficient 

is also considered as secondary methods. However, by 

combining the two can provide absolute values. 

Above mentioned methods require the aqueous solution of 

PEs and it should be 'molecular' and 'dilute'. Some PEs tend 

to assemble in solution and the transition of solution from 

dilute to semi-dilute of some commercial PEs of very high 

molecular weight fall in the range of concentration generally 

used for the experiment, so much care is required while 

preparing the solution. 

For primary methods, the exact weight concentration of the 

PEs must be known. Moisture and impurities both should be 

taken under consideration while determining molecular 

weight. For example, commercially available sodium 

(polystyrene sulfate) (NaPSS) contains about 10% of 

moisture by weight and 40% inorganic sulfate [38]. 

The presence of salt is usually required for above-mentioned 

methods, but the excess quantity of salt may lead to phase 

separation and salt with divalent ions promote phase 

separation more effectively. One of the popular methods for 

determination of the average molecular weight of 

polyelectrolyte from viscosity measurement was found in the 

literature [40]. 

 

VIII. CHARACTERIZATION OF 

POLYELECTROLYTES 

Properties of PEs are characterized based on their 

macromolecular and electrochemical characteristics [41]. 

A. Macromolecular characterization 

a. Chromatographic techniques 

Field flow fractionation, electrophoresis and SEC methods 

are used to characterize the macromolecular properties of 

PEs. 

b. Osmotic pressure 

The vapor pressure technique is used to determine the molar 

mass of polyelectrolytes. Due to the dissociative nature of 

PEs, their osmotic pressure varies frequently. 

c. Light scattering techniques 

In the solution, largely employed methods to characterize PEs 

are light scattering. Complete information on the size of 

particles, shape and mass of the dispersed matters, particle-

solvent interaction and polydispersity can be known from this 

method.  

d. Ultracentrifugation 

This analytical technique is used to determine the molar mass 

of PEs in the range of 100 to 108 g/mol. The sedimentation of 

macromolecules occurs when a centrifugal force acts on PEs 

solution at higher velocity. The molecular weight and 

sedimentation velocity are related to each other. 

B. Electrochemical characterization 

a. Potentiometric techniques 

These techniques are used to determine the activities of H+ 

ions, using selective and reference electrodes. To characterize 

PEs, the common calculations involve pH, pKa and degree of 

dissociation. 

b. NMR spectroscopy 

To determine the component involved in PEs, this method is 

employed. Extra information regarding molecular dynamics 

can be known by this technique. 

IX. APPLICATION OF PES 

A. Drinking water treatment 

To make natural water potable; the color, odor, taste, scale-

forming matters, corrosive particles and solid substances 

should be removed to the required healthy level. This process 

includes removable of bacteria, algae, viruses, soluble and 

insoluble matters from natural water. To remove the latter 

two substances cationic polyelectrolytes of low molecular 

weight and high charge density are used [42]. 

B. Sewage treatment 

The main issue in sewage treatment is to remove suspended 

solids from water and bioactive substances from thus 

obtained water. Polyelectrolytes are mainly used in the sludge 

dewatering step but also can be used in different stages of 

sewage treatment. Sewage sludge contain a higher content of 

suspended solids than that of naturally occurring water, so a 

high molecular weight PEs like poly(acrylamide) is used 

[42]. 

C. Industrial raw and processed water treatment 

The methods to remove solid particles from industrial water 

involve the same techniques as for potable water treatment, 

the cationic PEs with high charge and low molecular weight 

is used [42]. 

D. Papermaking 

Polyelectrolytes have various uses in paper or paper board 

making. Improving retention and drainage on the paper 

machine, improving dry and wet-strength of paper can be 

done by PEs [42]. 

E. Mineral processing  

Flocculants facilitate the thickening of froth and clarification 

steps by which solids and liquids can be separated. In 

metallurgy, gangues are separated as a solid phase from the 

minerals remaining dissolved in the solution. The coal 

industry used both cationic and anionic PEs along with some 

natural polymers [7]. Polyelectrolyte with high charge density 

and high molecular weight, like hydrolyzed poly(acrylamide) 

(HPAM) is utilized to separate red mud from dissolved 

alumina to extract Al-metal form it's Bauxite ore [43]. 
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F. Enhanced oil recovery (EOR) 

In the EOR process, high molecular weight Hydrolyzed 

Polyacrylamides (HPAM) are used to increase the viscosity 

of water above the oil layer and can enhance the sweep 

efficiency during recovery. Polymer flooding involves the 

injection of PEs solution into the oil well to remove the oil of 

lower viscosity [44]. 

G. Drilling fluid additives 

The main objective of drilling mud is to enhance the 

efficiency and rate of drilling, but not destroying the capacity 

of the well. PEs are either used to increase or decrease the 

viscosity of mud under the drilling shear conditions. 

