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Abstract: 

It covers the chemistry of polymerization as well as the various kinds of polymers and their 

distinctions. The molecular structures of polymers used to create plastics are discussed, 
including topics such as copolymers, branching, cross-linking, steric hindrance, isomerism, 

and crystallinity. Considering that plastics are rarely flawless, we look at ways to improve 

them by using reinforcement, fillers, and additives. A look of how molecular structure 

affects characteristics. Having a foundational knowledge of plastic and polymer chemistry 
will make the subject of plastics more accessible and serve as a foundation for the plastic's 

introductions. 
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2.1 Introduction: 

When compared to the other organic molecules you have studied so far, polymers are 

somewhat unique. Polymers, in comparison to other substances, are extremely massive 

molecules. All plastics and related substances are made primarily from polymers. A 
polymer is a macromolecule made up of numerous smaller molecules joined together 

through covalent bonds in a regular, repeating structure. Monomers are the fundamental 

units of any polymer. The two most common mechanisms for polymer formation are 

addition and condensation. 

Plastics are polymers, which are long chains of molecules made up of monomers, which are 
smaller molecules. Each type or family of polymers is produced by using a unique monomer 

or monomer combination. Many polymers are ubiquitous; we hardly give them a second 

thought. Teflon, nylon, Dacron, polyethylene, polyester, Orlon, epoxy, vinyl, polyurethane, 
silicones, Lucite, and boat resin are all examples of man-made polymers. Natural polymers 

include sugar-based polymers like starch and cellulose, as well as isoprene-based polymers 

like rubber and protein (from amino acids). Without a doubt, polymers have and will 

continue to have a major impact on our culture. It's hardly surprising that there are issues 

with these materials after their creation.  
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There are a lot of them, and they don't decompose, so they end up in landfills, and the raw 
materials used to make them are limited. For many years, consumers have been able to 

purchase fleece apparel produced from recycled materials thanks to plastic recycling, an 

important procedure for decreasing waste and reclaiming potentially valuable raw materials. 

[1-2] 

2.2 Chemical Structures of Polymers: 

A polymer consists of several identical molecular units that have been joined together 

through successive addition of monomer molecules. A massive polymeric molecule is 

formed by joining together many smaller monomer molecules of A, say 1,000 to 1,000,000 

of them. 

 

 

The reaction that produces addition polymers involves the addition of monomer units, 

resulting in a lengthy chain (often linear or branched). Carbon-carbon double bonds are a 
common feature of the monomers (whose characteristic reactions are addition reactions). 

Polyethylene and Teflon are two widely used additive polymers. To diagram the procedure, 

consider: 

 

Addition-type polymers account for a large majority of production. In most cases, a carbon-

carbon double bond can be found in the monomers. Polyethylene, the most well-known 
addition polymer, has ethylene as its monomer. Long-chain polymeric molecules consist of 

countless ethylene molecules joined together via the pi bond being broken and two new 

single bonds being formed between the monomer units. Depending on the conditions of 

polymerization, the number of repeating units may be high or low. 

Heat, pressure, and a chemical catalyst can all help speed up this reaction. When a reaction 
is carried out, a wide range of molecules is formed, each with a different number of carbon 

atoms in its chain. In other words, rather than a single component, a spectrum of polymers 

with different lengths is generated. 
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High-density polyethylenes are polymers that have linear architectures and hence pack 
together well. They tend to be rather stiff. The molecules of low-density polyethylenes have 

branching structures, and their chains are partially cross-linked. When compared to high-

density polyethylenes, they exhibit greater pliability.  

Polyethylenes with low and high densities are made using drastically differing reaction 
conditions and catalysts. But the monomer is the same across the board. The added polymer 

polypropylene is still another illustration. The monomer used here is propylene. The 

resulting polymer has methyl branches at random intervals along its carbon chain. 

 

The most prevalent addition polymers are shown in Table 1. The most common applications 

for them are also described. After polymerization, a carbon-carbon double bond persists in 

the last three entries of the table. Elastomers, which are cross-linked polymers formed when 
these bonds are activated or take part in a subsequent reaction, are often simply termed 

rubber because of the similarities between the two terms. [3-4] 

2.2.1 Objectives: 

• To Study on position, use, and effects of addition polymers or plastics 

• The reactions shows form an addition polymer 

• World plastic materials demand by resin types. 

• The study of the anaerobic degradation of biodegradable plastics has focused on PLA, 

PCL, PHBV, and copolymers 

2.2.2 Review of Literature: 

Later in our studies, we found that poly (ethylene glycol)-bis-(carboxymethyl ether) 
chloride could be used to chemically crosslink the homopolymer of glycidol and its 

hydrophobically modified derivatives, both of which show thermos responsiveness [9]. This 

is because the network has lengthy spacers of poly (ethylene glycol), which causes the 

hydrogel to swell more in water at equilibrium than hydrogels crosslinked with 

glutaraldehyde.  

