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Polymers, such as polyethylene oxide (PEO), include exceptional charac-
teristics, which made them as promising materials for a variety of bio-
medical, electronics and optics fields. Metal oxide and nitride nanoparti-
cles have enormous applications in various approaches too. This article 
comprised a recent review on PEO doped with metal oxide and nitride na-
noparticles, such as CeO2 and Si3N4. The previous studies illustrated that 
the nanocomposites of PEO doped with metal oxide or nitride nanoparti-
cles have numerous applications in the biomedical and industrial fields 
due to their physical and chemical properties. 

Полімери, такі як поліетиленоксид (ПЕО), мають виняткові характери-
стики, що робить їх перспективними матеріялами для різних галузей 
біомедицини, електроніки й оптики. Наночастинки оксидів і нітридів 
металів мають величезне застосування в різних підходах також. Ця 
стаття містить нещодавній огляд ПЕО, леґованого наночастинками ок-
сидів і нітридів металів, таких як CeO2 та Si3N4. Попередні досліджен-
ня показали, що нанокомпозити ПЕО, леґованого наночастинками ок-
сидів або нітридів металів, мають численні застосування в біомедичній 
і промисловій сферах завдяки їхнім фізичним і хемічним властивостям. 
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1. INTRODUCTION 

Polymeric materials occupy every corner of our life and are actively 
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used in many technologies [1]. Polymer materials are widely used in 
various devices as insulating materials and for optoelectronic appli-
cations. This is owing to their singular properties, such as high 
flexibility, lightweight, and ability to be fabricated with low cost 
and at low temperatures [2]. The field of polymer additives has 
garnered significant attention in today’s materials research; in view 
of this, it is essential to note that the dopant modifies the structure 
of the polymer and, hence, its properties [3]. Polymer nanocompo-
sites are burgeoning rapidly as a multidisciplinary research sector, 
whose results could widen the applications of polymers to the great 
of industrial benefits [4]. Polymer nanocomposites have polymer 
matrix reinforced with nanosize phase (nanofillers), such as nano-
particles (NPs), nanofibres, nanotubes, nanosheets, etc. [5]. The 
polymer nanocomposites heavily rely on geometry, size distribution, 
aggregation and surface chemistry of organic/inorganic nanoparti-
cles, as well as matrix–nanoparticle interactions. However, the 
characteristics of nanocomposites were found to depend on the con-
tent of nanofillers, the type of nanoparticles, nature to bridge 
chemically and physically with the polymer matrix [6]. The polymer 
nanocomposites have become an important candidate in many appli-
cations including optical integrated circuits, EM detector, drug de-
livery, automobiles, sensors, injection moulded products, mem-
branes, adhesives, coatings, aerospace, fire-retardants, medical de-
vices, consumer goods, packaging materials, etc. [7]. 

2. POLYMER STRUCTURE 

Polymers are produced from monomers through polymerization [8]. 
Polymers are mainly comprised of similar or identical units joined 
together. The unit forming the repetitive pattern is called a mono-
mer or mer. Polymers are long-chain molecules of a very high mo-
lecular weight, often measured in the hundreds of thousands. 
Therefore, the term ‘macromolecules’ is frequently used, when re-
ferring to polymeric materials [9]. The properties of polymers de-
pend on the chemistry of their constituent monomers, as well as on 
how these monomers combine with each other into the polymer ar-
chitecture or molecular structure. Due to its importance in deter-
mining properties, polymers are often classified according to their 
molecular structure. Important classes include linear chain, 
branched, and networked polymers [10]. The monomers that make 
up linear polymers are linked in a long straight chain. There are no 
side chains on these chains, e.g., polyethene, nylons, polyesters, 
PVC, etc. Their molecules are closely packed and have melting 
point, tensile strength, and high density. As for the branched pol-
ymers, they have a straight long chain with different side chains. 
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Their molecules are irregularly packed, hence, they have melting 
point, tensile strength, and low density, e.g., polypropylene (side 
chain –CH3), glycogen and amylopectin, in the case of network or 
cross-linked polymers. In these monomeric units, they are linked 
together to constitute a three dimensional network. The links in-
volved are called cross-links. They are rigid, hard, and brittle due 
to their network structure, e.g., maia mine, bakelite, vulcanized 
rubber, formaldehyde resins, etc. [11]. 

2.1. Classification of Polymers Based on Source 

Polymers may be divided into three types [12]. 
 a. Natural polymer. These polymers are found in nature generally 
from plants and animals sources. Some examples include proteins, 
starch, cellulose, and resins. 
 b. Semi-synthetic polymer. These polymers are produced from 
natural polymers by simple chemical processing aimed at altering 
the physical characteristics of natural polymers, such as starch. 
 c. Synthetic polymer. The fibres, which are synthesized in labor-
atory by polymerization of simple chemical molecules, are termed 
synthetic polymers, for example: polyethene, nylon, synthetic rub-
ber, polystyrene, teflon, PVC, etc. 