Polyacrylamides or polyacrylates of low to medium molar 

mass are used as fluid additives to prevent the separation of 

liquid from gel [42]. 

X. HISTORY  OF POLYELECTROLYTE 

COMPLEXES(PECS) 

Since the beginning of the 1930s, PECs have attracted 

researchers through the research of Bungenberg de Jong et. 

al. who obtained some colloidal complexes after the 

interaction of some natural polymers in water, which is 

known as complex coacervates [45]. Since the beginning of 

the 1960s, insoluble synthetic PECs were obtained with 

several high linear charge density. Michaels et. al. [46] 

broadly described a large number of characteristics of such 

complexes, which includes the swelling and plasticizing 

characteristics in aqueous solution. 

Kossel [47] in 1896, for the first time, realized the role of 

electrostatic interactions on the complexation of natural 

polymers, he presented that the electrostatic forces were the 

principal cause for the phase separation in the solution 

containing oppositely charged proteins and carbohydrates. 

But, much intense research and development of PECs only 

begin in 1961, when Michaels et. al. synthesized and 

characterized stoichiometric complexes of synthetic polymer-

poly(4-vinylbenzyltrimethylammonium chloride) associated 

with NaPSS [48]. 

XI. POLYELECTROLYTE COMPLEXES (PECS) 

The term polyelectrolyte signifies a class of macromolecular 

compounds, which gets aggregated spontaneously or can be 

made to aggregate to obtain a large amount of basic charges 

dispersed along the macromolecular chain, when gets 

dissolved in an appropriate polar solvent, usually water [49]. 

The ability to form assemblies with appropriate partner 

species is a significant characteristic of water-soluble 

polyelectrolytes. The aggregation of solutions (in water) of 

polyanions with polycations or cationic surfactants gives 

water-insoluble precipitates so-called polyelectrolyte 

complexes (PECs) or polyelectrolyte surfactant complexes 

(PESCs) [50]. The system gets separated into a dilute and 

concentrated complex coacervate phase because of its 

dependence on various factors, or it might also form a more-

or-less compact precipitate or gel. The PECs can likewise 

remain in solution. As the electrostatic attraction is the main 

attractive force, yet other forces like hydrogen bonding, 

dipole-dipole interactions and hydrophobic interactions 

usually play an important role in deciding the final structures 

[51, 52]. Since PECs are well tolerated, biocompatible and 

sensitive to changes in natural conditions, they show a clear 

point of interest in the medical field, like for controlling drug 

release. The degree of ionization of each of the polycations 

and polyanions, the charge distribution over the PEs, the 

concentration of the PEs, the ratio of mixing, the nature and 

position of the ionic groups, the molecular weight of the PEs, 

the flexibility of the polymer chain, temperature, ionic 

strength and pH of the reaction medium determine the 

synthesis and stability of PECs [53]. 

Generally, the backbone chains of polycations and polyanions 

are irreconcilable and mostly repel one another. However, 

complexation between polyions could occur because of the 

polymer friction charge. The polymer/macromolecule/PE 

backbone repulsion is significant when the friction charge is 

low, as indicated by the Flory- Huggins interaction theory. 

Under this situation, the solution isolates into biphasic 

interfaces, each consisting of one of the polymers 

significantly. Under the influence of medium friction, the 

equilibrium condition can be a mesophase where the two PEs 

just isolate infinitesimally. The electrostatic force of 

attractions among the polymers imposes and they get 

precipitated out to form PECs for the high charge fraction 

[13]. 

In contrast with other polymers, PECs have peculiar 

characteristics. They are insoluble in almost all generally 

used common solvents. Based on the moisture percentage, 

their elasticity differs. PECs become hard and fragile under 

dry conditions, while they become elastic under wet 

conditions. Macroparticles cannot pass through the PECs but 

are permeable to all electrolytes. 

Not only the chemical composition of the polymers (their 

molecular weight, stereochemical fitting, charge densities, 

etc. but also the secondary experimental conditions like the 

concentrations of the polyelectrolytes before mixing, their 

mixing ratio, ionic strength of the solution, mixing order, etc., 

influence the characteristics of PECs [51, 52]. 

The formation of PECs unavoidably prompts lost 

translational and conformational entropy of the polymer 

chain, which must be compensated if polymerization is to 

occur. During the formation of the first bond between two 

oppositely charged polyelectrolytes, entropy loss is largest 

but is very small for other neighboring bonds. The change in 

enthalpy per bond because of the reaction between monomers 

is usually constant, and at a certain chain length or sequence 

length, the formation becomes energetically favorable [54, 

55]. Interactions like Van der Waals forces make a decent 

sterical fit among the polymers, which is essential for 

complexation to happen, promoting greater demands on the 

chemical structure and tacticity of the polymer. The PECs 

formed have properties like that of crystals and their degree 

of order is high, and have a quite a dense structure. These 

restrictions are presumably the primary factors behind the 

modest number of such stereocomplexes known as of not 

long ago [54]. 

