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1 Introduction

Biodegradable polymers are polymers that maintain good mechanical strength during
their service life and degrade to form low molecular weight and non-toxic compounds
such as water and carbon dioxide, when desired [1]. In the recent era, biodegradable
polymers have shown promising role in biomedical science including the potential
replacement of metallic implants [2]. For example, devices made out of biodegradable
polymers could be implanted in the human body without the need of a second surgical
procedure necessary to remove the implant (e.g., made of stainless steel) [3, 4]. Also,
to fix a fractured bone, an implant made out of stainless steel has a tendency to cause
refracture once the implant is removed. However, an implant based on biodegradable
polymer degrades gradually to transfer the load slowly to the fractured bone, thus
reducing the chance of refracturing the bone. Another impressive application shown
by biodegradable polymers is their use in controlled delivery of drug [5]. A wide
range of biodegradable polymers has been employed as carriers of drug useful for the
treatment of diseases such that it kills only the infectious cells without harming the
healthy ones [6, 7]. Biodegradable polymers also show significant applications in the
domain of tissue engineering. They can be produced in the form of three-dimensional
scaffolds to offer optimal support and environment for the growth of tissues [8].
Although biodegradable polymers have been shown as the promising candidates
in the biomedical arena, their surface properties greatly influence their wide range
of applications suggesting the need for its modification [9]. Surface modification of
biodegradable polymers hase been widely utilized to achieve attractive long-term
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and short-term effects for their desirable functionality. Tunable bulk material prop-
erties of biodegradable polymers like tensile strength, elasticity, and density also
aid in widening the scope of their application with further increase in their effec-
tiveness after the surface treatment. For example, extensive studies of biodegradable
aliphatic polyesters as scaffold materials for applications in tissue engineering have
been carried out, due to their non-toxicity, good mechanical properties, adjustable
degradation rates, and low immunogenicity [ 10, 1 1]. However, there is ineffective cell
attachment, spreading of cells and their proliferation caused by backbone hydropho-
bicity of the polymers which reduces the surface energy of these polymers [11].
Consequently, surface modification of these polyesters is required to enhance their
affinity towards healthy cells [12]. Exploration in controlling the behavior of cells
while interacting with artificial surfaces is the way for many applications in the field
of biotechnology [13].

Further, microbial infections and their contamination have been viewed as
hazardous complications faced by the medical, healthcare, and sanitation indus-
tries [14, 15]. Biomaterial-based biomedical implants exhibit infections caused by
bacteria while using them inside the human body and have been considered as a
major threat to human health. Generally, the interactions of bacteria with any surface,
including the biomedical device comprising of biodegradable polymers lead to the
growth of planktonic cells on the substrates which flourish to form biofilm. Removal
of the proliferated biofilm on the surface becomes a very difficult task. Without
intervention, the biofilm rapidly spreads to cause deadly infections. Thus, surface
modifications with anti-infective coatings, i.e., resisting the microbes, promise a
great potential in mitigating the infections associated with biomaterials used inside
the body. Understanding these aspects for designing the biomaterials, it is crucial
to control and manipulate the surface properties of the biomaterial without compro-
mising their bulk properties [16, 17]. Ultimately, surface treatment of polymers did
exhibit excellent properties related to antibacterial and cytotoxicity permitting their
use in biomedical applications [18].

Biodegradable polymers have also been extensively explored as drug delivery
systems for carrying low-molecular-weight drugs [19]. Research additionally shows
that there are failures in achieving favorable clinical outcomes in delivering the
drug at the targeted site of action [20]. It has been found that a sufficient amount
of drug is spread among the normal tissues or organs which are not included in the
pathological process, frequently leading to harsh side effects. This envisions the need
for the development of systems for targeted drug delivery involving the delivery of
bioactive agents or drugs at the desired site of action [21, 22]. Thus, the biodegradable
polymeric surface is modified chemically or with different substances to remain in
systematic circulation for longer duration of time and reach the specific organ in
order to release the drug [6, 23]. The improvement in biodistribution of drugs and
pharmacokinetics could increase the compliance of patients and efficacy in therapy,
thus enhancing the outcome of the treatment [6]. Moreover, biodegradable polymers
have also been employed in the field of catalysis where they can be used as Pickering
emulsion stabilizers and participate in interfacial catalysis to remediate the pollutants
from water. In replacement of surfactants, surface-modified biodegradable polymers
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Fig. 1 Schematic representation of applications of surface-modified biodegradable polymers.
Reproduced with permission from [26-28]