The volume decrease with temperature was particularly noticeable in hydrogels made of 

thermoses pensive copolymers that were only loosely crosslinked. All of the investigated 

hydrogels remained stable after being subjected to multiple swelling/deswelling cycles, 

making them promising for future use. 
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Usually, star polymers exist as single macromolecules in organic solvents that are suitable 
for the star's core and arms. This pattern was found in acetone from stars composed of a 

hydrophobic poly (arylene oxindole) (PArOx) core with P (DEGMA-co-OEGMA), 

PDMAEMA, P (DMAEMA-co-DEGMA), and P (DMAEMA-co-OEGMA-OH) arms. In 
aqueous solutions, star nanostructures were measured to be on the order of many tens of 

nanometers in size, which bodes well for their potential medical applications in the future. 

[5] 

The topic of how to make nanolayers of branching polymers has been getting more and 

more attention in recent years. Our investigated nanolayers had a strong covalent bond to 

the substrate, allowing them to survive the harsh conditions of the biological tests.  

The goal of this work was to demonstrate how the chemical structure of the obtained hyper 

branched and star polymers, as well as their surface behaviour (in some cases in response 

to changes in solvent, pH, and temperature), affect the viability of using the obtained layers 
for gene therapy, antifouling, and antibacterial applications. OEGMA, DEGMA, glycidyl 

methacrylate (GMA), DMAEMA, and hyperbranched polyglycidol were synthesized to 

form layers of star (co)polymers. [6] 

Poly (oligo (ethylene glycol) methacrylate) (POEGMA) star layers were employed for the 

non-invasive control of detachment of cultured fibroblasts or HT-1080 cells by adjusting 
the temperature. The fibroblast sheet separated from the star POEGMA layers more quickly 

than it did from the linear P (TEGMA-EE) brushes.  

DNA polymer carriers were also deposited using thermos responsive star POEGMA layers, 

paving the way for the effective delivery of nucleic acids into cells. Polyplex deposition was 
carried out at an ambient temperature above the TCP of the nanolayer and the DNA polymer 

carrier. Following this, HT-1080 cell culture and transfection were performed.  

Transfection efficiency was many fold higher than the control, indicating that the nucleic 

acid was successfully transported into the cells. What's more, temperature variations in the 

surrounding environment were sufficient to detach transfected cells without causing any 

damage. [7] 

The first variety has many polymer chains entangled with one another and attached to the 

support (Figure 8f). The linear homo- and copolymer of glycidol and its thermos responsive 

derivative mPGL was used to create this type of layer.  

The anhydride groups on the surface reacted with the hydroxyl groups of the (co) 
polyglycidols to form a covalent bond. The anchoring to the support occurs at multiple 

locations throughout the polymer chain due to the distribution of -OH groups along the 

linear (co) polyglycidol chain. Polymer molar mass and concentration influenced the final 

layer thickness, which was anywhere from 7 to 140 nm. Antifouling materials made of 
hydrophilic PGL layers were used to combat fibrinogen. Surface fibrinogen adsorption was 

decreased by 45-90% as compared to bare silica supports. Surfaces coated with PGL with a 

larger molar mass were shown to be more effective at decreasing fibrinogen adsorption. It 
was also intriguing to assess the potential to "flip" the affinity of the generated polyglycidol-
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based layers to water based on environmental factors. As a result, modified polyglycidol 
(mPGL) derivatives were produced and then immobilized on a substrate, where they could 

respond to temperature changes. Tethering of the copolymer resulted in layers of 

interpenetrating polymer chains multiply connected to the support, just as was the situation 
with unmodified PGL. The circumstances used in the preparation of layers made it simple 

to regulate the layer thickness and shape. Many of the layers below the TCP were bloated 

and moist.  

Dehydration of the layer resulted with additional heating over the TCP, but the layer's 

thickness, interestingly, remained same or was even significantly enhanced. It appeared that 
hydrophobic interactions between polymer chains formed concurrently with water 

evaporation from within the layer, resulting in the polymers' stretching rather than their 

shrinking. When comparing the brush structure's layers, this is likely owing to the type of 
polymer chain tethering with the support. Above the critical hydration point (TCP), 

fibroblasts attached to and spread across the dehydrated mPGL layers to form a confluent 

cell sheet. Below TCP, the hydrophilic character of the layer did not enhance the interactions 

with cells. [8] 

2.2.3 Research Methodology: 

Books, educational and development journals, government papers, and print and online 

reference resources were only some of the secondary sources we used to learn about the 

composition, use, and impacts of added polymers or plastics. Plastics have excellent thermal 
and electrical insulation capabilities and are also lightweight, affordable, robust, resilient, 

and resistant to corrosion.  