A wide scope of utilization in various technological and 

scientific fields viz. medication, drug storage, biotechnology, 

cell culture, biomaterials, biomedical, beautifiers, etc. are 

allowed to PECs, because they can be formed with the 

various number of structures and properties [41]. PECs have 

gained interest in pharmaceutical and biomedical exploration 
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because they are biodegradable, biocompatible and 

nonpoisonous [56].   

XII. SYNTHESIS OF PECS 

Although PECs can be obtained by the reaction between 

macromolecules due to a series of secondary forces of 

attraction, the generally obtained complexes to deal with are 

those formed by the aggregation of polycations and 

polyanions. The effect of various attractive forces should be 

taken into consideration, even in these complexes. 

In its early stage, the process of formation of PEC can be 

observed as the total influence of two oppositely acting 

processes [51], namely: 

i) Electrostatic charge compensation guides polyanions 

and polycations to complexation and this 

happen regarding co-operative impacts initiating 

conformational changes helpful for mutual 

charge compensation. 

ii) A 'chaotic' charge assembly of oppositely charged 

polyelectrolytes with only partial mutual charge 

compensation and an extensive number of ionic 

sites still charge compensated by Low 

Molecular Weight (LMW) counter-ions. 

The general process of PEC synthesis includes three main 

steps: 

(i) Random primary complex formation 

(ii) Ordered secondary complex (Intra complex) 

formation 

(iii) Inter complex aggregation 

The initial step continues with the formation of secondary 

attractive forces, for example, Coulomb's forces following the 

combination of polycations and polyanions solution. This 

process is very fast. The subsequent step occurs within an 

hour and includes the arrangement of new bonds as well as 

the remedy of the deformation of the polymer chains to 

characterize new arrangements of the polymer chains. The 

last step includes the assembly of secondary complexes, 

primarily through hydrophobic interactions. Thus-obtained 

PECs are not soluble in common solvents, and the polymer 

components in the assembly are a molar ratio of unity [57]. 

The final assemblies of the PECs are not soluble in ordinary 

solvents. 

A. Polyelectrolytes using new synthetic methods  

Late improvements in the manufacture of polyelectrolytes are 

featured, concerning the behavior of ionic gatherings, 

polymer backbones, manufacturing ways, and extra 

usefulness given to polyelectrolytes. Laschewsky [58] gives 

the specific consideration to strong polyelectrolytes, and 

recent techniques for controlled polymerization (CP), called 

click reactions, which have empowered the novel 

specification of polyelectrolytes. Here, the more and more 

developing strategies of the so-called CP, specifically of the 

controlled free-radical polymerization (CFRP) techniques, 

have given a significant push to make new polyelectrolytes 

recently. 

 

a. Synthesis by 'click chemistry': 

The term 'click chemistry' was first-authored by K.B. 

Sharpless in 1998. Click chemistry is another type of organic 

compound formation, or, perhaps more precisely, the 

revitalization of an old style of organic synthesis whose 

reason for existing is to quicken the revelation of substances 

with helpful properties, new medications being the limelight. 

It is not a specific reaction but describes the natural process 

of synthesis [59]. Click chemistry combines characteristics 

like modularity, insensitive to solvent parameters, high yield, 

insensitivity towards oxygen and water, regiospecificity and 

enormous thermodynamic driving force to support a single 

reaction product [60]. 

Presently, the most popular “click” reaction is the copper(I)-

catalyzed azide-alkyne 1,3-dipolar cycloaddition [61]. 

 

b. Synthesis by controlled free radical polymerization 

(CFRP):  

The CFRP strategies [62] have reformed the manufacture of 

polyelectrolytes in the past decades. Because of the greater 

resistance of radicals toward electrophiles just as 

nucleophiles, FRP is fated for manufacturing charged 

polymers, also in the aqueous medium, which does not 

require protecting groups or additional modification of 

polymers that change the well-structured neutral precursor 

polymer into the required polyelectrolyte. The CFRP methods 

have in this way given immediate access to polyelectrolytes 

with beforehand inconceivable characteristics, for example, 

predefined molar masses, limited molar mass conveyances 

and very much characterized (and functional) end groups. 

Significantly, CFRP is different in permitting the preparation 

of block copolymers, in which each block is a statistical or 

even random copolymer, as shown for complex 

polyelectrolytes effectively, utilizing the reversible expansion 

discontinuity chain move polymerization (RAFT) strategy 

[63]. RAFT is seemingly the most adaptable strategy among 

the different CFRP procedures amount manufacturing the 

charged polymers. 