are used as emulsion stabilizers as they are converted into particles to modify their
surface in such a way that they can be adsorbed at the interface of oil and water to
produce a stable emulsion consisting of these two phases [24, 25].

The methods of surface modification such as plasma treatment, corona treat-
ment, chemical modification, ultraviolet (UV) treatment, and their process param-
eters such as wavelength of UV, gas flow in plasma treatment, source in corona
treatment, etc., greatly affect the performance and functionality of these biodegrad-
able polymer-based systems or devices suggesting the need for focusing on these
methods. The selection of the modification method perpetually destines the prop-
erties in the enhanced polymer. Hence, this particular chapter pursues to focus and
stipulate a broad outlook on several methods for the treatment of surface of biodegrad-
able polymers in addition to their use (Fig. 1). Emphasis has also been given on their
durability, lifetime, and advantages/disadvantages of the particular method used for
modifying the surface.

2 Methods to Modify Surfaces

There is a wide range of methods to achieve the surface treatment of biodegradable
polymers. It is most commonly accomplished by modulating the surface energy
of the material in order to manipulate its adhesiveness and other properties such
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as wetting, releasing, or absorbing by subjecting the polymer to various treatment
processes such as chemical, ionic, or light-induced techniques to introduce different
functional groups on the surface of the material [29-31]. The surface roughness of
the biodegradable polymer can also be altered by chemical or mechanical processes
in order to modify the polymer top layer [32]. However, the various methods to
modify the surface of biodegradable polymers are discussed below.

2.1 Physical Routes

The use of techniques like extrusion, injection molding, and lamination modifies
the surface of polymer during the fabrication [33-35]. Physical method for polymer
surface modification induces micro and nanoscale roughness changing its wettability
while maintaining the existing polymer’s chemical nature. The change in rough-
ness of the surface helps in attaining properties such as superhydrophobicity to
attain several applications. The surface changes from hydrophilic to hydrophobic
as the roughness of the surface is altered [36]. Surface modification of the polymer
performed by physical methods is comparatively cost-effective, scalable, and simple.
These methods do not require any use of chemicals to make the method eco-friendlier.
This also increases the robustness of the modified polymer surface for use in industrial
applications [37]. In this method, the modification is different from other methods for
surface treatment where the treatment is accomplished as part of surface treatment
rather than the modification on the surface of the already formed polymer surface.
For example, Wang et al. prepared blend films of PLA/epoxidized soy oil/zeolite in a
melt blow mold by extrusion (Fig. 2). Zeolite was used as a nucleating agent and oil as
the plastizer to produce a film with a higher tensile strength [38]. The main advantage
of the modification performed by physical methods over other methods is that they
do not involve the use of any fluorine-based chemicals which are unsafe for environ-
ment. These methods are always preferred unless otherwise required. Nonetheless,
the approach of physical modification is constrained to thermoplastic polymers to
process in their solid or molten states, and not manipulating bulk properties of them
involving elasticity and mechanical strength.

2.2 Chemical Modification of Biodegradable Polymeric
Surface

Specific chemical reactions are involved in the chemical modification of polymeric
surface. Polymer brushes grafted on the surface of biodegradable polymers are an
attractive class of surface modification of biodegradable polymers as they have
controlled architectural features. These are the polymeric chains attached to a solid
substrate via one end. The functional groups present on the surface are exposed to
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Fig. 2 Schematic representation of the preparation of blown film of PLA reinforced with zeolite
and epoxy soybean oil as a plasticizer. Reprinted from Ref. [38] under a CC BY license
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Fig. 3 Schematic representation of “grafting-from” and “grafting-onto” methods for surface
modification. Reproduced with permission from Ref. [39]; Copyright 2020 Elsevier