Due of polymers' wide range of properties and applications, Plastics have excellent thermal 

and electrical insulating capabilities and are relatively inexpensive, lightweight, strong, 

durable, and corrosion-resistant. Characteristics are utilized in the production of an 
extremely varied range of products that in turn deliver significant societal benefits 

including, but not limited to, technological and medicinal advancements, energy efficiency 

gains, and other similar gains. [9] 

2.2.4 Result and Discussion: 

It can be shown how an addition polymer is formed from the reactions listed above: 

• Initiation - a free radical initiator (X∗) 

Hits the C-C bond and tries to split it (first step above). Hydrogen peroxide is just one 

example of an initiator that could be used. This substance readily dissociates into its two 

species, each of which has a free electron: H−O−O−H→2H−O⋅ 

a. This radical cynically targets a carbon-carbon bond. Both pi electrons end up on the 
carbon atom, but one makes a single bond with the initiator while the other creates a 

new free radical. 
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b. To continue the process of chain expansion, the new free radical molecule interacts with 
another alkane, a phenomenon known as "propagation" (second step above). 

c. Every time two free radicals interact, the process is terminated (not shown). In this 

process, the free radical on each molecule is neutralised as the two free electrons join 
together to create a covalent link. 

d.  

The length of the polymer chains and the degree to which they pack together determine the 

properties of polyethylene. Plastic bottles, plastic bags, and tougher plastic things like milk 

crates are all examples of typical products created from polyethylene. 

The ability to polymerize unsaturated monomers means they are used in many everyday 
items. The plastic utensils and several other types of containers that you find in kitchens are 

likely made from polypropylene, which is more rigid than polyethylene. 

 

Figure 2.1: Polypropylene Structure 

Insulation materials and moulded goods like coffee cups can benefit from the properties of 

polystyrene. 

Figure 2.2: Polystyrene Synthesis and Structure 

PVC pipes are the most common type of pipe used in the plumbing industry. 

 

Figure 2.3: Polyvinyl Chloride 
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Rubber, or polyisoprene, is a synthetic polymer of the elastomer isoprene. Natural rubber 
comes from trees of the same name, but its qualities have been improved upon by numerous 

synthetic forms. 

 

Figure 2.4: Polyisoprene 

There are hundreds of plastics available for commercial use, but only a small subset of them 

are considered commodity thermoplastics due to their enormous production volumes and 

low unit costs.  

The table below details the global usage of these plastics and their respective percentages. 

About 90% of the entire demand is addressed here, namely for low-density polyethylene 

(LDPE), high-density polyethylene (HDPE), polypropylene (PP), polyvinyl chloride 

(PVC), polystyrene (PS), and polyethylene terephthalate (PET) (Figure 2.5). 

 

Figure 2.5: World plastic materials demand by resin types 2006 (Plastics Europe 

2008). [11] 

To date, research on anaerobic degradation of biodegradable plastics has primarily 

concentrated on polylactic acid (PLA), polycarboxylate (PCL), polyhydroxybutyrate 

(PHBV), and copolymers comprised of two biodegradable plastics or a conventional plastic 

blended with a biodegradable plastic.  
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The degradation of traditional plastics (PE, PETE, PP, PS, PVC) has also been measured, 
as have their potential negative effects on biodegradation processes, and in the case of 

polyethylene, they have served as negative controls for the tests.  

Figure 2.6 depicts the variety of plastics that have stood up to anaerobic digestion and 

landfill testing. Seventy-six percent of the research looked at evaluated deterioration in 
anaerobic digestion settings, seventeen percent attempted to mimic landfill settings, and 

seven percent evaluated both settings. 

 

Figure 2.6: Plastics biodegrade in anaerobic circumstances. Polylactic acid (PLA), 

polycaprolactone (PCL), poly (hydroxybutyrate) (PHBV), poly (ethylene) (PE), 

polypropylene (PP), polystyrene (PS), polyethylene terephthalate (PET), and vinyl 

chloride (PVC) are all abbreviations for the same thing. [12-14] 

2.3 Conclusion: 

• Without the loss of any additional atoms, the monomer molecules link to each other 
during addition polymerization. 

• Polyethylene, polypropylene, polystyrene, polyvinylchloride, polytetrafluoroethylene, 

etc., are all addition polymers. More than half of all polymers synthesised are used in 
everyday items such as packaging, wrapping, and construction. Polymers are used in a 

wide variety of applications, from textiles to CDs and vehicle parts. 
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