B. Layer-by-Layer (LbL) assembly  

Around a hundred years ago, the investigation of 

polyelectrolyte complexes started [45] but is being revived a 

short time ago on account of many different types of work 

that require immense knowledge of the field. One such line is 

the layer-by-layer (LbL) aggregation of electrolyte units, 

invented by Decher [64], which leads to many possible 

applications in the fields of catalysis, membranes and 

biomedicine. 

Using this technique, consecutive layers of oppositely 

charged polymers are saved onto a solid substrate, for 

example, silica particles [65], sodium poly(styrene 

sulfonate)/poly(allylamine hydrochloride)/poly(diallyl 

dimethyl ammonium chloride) [66]. The multilayers are 

subsequently stabilized by the electrostatic interactions 

present in the PEC. Amorphous natured multilayers can be 

blend with charged substances, for example, drugs and 

proteins. Pérez-Anes et al. [67] effectively unite chitosan and 

poly-β-cyclodextrin over the surface of titanium and stacked 

with gentamicin to aim perioperative infections by LbL 

aggregation. 

The benefit of the LbL technique is that the obtained PECs 

are stable and the utilization of the layers involves coating 

matters [68], this procedure is slow and a smooth surface is 

required for the aggregation of the following polymer layer 

[65, 68]. 
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C. The solution method  

This is generally utilized strategy for PEC formation, in 

which polymers are dissolved in water or solvents before they 

are combined. Limiting the utilization of organic solvents and 

focusing on water as the main solvent, in most cases, gives a 

stimulus for utilizing PECs in pharmaceutical businesses. To 

encourage the PEC synthesis, which happens by electrostatic 

attraction between polycations and polyanions in solution, the 

polymers must be charged [23]. 

It is a simple technique for the formation of PECs because of 

the precipitation of the complex immediately after formation, 

yet a portion of the polymers and medication are lost in the 

supernatant solution during formation [23, 69]. 

D. Melt Extrusion  

This process includes an extruder that liquefies and combines 

the polymers and excipients utilizing heat, stacked into the 

extruder. The utilization of solvents to prepare the complexes 

having drugs by this method does not need the utilization of 

solvents. The crystal lattice should not be broken, so the 

medication is molecularly scattered inside the polymer, which 

prompts the upgrade of its solubility [70,71]. The degree of 

formation of intermolecular reactions is determined by the 

solubility of the drug with the polymers. An increase in drug 

bioavailability is led by the melt extrusion, since it gives 

amorphous and stable solid scatteredness of the medication 

within a polymer. A drug with controlled discharge and better 

dissolvability can be accomplished [72]. 

It is a nonstop method of synthesis and the addition of solvent 

is not needed [70, 71], though generally, it requires low 

melting point polymers [72]. 

XIII. FACTORS AFFECTING THE FORMATION OF 

PECS 

The quality and structure of PECs mainly depend on three 

parameters: 

i) Structure parameters 

ii) Media parameters 

iii) Preparation parameters 

Structure parameters 

• The ratio of positive and negative charges 

The ratio of charges of polycations and polyanions used in 

the preparation of PECs must be studied. This charge ratio is 

represented by z. The stoichiometric charge ratio is 

represented by φ. S-PECs (φ=1) are highly hydrophobic due 

to mutual screening of the charge and are precipitated out 

from the aqueous solution. If N-PECs (z≠1) is prepared, then 

the overcharging effect due to an excess oppositely charged 

polyelectrolytes are observed [73]. 

Hugerth et al. [74] investigated the effect of charge density 

on PEC formation between carrageenan and chitosan with 

varying concentrations of deacetylation. They observed the 

formation of PECs with a stoichiometric charge ratio of unity. 

Carrageenan is available in helix-helix aggregation, then 

PECs are formed with a charge ratio below unity w.r.t. 

chitosan. 

 

• Charge density 

Dautzenberg et al. [75] studied the effect of charge density on 

the process of PEC formation by combining a cationic 

copolymer of diallyl dimethyl ammonium chloride 

(DADMAC) and N-methyl-N-vinyl acetamide (NMVA) with 

sodium poly(styrene sulfonate) (NaPSS). They observed that 

the difference in charge density does not cause a real chance 

to control the degree of swelling of polyelectrolyte complex 

structures under particle aspects. 

Okay et al. [76] investigated the elastic modulus of 

polyelectrolytes hydrogels formed with acrylamide and 2-

acrylamino-2-methyl propane sulfonic acid (AMPS) at 

various charge densities. They observed the increase in the 

modulus at the beginning but decreased continuously 

afterward. This result represents two opposite effects of 

charged groups: modulus increases due to the formation of 

additional crosslinks and decreases because of the 

electrostatic interaction of charged groups on elastic free 

energy. 