react with the particular functional group present in the polymeric chains to graft
the polymer brushes bound to the material surface. As compared to the physical
method, chemical reactions are involved in the chemical method to chemically bind
the polymer brush to the surface of the substrate. It is a well-known fact that chemical
bonds are stronger than physical bonds and thus, a graft layer attached chemically
binds more firmly to the surface. Polymer brushes can be attached via a “grafting-to”
approach (chains of polymer are covalently bound to the surface) or via a “grafting-
from” approach (initiator molecules present on the surface allows the growth of
polymer chain from surface) [11] (Fig. 3).

Grafting-To
This approach involves the chemical reaction between the reactive groups present on

the surface of the substrate and the functionalized polymers. The characterization of
the grafted polymers and their structure in the grafting-to approach is more convenient
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as compared to the other technique. However, the effect of steric hindrance includes
the difficulty for grafting the polymer chains which generally reduces the grafting
density of the attached polymer.

Grafting-From

An active site present on the surface of the substrate is used to initiate the polymer-
ization in situ for the reaction of the monomer in this “grafting-from” approach.
This approach involves the growth of polymeric chains from the surface of the
substrate utilizing initiator moieties attached to the surface or self-assembled mono-
layers known as surface-initiated polymerization. As compared with the “grafting-to”
approach, this approach can effectively control the grafting density and thickness of
polymer brushes grafted on the surface with accurate precision. Moreover, densely
grafted polymeric chains onto the polymeric surface can be achieved, since small
initiator moieties and monomer molecules are interacting, thus devoid of crowding
problem caused by steric congestion.

2.3 Plasma Treatment

Inert gases like hydrogen, oxygen, and nitrogen during the plasma treatment disso-
ciate to react with surface of the substrate for changing the surface properties
like adhesion, wettability, and printability [40, 41] (Fig. 4). The gaseous mixture
composed of particles like free-ions, electrons, and radicals having no net electrical
charge is used to create plasma while interacting with electric field or radiation.
Photon emission takes place as the electron returns to the ground energy level causing
the plasma luminosity. There are two subcategories in which plasma can be divided
based on the temperature of the gas, i.e., thermal and cold (non-thermal) plasma [42—
44]. Thermal plasma consists of electrons at a very high temperature and charged/
neutral heavy particles which cannot be utilized in the modification of polymeric
surface as they are heat sensitive. However, in non-thermal plasma, charged and
neutral particles at low temperature are involved along with the electrons emitted at
high temperature. He, Ar, N and O, are inert gases that do not induce a polymer-
ized coating on the surface, rather they can induce or replace the functional groups
present on the surface or generate free radicals contributing to the modification of the
surface to create desired properties like improved hydrophilicity or adhesive proper-
ties [12]. Modification on the surface is achieved indirectly or directly. However, the
methods involved directly induce the free radicals when treated with inert surface
to manipulate them for applications which are targeted in nature, e.g. making them
hydrophilic to repel bacteria and improve the anti-adhesion property of the surface.
On the contrary, the methods involving the indirect methods comprised of grafting
of polymer [45]. The methods used for plasma treatment of the surface of the sample
decide its efficiency through the parameters such as type of gas used, frequency,
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Fig. 4 A scheme representing different gases involved in the treatment of plasma on a substrate.
Reproduced with permission from Ref. [48]; Copyright 2009 ACS

pressure, time, and power [46, 47]. However, the polymers face the recovery of
their hydrophobicity due to their inherent nature in order to attain equilibrium by
decreasing the surface energy. The reduction in surface energy takes place due to the
several processes involved such as chemical rearranging on the surface treated with
plasma, degradation and oxidation of the surface treated by plasma.