2.2. Classification of Polymers Based on Thermal Response 

a. Thermoplastic polymers. Thermoplastic resins are polymers 
linked by intermolecular interactions or van der Waals forces form-
ing a linear or branched molecular structure. The molecular struc-
ture, whether linear or branched, only imposes a relatively small 
restriction for the motion of molecular chains. As a result, thermo-
plastics are remeltable and tractable upon the application of pres-
sure and heat after curing [13]. 
b. Thermosetting polymers. Thermosets or network polymers com-
prise of densely cross-linked networks, where the chain segments 
between cross-links have low mobility. The chain molecules are 
linked together by strong covalent bonds even between the chains 
forming a continuous network. The covalent bonds prevent chain 
segments from slipping past each other. Consequently, such a net-
work can neither be dissolved nor become molten [14]. 

3. POLYETHYLENE OXIDE (PEO) 

PEO is a linear semi-crystalline polymer that has many features, 
such as being flexible, non-toxic [16], low cost [17], and water-
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soluble [18]. It has a general chemical structure of [OCH2CH2]n, 
where n is the degree of polymerization, which ranges between 2000 
and 100 000 [19]. With a molecular formula of C2n2H4n6On2 [20], 
PEO is a non-ionic homopolymer of ethylene oxide [21]. It is a white 
to off-white powder obtainable in several grades, varying in viscosi-
ty profile in an aqueous isopropyl alcohol solution. It may contain a 
suitable antioxidant [22–24]. 
 Polyethylene oxide polymers are utilized in a wide range of appli-
cations and are classified into two groups based on their molecular 
weight. The liquid and waxy polymers with low molecular weights 
of about 6 000–8 000 g/mole are widely used in cosmetics (powders, 
sticks, cakes, lotions and creams), formulating pharmaceuticals (dry 
binders, suppository bases, ointments, tablet coatings lubrication in 
the formulating and manufacture of compressed tablets), sizing and 
humectants. The use of high molecular weight polymers (105) is 
contingent upon their solubility, rheology, and thermoplastic na-
ture. These polymers have been utilized as flocculants for finely 
dispersed solids in water, as dispersants for cementitious materials, 
and in miscellaneous applications [26]. 

4. SILICON NITRIDE (Si3N4) 

Silicon nitride (Si3N4) is a significant ceramic material owing to its 
chemical, electronic, and mechanical properties [27]. Silicon nitride 
has strong resistance against thermal shock, low mechanical stress, 
and high melting temperature. Due to its exceptional mechanical 
properties at elevated temperatures, it has been regarded as an ex-
emplary material for applications in cutting tools and engine com-
ponents. It has a sizeable electronic gap, a high-energy barrier for 
impurity diffusion, a high resistance against radiation and a high 
dielectric constant. These properties led to applications in microe-
lectronic devices as charge storage medium in non-volatile memories 
as a gate dielectric in thin-film transistors and in solar cells [28]. 
Additionally, other engineering applications are also under consid-

TABLE. Physical and mechanical characteristics of Si3N4 [30]. 

Characteristic Si3N4 

Melting point, C 1900 

Density, g/cm3 3.17–3.20 

Hardness, GPa 18 

Thermal conductivity, W/(mK) 10–162 

Fracture toughness, MPam1/2 2–8 

Crystal structure hexagonal 
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eration, such as industrial heat exchangers, as wear-resistant mate-
rial in metals processing, energy conversion systems and as material 
for ball and roller bearings [29]. Table presents the physical and 
mechanical characteristics of Si3N4 [30]. 

5. CERIUM DIOXIDE (CeO2) 

The role of cerium oxide (ceria) in contemporary technological ap-
plications is multipurpose and of steadily increasing importance 
[31]. Cerium dioxide (CeO2) is one of the most significant rare earth 
materials [32]. Amongst nanoparticles, CeO2 NPs have attracted 
much attention for their high stability, biocompatibility and surface 
chemistry. CeO2 nanoparticles exhibit transparency in the visible 
region and possess a refractive index of 2.2 at a wavelength of 632 
nm. Pure CeO2 exhibits a wide indirect optical band gap and wide 
energy-band gap that operates effectively in the ultraviolet (UV) 
region. Consequently, it is a highly suitable option for many optical 
and electrical applications [33]. CeO2 has several applications in the 
field of corrosion prevention, electromagnetic shielding, electro-
chemical cells, thermal coatings, photoelectrical and optical proper-
ties [34]. It is mostly used in the fabrication of sensors, catalysis, 
cells, drug delivery careers, therapeutics agents, and antiparasitic 
ointments [35]. The nanocomposites of organic/inorganic materials 
or inorganic/inorganic were created to usage in various fields in-
volving electronics and optoelectronics [36–50], optical fields [51–
60], antibacterial agents [61–71], sensors [72–79], energy storage 
[80–88]. 

6. CONCLUSION 

The current work comprised a recent review on PEO doped with 
metal oxide or nitride nanoparticles. The previous studies illustrat-
ed that the nanocomposites of PEO doped with metal oxide or ni-
tride nanoparticles have numerous applications in the biomedical 
and industrial fields. 
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