 

• The Molecular weight of the polyelectrolytes 

Sui et al. [77] reported the effect of molecular weight on the 

synthesis of polyelectrolyte multilayers by combining 

NaPSS, poly(DADMAC) and poly(4-vinyl pyridine) (P4VP) 

with narrow mass distributions in the presence of added salt 

NaCl. They found unusual multilayering characteristics for 

polymers in the range of 104 Da molar mass even if the 

polymers are highly charged. In this range of molar mass, the 

surface polyelectrolyte is stripped off by its oppositely 

charged partner. 

De Vasconcelos et al. [78] studied the effect of the molecular 

weight of poly(methacrylic acid) (PMAA) on the formation 

of PECs based on chitosan. They reported an increase in 

solubility of the complexes as a function of the molecular 

weight of PMMA, which may be due to the lower presence of 

carboxylic groups at the outer parts of PMMA coils due to an 

increase in molecular weight. 

 

Media parameters 

• Polyelectrolyte concentration 

Shovsky et al. [79] investigated the formation and stability of 

PECs as a function of the polyelectrolyte solution 

concentration. They used NPSS as a polyanion and 

copolymers with various molar ratios of poly(methacryl 

oxyethyl trimethyl) (PMETAC) and nonionic poly(ethylene 

oxide)methyl ether (PEOMEMA) as polycations. They 

observed that even 25% of the PEO side chains were 

sufficient to prevent precipitation. When the PEO side-chain 

content was increased (50% and 75%), small, and water-

soluble complexes were formed. 

 

• pH 

The alteration of chitosan into N-carboxyethyl chitosan 

(CECh) permits the formation of PECs in a pH range in 

which chitosan is not able to form complexes. The complex 

between CECh and poly[2-(dimethylamino)ethyl 

methacrylate] (PDMAEMA) in a pH range around 7 was 

obtained by Yancheva et al. [80]. They observed that the 

grouping of four tertiary amino groups of PDMAEMA makes 

complex formation with CECh possible both in neutral and in 

alkaline media. 

Sakharov et al. [81] studied the enzymatic reaction of 

polyaniline (PANI) and PSS under the effect of pH of the 
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medium in an interval of 2.5-4.5. The optimum pH for the 

synthesis was 3.5. 

• The Ionic strength of the reaction medium 

The ionic strength of the reaction medium has a significant 

effect on the preparation of PECs. Huang et al. [82] observed 

a marked weakening of the complexation between O-

carboxymethyl chitosan (O-CMC) and sodium alginate 

(SAL). The highest complexation occurred in the absence of 

NaCl. The increase in ionic strength decreases the average 

diameter of the colloid, which could be related to the increase 

in chain flexibility [83]. 

• Salt concentration 

Dragan et al. [84] studied the effects of low-molecular-weight 

(LMW) salts like NaCl, NaI and Na2SO4 on the formation of 

PEC between N,N-dimethyl-2-hydroxypropylene ammonium 

chloride units in the main chain (PCA5) and poly(sodium 

acrylate) (PSA). When the concentration of NaCl increased 

from 0 to 2M, the decrease in the molar ratio corresponding 

to the endpoint was observed. At equal concentrations of 

LMW salts, PEC separation was viewed in the order of 

Rsep(SO4
2-)<Rsep(I-)<Rsep(Cl-). 

Dautzenberg et al. [75] studied the formation of PEC between 

NaPSS and the DADMAC/NMVA copolymer in pure water 

to succeeding the addition of salt (NaCl). The presence of 

0.01N NaCl has a significant effect on the formation of PEC; 

the level of aggregation was strongly decreased by up to 2 

orders of magnitude. The almost the same pattern was also 

observed for PECs in 0.1N NaCl. 

 

Preparation parameters 

• Mode of mixing 

The prepared PECs are hoped to rely on the mixing type, 

protocol and instrument used. The effect of combining the 

process of poly(allylamine) (PAA) and poly(acrylic acid) 

(PAC) by comparison of jet mixing with generally employed 

colloid titration was studied by Ankerfors et al. [85]. For both 

LMW polyelectrolytes, small-sized PECs were obtained, but 

for high-molecular-weight polyelectrolytes, the size of the 

PECs first decreased with increasing mixing time until a 

minimum was reached and then rise again. Smaller PECs by 

jet mixing and larger PECs by colloid titration were obtained 

for larger polyelectrolyte, letting the mixing time to control 

the size of PECs. 

 

• Mixing order 

The order of addition of polyelectrolyte has been reported by 

many researchers, by mixing polyelectrolyte solutions slowly 

with each other [86]. The comparison between the slow 

dropwise additions with fast one-shot addition for the 

preparation of CHT-DS PECs was done by Schatz et al. [53]. 

PECs with a small radius and greater stability was obtained 

from the rapid process compared to the slow process. The 

slow process is sensitive to the order of mixing which is in 

contrast to fast one-shot mixing. 