2.4 Corona Treatment

This treatment is associated with the non-local thermodynamic equilibrium of plasma
being created in air or active or inert gas atmosphere [49]. The corona discharge helps
in introducing the polar groups to improve the energy of the surface significantly
to affect the surface properties such as roughness, adhesion, and wettability. The
treatment of polymeric surface by the corona discharge has significantly undergone
advancements in the last decade. In this treatment process, power devices with logic
control have taken over the power supply being driven by the generator or manually
providing the more consistent parameters for the process such as time of exposure,
distance between the electrode and substrate, and the power (Fig. 5). Among these
parameters, the most important is the density of the power facilitating the increase
in surface energy by discharging ions in the presence of oxygen to create oxygenyl
functional groups depending on the application such as printing, extrusion or coating,
extrusion or printing of the material and variables involved in the process [50].
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Fig. 5 The schematic representation of the mechanism for corona treatment on solid substrate.
Reproduced with permission from Ref. [51] under CC BY license

2.5 Self-assembled Monolayers

In 1946, Zisman was the first scientist to report about Self-assembled monolayers
also known as SAM [52, 53]. They are assemblies of molecules formed sponta-
neously on a solid substrate by the gas or solution phase adsorption. However,
the molecules present in the gas or solution phase spontaneously adsorb to orga-
nize themselves in a singular layer on the surface to call them the self-assembled
monolayer. The common examples of polymer samples mounted on the surface are
protein, polyethylene glycol, and deoxyribonucleic acid (DNA) [54]. Gong et al.
synthesized carboxymethyl chitosan grafted Cis-3-(9H-purin-6-ylthio)-acrylic acid
polymeric prodrug which self assembles in presence of aqueous media into the
spherical micelles. These micelles were successful in the storage and release of
6-Mercaptopurin (6-MP) in the presence of glutathione (GSH) [55] (Fig. 6).

2.6 Layer-by-Layer (LbL) Self-assembly

Twenty years ago, Moehwald, Decher, and Lvov first propped the method of depo-
sition using LbL self-assembly [56]. In this method, self-organized polyelectrolytes
are adsorbed alternately on the surface of the material and form the films in the
form of polyelectrolyte multilayer (PEM) [47]. These PEM films are well known for
providing a huge surface area to adsorb a large number of biomolecules and main-
taining their biological activity. The process parameters are adjusted and controlled
to manipulate the growth of their internal structure. Aqueous conditions are utilized
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Fig. 6 Self-assembly of conjugates of chitosan—6-MP for self-assembly and the conjugates
releasing 6-MP. Reproduced with permission from Ref. [55] under CC BY license

to prepare the PEM films under mild conditions leading to a great advantage for
the use of bioactive agents and biopolymers. Therefore, wide use of the compo-
nents involved in the LbL process regulates their parameters and controls the cell
adhesion behaviour [45]. For example, Khademhosseini utilized micropatterns of
hyaluronic acid (HA) for immobilizing proteins and cells on a glass substrate. The
authors also utilized the HA surface for understanding the subsequent adsorption of
poly-L-Lysine (PLL) [57] (Fig. 7).

2.7 Ultraviolet (UV) Treatment

The treatment of the surface by the UV has proved to be efficient, effective, and
economical for non-contact purposes consisting of less number of processing steps.
The treatment of surface by UV alters and modifies the adhesion and wettability of the
polymeric surface. The surface modification is extended through the penetration into
the surface of polymer by a magnitude of tens of microns and is analyzed utilizing the
treatment conditions of UV involving intensity duration of treatment and wavelength.
The poor adhesion of polymers is due to their decreased surface energy and thus,
limits their applications. The adhesion or hydrophilicity of polymers can be enhanced
by the oxidation process using UV-Ozone or UV [58, 59]. The oxidation of polymer
with the breakage of polymeric chains into free radicals is caused by the irradiation
by UV to react with the atmospheric ozone or oxygen and forms hydrophilic groups
such as carbonyl or carboxyl. Time of irradiation, concentration of monomer, solvent,
and photo initiator controlled the extent of the modification of the surface. Oxidation
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Fig. 7 Deposition of HA-PLL on solid substrate. Reproduced with permission from Ref. [57];
Copyright 2004 Elsevier

by UV also creates roughness at nanoscale on the surface having RMS (root mean
square) value of 3-5 nm in addition to the formation of polar functional groups
containing oxygen which also contributes to the increase in surface polarity and
adhesion. For example, Gudko et al. explained the incorporation of nanoparticles
prepared from cadmium sulfide (CdS) in the polymer polyvinyl alcohol (PVA) for
enhancing the persistence to UV light. The defect formation was diminished due to
the nanoparticle incorporation in the polymer [60] (Fig. 8).
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3 Applications

3.1 Targeted Drug Delivery

A variety of different materials are employed as carriers of drugs such as synthetic
or natural polymers, surfactants, lipids, and dendrimers [61-64]. Among these, a
natural polymer known as chitosan has gained enormous consideration due to their
outstanding biological and physical properties. Due to the presence of various reac-
tive functional groups, it has offered a pronounced opportunity for modification
chemically to afford a varied range of derivatives like carboxyalkyl chitosan, N,N,N-
trimethyl chitosan (quaternized in nature), sugar-bearing chitosan, thiolated chitosan,
cyclodextrin-linked chitosan, bile acid-modified chitosan, etc. [65-68]. The deriva-
tives of chitosan are fabricated to improve the properties specific to the chitosan
native. The amphiphilicity is imparted in chitosan by the chemical modification
of their surface to synthesize chitosan-based self-assembled nanoparticles for their
potential applications in drug delivery. The nanoparticles contain a hydrophobic core
acting as microcontatiner or reservoir for the different bioactive agents. Nanopar-
ticles can be intravenously injected due to their small size for the application of
drug delivery. The targeting moieties are conjugated to the surface of the nanoparti-
cles loaded with the drug which improves the therapeutic efficiency of the drug. It
has been extensively used as delivery system for the drugs such as low molecular
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weight drugs, peptides, and genes. For example, the idea of polymer—drug conju-
gates for releasing small molecular hydrophobic drugs to the targeted site where the
action is required [68]. The drug—polymer conjugates consist of a polymer which
is soluble in water and is conjugated chemically through a biodegradable spacer to
the drug. This biodegradable spacer can be present in the stream of blood stably and
cleaved by degradation of enzyme or by hydrolysis at the site of target. In general,
the drug-conjugated polymer particles whose surface was decorated with targeting
moiety, can be selectively accumulated at the site of tumor to be followed by the
delivery of drug due to the spacer cleavage (Fig. 9). Due to this concept, various
conjugates of drug-polymer have recently been utilized in clinical trials at phase I/
II level. One important example is N-(2-hydroxypropyl)methacrylamide (HPMA)
drug conjugates based on copolymer like HPMA copolymer—doxorubicin conjugate
(PK1) and a targeting moiety of HPMA copolymer—doxorubicin conjugate having
galactosamine (PK2), employed for the primary or secondary liver cancer treatment.

/\/\/\ «» Low molecular weight chitosan
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Fig. 9 Schematic representation of the conjugates of chitosan and drug having a cleavable linker.
Chemical structure of a glycol chitosan—doxorubicin conjugate with the cis-aconityl linkage and b
chitosan—paclitaxel conjugate with the succinate linkage. Reproduced with permission from Ref.
[60]; Copyright 2010 Elsevier
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3.2 Biomedical Implant