 

• Mixing ratio 

This is the ratio of oppositely charged polyelectrolytes 

combined to obtain the PECs. The ratio not only affects the 

size and charge of PECs but also their biological activity 

[87]. Gernandt et al. [88] observed the opposite trends of 

aggregation while raising the mixing ratio than that of 

forming PECs in pure water (salt-free). This characteristic 

was explained by secondary assembly due to the shielding of 

the stabilizing shell of the PEC formed by the excess 

component [89]. This shell becomes thinner and aggregation 

occurs in the presence of salt due to an increase in the ratio of 

addition and consumption of excess component. 

XIV. STRUCTURE OF  PECS 

Relying on different factors like charge ratio, degree of 

polymerization and the structural characterization of the 

starting polyelectrolytes, the structure of PECs is divided into 

two types: stoichiometric water-insoluble and non-

stoichiometric water-soluble PECs [90]. 

A. Stoichiometric water-insoluble PECs  

These PECs are electrically neutral and are precipitated out of 

the solution. They have strong electrostatic attraction between 

the polymers and these polymers are a 1:1 molar ratio [70, 

91]. These PECs are insoluble in water and other organic 

solvents but can swell in aqueous solutions [92]. Depending 

on the properties of polyion groups, molecular weights and 

reaction conditions; stoichiometric PECs are of two types: 

ladder-like structure and scrambled-egg model [90]. 

B. Nonstoichiometric water-soluble PECs  

These complexes are obtained due to non-stoichiometric 

ratios of polymers, these PECs are water-soluble and their 

turbidity level determines their concentration in the solution 

[93]. A host polymer with a longer chain and greater amount 

then a guest polymer facilitates the PEC. Thus, the obtained 

PEC is uniformly dispersed in water and its formation is 

reversible. 

XV. TYPES OF  PECS 

PECs formed by the interaction of oppositely charged 

polyelectrolytes, while they are in solution, are of three 

different types [94, 95]: 

• Water-soluble: These PECs are obtained when 

starting polymers are with weak ionic groups 

and their molar masses bear large differences 

and are mixed non-stoichiometrically. These 

PECs are soluble in macroscopically 

homogenous systems. 

• Turbid colloidal PECs: These PECs are formed by 

the aggregation of polyelectrolytes at low or 

medium ionic strength and in very dilute 

solutions in non-stoichiometric proportions. 

These systems are seen in the transition range to 

phase separation. 

• Two-phase system PECs: These PECs are 

synthesized by the interaction of high and 

comparable weight polyelectrolytes in a very 

highly concentrated solution. These complexes 

are easily separated as solid substances after 

washing and drying. 

Based on the types of reacting polyelectrolytes, PECs are 

classified as: 

• PECs formed by interacting with natural 

polyelectrolytes 

Many PECs were prepared using chitosan with natural 

polyanions such as carboxymethyl cellulose, alginic acid, 
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carboxymethyl dextran, dextran sulfate, pectin, carrageenan, 

heparin and xanthane. To study the degree of complexation of 

lysozymes with deacetylated chitosan, Colfen et al. [96] 

implement analytical centrifugation for the first time. 

To develop functional characteristics of proteins, such as 

foaming aggregation or gelation, the interaction between 

oppositely charged proteins was reported. The concentration 

of proteins, the ionic strength and pH of the solution 

determine the complexation and quantity of complex formed 

[55] 

• PECs formed by interacting with synthetic 

polyelectrolytes 

Almost all of the PECs formed by synthetic polymers utilize 

conductometric, potentiometric, or turbidimetric titration. By 

complexation of poly(vinyl-benzyltrimethylammonium 

chloride) (PVBTAC) with PMAA, three different types of 

PECs were formed [97]. 

The stoichiometric investigation of the reaction between 

polycations and polyanions, such as protonated polyethylene 

imine, PVBTAC, ionene, and polyanions such as PSA, K-

PSS were done and was reported that PEC was formed by 

almost stoichiometric reactions. The sigmoid type adsorption 

shown by PEC is identical to the adsorption nature of 

hydrophilic substances [98]. 

• PECs formed by reacting natural and synthetic 

polyelectrolytes 

The complex formation between proteins and synthetic 

polymers was observed by phase separation as a complex 

coacervate or a solid precipitate, and it was seen for 

complexation between potassium poly(vinyl alcohol sulfate) 

and carboxyhemoglobin in the presence of poly(DADMAC), 

lysozyme and PAC, lysozyme and PMAA, RNA polymerase 

and poly(ethylene imine), poly(DADMAC) and bovine serum 

albumin [99]. 