For different biomedical applications such as biosensing, antibacterial coatings and
delivery of drugs, and modification of surface by polymeric brushes regardless
of their geometry have been widely studied [69]. Most importantly, anti-infective
polymer brushes tethered on biomedical implants are known to provide bacteria-
free implant surface which generally serves as platform to proliferate bacteria
causing infections when used inside the body. Therefore, polymer brushes are
considered as the essential modifications in the applications of antibacterial coat-
ings due to their good mechanical stability, thickness, roughness, and morphology.
During their adhesion on the surface, these polymer brushes are utilized for the
barrier in adhesion of bacteria or these coatings can kill the bacteria through
the mechanism known as contact killing. For instance, biodegradable surfaces
of polylactide (PLA) were covalently modified to immobilize polymers of three
different types showing effective antibacterial property. Three different polymers,
namely, poly(2-[(methacryloyloxy)ethyl]trimethylammonium chloride) (PMETA),
poly(poly(ethylene glycol) methacrylate) (PPEGMA), and poly(2-hydroxyethyl
methacrylate) (PHEMA) were grafted on the PLA surface via the technique known as
surface-initiated atom transfer radical polymerization (ATRP). These brushes were
tested against both Gram-negative (Escherichia coli) and Gram-positive (Staphy-
lococcus aureus) bacteria. Verma et al. found that the PLA surface modified with
PMETA exhibited the highest killing of bacteria. This work exhibited the creation
of polymer brushes on the biodegradable PLA surface having excellent antibacterial
property [70]. Dhingra et al. modified the biomaterials based on aliphatic polyester
derived from tartaric acid through the growth of antibacterial (PMETA) polymer
brushes and antifouling/antiadhesive (PPEGMA and PHEMA) polymer brushes
using surface-initiated polymerization (specifically ATRP). The authors explained
the process of synthesis for preparing the polyester based on tartaric acid in which the
protected hydroxyl groups can be unmasked and conjugated to the initiating moiety
of ATRP to grow the polymer brushes as mentioned above. The conditions used are
mild to prevent the degradation of backbone of the biodegradable polymer. PMETA
brushes contain cationic ammonium groups that exhibited the highest antibacterial
property. The authors have further expanded the work by blending the polyester based
on tartaric acid with PLA to form the 3D scaffold fabricated from 3D printing. These
scaffolds were used to grow PMETA polymer brushes for evaluating the antibac-
terial study against Gram-negative and Gram-positive bacteria and the test of cyto-
compatibility against the mammalian osteoblast cells (Fig. 10). The authors reported
a balanced antibacterial and cytocompatibility by the growth of PMETA brushes
onto the surface. Therefore, a cytocompatible coating which is anti-infective, stable,
and non-leaching can be used to address the infections originated from biomedical
implants [71].
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Fig. 10 3D scaffold of aliphatic polyester based on tartaric acid and their antibacterial and cell
compatibility study. Reproduced with permission from Ref. [63]; Copyright 2021 Elsevier

3.3 Cell Adhesion

Extracellular matrix (ECM) is a natural 3D structure that surrounds the cell when
present in vivo. To maximize the environmental simulation in vivo around the cells,
vast development in 3D scaffolds for meeting biological needs has been made.
Behavior of cells is affected by these developed 3D biological scaffolds offering
the most suitable tool for providing the real environment for growing cells. In this
regard, Dhingra et al. developed a brush system consisting of a copolymer of poly(3-
dimethyl-(methacryloyloxyethyl) ammonium propane sulfonate) (PDMAPS) and
poly((oligo ethylene glycol) methyl ether methacrylate) (PPEGMA) grown on the
aliphatic polyester as mentioned above. In a similar manner, a blend of PLA and
polyester was used to prepare 3D scaffold to attach the mixed copolymer brush on its
surface through SIATRP. Authors found 100% suppression of bacteria on the mixed
brush system as mentioned above. In addition, 100% cytocompatibility was also
found for mixed brush system comprising of PDMAPS and PPEGMA. These results
show a promising and innovative mixed brush coating revealing the high potential
in a durable implant used inside the body being anti-infective with preservation of
healthy cells [72]. Further, treatment by hydrolysis technique is simple that it can be
utilized for increasing the roughness of the surface in addition to the hydrophilicity
through the NaOH treatment. This method was used by Yuan et al. for functional-
izing the porous microspheres of PLGA using PLL (poly-L-lysine) shown in Fig. 11.
Briefly, the PLGA microspheres were hydrolyzed to form PLGA-OH to soak in PLL
solution kept overnight. Treatment by hydrolysis results in the creation of a homo-
geneous and interconnected porous structure due to the dissolution of a thin polymer
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Fig. 11 a Anillustration for the process involved in the formation of microspheres of PLL modified
porous PLGA. b Fluorescence images of microspheres stained with FDA after culturing by MG63
at different time. The scale bar is 200 pm. Reproduced with permission from Ref. [65]; Copyright
2018 Elsevier

around the pores. Finally, the authors found that the surface modification via the PLL
treatment promoted the initial attachment of cell and also found the improvement in
the interactions of cell matrix [73].