• Protein-polyelectrolyte complexation 

The strong interaction between a protein with both natural 

and synthetic polymers results in the amorphous precipitate, 

coacervate, gels, fibers or soluble complexes. The availability 

of charge sites on the protein's surface, the pH of the medium, 

the type of polymers, ionic strength and amount of polymer 

determines the efficiency of complexation. The structural 

variation of polypeptides related to PECs formation was 

reported for poly(L-glutamic acid), poly(ethylene imine) and 

poly(L-lysine) [55]. 

• Polyions and surfactant complexation 

PECs formed by polyions-surfactant complexation are very 

exciting because they have an attractive resemblance to 

biological aggregations. The complexation for ionic 

surfactants above the critical micelle concentration is a result 

of coulombic interaction between the polymer and the 

charged micelle [55]. The complexation between PSS and 

various alkyl trimethylammonium derivatives was formed by 

precipitation in aqueous solution and after redissolving in 

polar organic solvents; they show characteristics of 

polyelectrolytes [100]. There were also studies of NaPSS-

CTAB(cetyl trimethyl ammonium bromide) in the binary 

mixture[101, 102]. 

XVI. PROPERTIES OF  PECS 

Since the characteristics of the beginning materials are unique 

to those of PECs, and this encourages the investigation of 

their production. Despite many methods, some of the 

methods that identify such contrasts are potentiometry, 

conductometry, turbidimetry, viscometry, calorimetry, 

sedimentation, dynamic flow birefringence, light scattering, 

NMR spectroscopy, electronic spectroscopy, chromatography 

and even electron microscopy. 

To accomplish a more extensive business of PECs, the 

numbers of nitty-gritty information on their characteristics is 

required. It is commonly accepted that PECs have special 

features because the principle interaction forces are strong 

Coulomb forces and their electrostatic nature can 

undoubtedly be altered by varying just their composition 

[103]: 

1) Physicochemical properties 

2) Good transparency 

3) Selectivity for ion sorption 

4) ion-exchange properties 

5) Electrical properties 

6) Transport properties 

7) Good anti-coagulant properties 

PECs, which are made out of a strong polyacid and a strong 

polybase, are not soluble in regular organic and inorganic 

solvents. They are just dissolvable in a definite medium, for 

example, water/water-soluble organic solvents/micro salts, 

such as water/acetone/NaBr [46, 103-105]. 

PECs have remarkably large and governable penetrability in 

water and low-molecular-weight solutes. The commercial 

cellophane membrane shows lower permeability towards 

low-molecular-weight solutes than that of complex 

membranes [106]. The permeability of membranes made 

from PECs derived by mixing polyacids and polybases with 

equimolar composition is generally more to water and urea 

[107]. 

Biologically derived solids show a closer relation to PECs 

based on electrical characteristics. Not too many artificial 

polymers, incredibly high relative dielectric constants at low 

frequencies and the dispersion qualities of salt-containing 

PECs are not observed [108]. 

At 22⁰C, the refractive index of homogeneous PECs 

containing 40-80% gel water is expressed by 

n = 1.294 + 0.336 (1 - α) 

where α refers to the gel-water content as a weight fraction 

[103]. 

XVII. CHARACTERIZATION OF  PECS 

The characterization of PECs primarily involves the 

physicochemical, morphological and solid-state analyses of 

the complexes [95]. Optical density, the weight of dried 

complexes, calorimetry, optical microscopy, dynamic light 

scattering (DLS), differential scanning calorimetry (DSC), X-

ray diffraction, SEM, dialysis bag method, orbital flask 

method, stability study, thermal analysis, potentiometric and 

turbidimetric titrations, ultracentrifugation, pKa, viscosity, 

and gel electrophoresis were used to determine the 

complexation [13, 109, 110]. 
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XVIII. APPLICATIONS OF  PECS 

A. PECs in drug delivery   

PECs have gained much attention in recent years because of 

their possible applications in various fields. It can be used in 

drug delivery systems. Hu et al. [111] investigated the 

controlled burst of magnetic polyelectrolyte capsules for drug 

transport. The microcapsules prepared by the Layer-by-

Layer (LbL) procedure utilizing Fe3O4/PAH are magnetic 

sensors. Design quality, micro-structural development and 

related discharge characteristics of fluorescence dyes and 

doxorubicin were methodically researched. The test results 

indicated that the availability of the magnetic nanoparticles in 

the covered structure permitted the covered structure to 

advance from nanocavity improvement to a definite break of 

the cover under the influence of the given magnetic effect of 

various periods. 

Wang et al. [112] studied the new combined effect of 

adsorption by porous CaCO3 microparticles and encapsulated 

PEM films for continued medication conveyance through 

LbL self-aggregation. The powdered ibuprofen (IBU) stacked 

in the pores of the CaCO3 microparticles had a faster 

discharge rate in the gastric fluid than in the intestinal fluid 

when compared with the crystalline uncovered IBU; 

however, the PEMs gathered on the drugs stacked particles 

by LbL decreased the rate of discharge in both liquids. 