3.4 Interfacial Catalysis

Biodegradable polymers can be converted into solid particles whose surfaces are
modified to use them as an emulsion stabilizer. The anisotropically modified solid
particles having polymer brushes in hemisphere which are hydrophilic in nature
can employ a balance between hydrophilic and hydrophobic parts to use them as
an ideal surfactant, commonly known as pickering emulsion stabilizer [25]. Zoppe
et al. proposed an interesting work based on stabilization by pickering emulsion
stabilizers using polymer brush-modified anisotropic particles (PBMAP) [74]. The
authors have shown a system based on oil-in-water with heptane and water, respec-
tively. They utilized the thermosensitive polymer poly (NIPAM) to modify the
surface of anisotropic nanocrystals of cellulose for emulsion stabilization to form
poly(NIPAM)-g-CNC:s. This system having brush-modified anisotropic particles was
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able to stabilize the emulsion in oil-water for up to 4 months as compared to unmodi-
fied naked anisotropic solid particles of cellulose nanocrystals (CNC). Poly(NIPAM)
plays the role of reducing the interfacial tension among oil and water due to its
hydrophilic nature after the emulsification at the oil-water interface. Apart from this,
Ifra et al. experimented to form PLA based microparticles which are spherical and
anisotropic Janus type. These particles were fabricated through a technique known
as electrohydrodynamic co-jetting where two compartments consisting of macroini-
tiator containing polymers blended with PLA were co-jetted in side by side manner
so that macroinitiator (used to grow polymer brushes later) is present on one side of
the particle. The surface of these microparticles was utilized to graft pH-responsive
poly(DMAEMA) polymer brushes on one compartment selectively through SIATRP.
This modification of the surface of these microparticles imparted the amphiphilicity
in them. Further, this system was used and applied in stabilizing emulsion comprised
of octanol/water to form a pickering emulsion (Fig. 12). The authors found that the
amphiphilic Janus particles as a pickering emulsion stabilizer by tuning the pH of the
brush-modified particles was stable for more than 4 months [75]. They are considered
to contribute towards the green chemistry and sustainability with the promise to work
as an interfacial catalyst in various chemical reactions and cleaning of contaminated
water by degrading the waste via iron nanoparticles embedded in Janus particles.
Due to the amphiphilic nature, the particles were located at oil/water interface to
facilitate interfacial catalysis for remediating water.

Om

Fig. 12 A Scheme showing the pickering emulsion being stabilized by brush-modified Janus parti-
cles. B Digital images of pickering emulsion stabilized by Janus microparticles modified with
brush. C (a) Brightfield micrograph of pickering emulsion stabilized by Janus particles modified
with brush. (b) Fluorescence micrograph of droplet of pickering emulsion stabilized by dye-loaded
Janus particles and modified by brushes. Reproduced with permission from Ref. [67]; Copyright
2021 ACS
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4 Conclusion

In recent years, a novelty in research related to biomedical field has aimed at devel-
oping new methods for modifying the surface of biodegradable polymers to achieve
stable, infection-free, biomaterials. These modified biomaterials are widely applied
in the area of targeted drug delivery, tissue engineering, wound healing, and infection-
resistant coating. Therefore, the novel surface modification methods for biodegrad-
able polymers have emerged with developed traditional technologies, thus facili-
tating the manufacturing of durable functional surfaces of polymers. In this chapter,
the most common methods for polymer surface modification (physical, chemical,
SAMs, plasma, corona, UV) have been described with a focus on the methods to
alter the surface morphology and their properties in addition to their use in specific
areas for biomedical field. An attempt has been made to compare the surface modifi-
cation methods with the prospective area of applications. However, alternative surface
treatment routes for the modification of biomaterials are also emerging to achieve
similar surface properties to meet the needs of future for biomedical field. A wide
range of biodegradable polymers with their unexplored functionalities and properties
are being investigated to improve their surface-property relationship for broadening
their use in different applications in the real world.
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