 

B. Dialysis/ultrafiltration membrane   

Neutral PECs are used for the desalinization of brine [46] 

and, dialysis/ultrafiltration membranes to purify and/or 

concentrate aqueous solutions having colloids, micro or 

macro-solutes in it. This is due to their extremely high 

permeability to water. The permeability of the neutral 

complex membrane is nearly 15 folds higher than that of 

cellulose diacetate and 10-50 times higher than regenerated 

cellulose membranes. 

Comparison to primitive dialysis membrane, for example, 

cellophane; controlled microstructure PECs membrane 

possesses 5-10 times higher efficiency. So, interest has been 

developed in the application of PECs membrane in artificial 

kidneys and artificial lungs [107]. 

C. Medical and surgical prosthetic materials  

Because of the close similarity of PECs with connective 

tissue like collagen and their extraordinary permeability to 

water and other microsolutes, has developed the interest of 

using PECs as prosthetic materials since the 1960s. In recent 

years, PECs have understudy to stop the expansion of the 

weak wall of the artery. Also, the coating of PECs has been 

used in different machines through which blood gets 

circulated, for example, heart valves, heart-lungs machines, 

etc., to stop blood clotting over their surfaces [46]. 

D. PECs in gene delivery   

The utilization of PECs in gene therapy depends on their 

biocompatible design for in vivo delivery of non-viral vectors 

packed with therapeutic genes. The so-called PECs are 

formed when DNA is condensed by polycations, and they 

have gained remarkable attention in gene delivery, where the 

primary dare is to develop riskless and efficient non-viral 

vectors [113]. 

E. PECs in protein and peptide delivery   

The complex formed between bovine serum albumin (BSA) 

and synthetic PE was first reported PEC of this type, and 

since they have been widely used in food and biotechnology 

businesses. The main method for non-covalent bonding 

depends on the electrostatic attraction between positively 

charged polymers and negatively charged proteins/peptides, 

while amphiphilic polymers interact via both electrostatic and 

hydrophobic interactions [114]. 

F. PECs as diagnostic and imaging agent  

PECs formed by grafting chitosan with gadolinium 

(Gd)/diethylenetriamine pentaacetic acid (DTPA) was 

developed by Huang et al. [115]. About 300 nm sized 

particles were produced when chitosan was complexed with 

dextran sulfate, electrostatically. In other ways, Gd was 

trapped ionically within PECs with gadolinium chloride 

(GdCl3). From these two approaches, three types of particles 

were obtained, viz. Gd-loaded, Gd-DTPA conjugated, and 

PECs consisting of both ionically trapped Gd and Gd-DTPA 

grafts. The contrast-enhanced was observed accumulated 

rapidly in rat kidney, while some particles were also observed 

in the liver, and negligible particles were seen in other 

tissues. The determination of biodistribution and 

pharmacokinetics of PECs has been done by using contrast-

enhanced MRI, which is widely used as drug and gene 

delivery vehicles [115]. 

G. Other applications   

As indicated by the fact that polyelectrolytes are broadly 

utilized as flocculants [116], they might be practically used in 

protein fractionation, which is significant in medication and 

clinical cure [117, 118]. Also, the intermolecular complexes 

are used in particular extraction of organic and metallic ions; 

for example, Cu 2+ ions are more successfully precipitated by 

the PECs than by one of its components [119].  

PECs can be utilized to manufacture ultra-filtration films that 

can be utilized in artificial kidneys, artificial lungs whose 

proficiency is restricted by previously existing membrane 

materials that give significant protection from mass exchange 

[107]. 

XIX. PROBLEMS OF  PECS 

The manufacture of PECs, despite the specific level of 

development, still faces various uncertain issues. There are 

difficulties and still numerous new compounds that are yet to 

be found. Shortly, polyelectrolytes will not be explored by 

the desire of their own, but will be generally inspired by 

material angles; these results not only new ionic structures 

but progressively complex all around the molecular structures 

and geometry. Subsequently, there will be numerous chances, 

and require an unstoppable expansion of the extent of 

available polyelectrolyte structures. 

XX. CONCLUSION 

The development of enthusiasm for the study of 

polyelectrolytes is expected essentially to the expanding 

utilization of these polymers as flocculants, stabilizers of 

scatterings, definite absorbents or adsorbents and as 

medication bearers. In a significant number of these 

applications, the creation of amphiphilic polymers, materials 

containing both hydrophilic and hydrophobic units with 
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extraordinary morphology are of crucial significance. In this 

unique circumstance, the interaction between 

macromolecules offers broad uses and their capacity has not 

yet been completely achieved. Proceeding with research 

polyelectrolyte collaborations will undoubtedly advance the 

connections between the polymer and different sciences, 

specifically the connections with biochemistry. 
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