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Polymer mediated Metal Nanoparticles and their Applications

Metal nanoparticles (MNPs) are an attractive category of nanomaterials that have captured
the interest of scientists, engineers, and researchers from several fields of study. The particles
under consideration exhibit sizes that typically range from 1 to 100 nanometers [1, 2]. These
particles are composed of a variety of metals, such as gold, silver, platinum, copper, silica,
and other transition metals, among others. The interesting feature of MNPs is their unique
and often unexpected characteristics that emerge at the nanoscale [3, 4]. The properties and
behaviors of MNPs diverge dramatically from those of their bulk counterparts, and these
distinctions open up a wealth of opportunities for innovation and application [5]. One of the
most noticeable properties of MNPs is their size. At nano scale, the quantum confinement
effects and surface effects become dominant, giving rise to a novel property. Size and shape
control is a hallmark of MNPs research. Whether it's spheres, rods, triangles, cubes, or more
complex geometries, researchers can precisely engineer the structure of these nanoparticles
[6]. MNPs also exhibit high surface area relative to their volume. This high surface area of
materials has a dual nature: on one hand, it makes them extremely effective for catalysis and
adsorption, as more active sites are available for chemical reactions and molecule adsorption
[7]. On the other hand, it can lead to increased reactivity and potential toxicity, which is an
essential consideration in their use, especially in biomedical and environmental applications.
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Figure 1: Metal nanoparticles and their applications
Polymers play an important role in the synthesis of MNPs, simplifying and enhancing the
process. They act as versatile templates, stabilizers, and growth regulators for these tiny but
potent materials. They serve as templates, offering a structured environment for the growth of
MNPs. By modifying the polymer's properties, such as chain length or functional groups, one



can tailor the nanoparticles to desired specifications. Polymers also provide stability to metal
nanoparticles, preventing them from clumping together or undergoing undesired reactions
[8]. This stabilization effect is crucial for the long-term functionality of these nanoparticles,
making them usable in various applications, from catalysis to biomedical devices [9].
Polymers, when used as capping agents or stabilizers, surround and shield the nanoparticles,
preventing them from clumping together. This stabilizing effect is vital for maintaining the
dispersibility and long-term stability of MNPs. Polymers can modify the surface chemistry of
MNPs [10]. Polymer-mediated metal nanoparticles often exhibit enhanced properties
compared to simple metal nanoparticles. For example, the polymer matrix can introduce
additional functionalities, such as improved mechanical strength, increased biocompatibility,
or enhanced electrical conductivity [9]. This combination of polymer and MNP properties
opens up new possibilities for a wide range of applications.
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Figure 2: Diverse properties of metal nanoparticles used for different environment application
The amphiphilic block copolymers have played a vital role and this class of materials has
been exploited in a variety of ways in the fields of chemistry, physics, material sciences, and
biological sciences [11]. Triblock copolymers of poly(ethylene oxide) (PEO) and
poly(propylene oxide) (PPO), also known as Poloxamers and sold commercially as
Pluronics® (BASF), are known for their surface-active properties, which come from their
non-compatible blocks (hydrophilic PEO and hydrophobic PPO) [12]. These Pluronic



polymers (PEO-PPO-PEO block copolymers) are self-assembled into a variety of
morphological structures depending upon the block copolymer concentration, PPO/PEO
composition, temperature, and the presence of additives [13]. Pluronics' high surface activity,
temperature-based micellization, and reversible thermo-rheological behaviour make them
versatile materials with applications in the cosmetics, food, coatings, paints, petroleum, and
pharmaceutical industries [14]. Pluronics act as stabilizing agents for MNPs by forming a
protective layer around them. This prevents their aggregation, ensuring colloidal stability and
preventing the nanoparticles from undergoing precipitation or agglomeration.

The amphiphilic nature of Pluronics allows for control over the size and morphology of
MNPs. By adjusting the concentration, composition, and molecular weight of the Pluronic,
researchers can influence the size and shape of nanoparticles, enabling the production of
uniform and well-defined structures [15]. Pluronics are biocompatible and widely used in
biomedical applications due to their non-toxic nature. Their amphiphilic structure also
facilitates interactions with biological systems, making them suitable for drug delivery,
imaging, and therapeutic applications. Pluronics offer versatility in synthesizing various types
of MNPs (e.g., gold, silver, platinum) and allow fine-tuning of their properties, such as
optical, catalytic, and magnetic characteristics, by controlling the Pluronic-nanoparticle
interactions. The synthesis of MNPs using Pluronics is relatively straightforward and
scalable, making it an attractive method for large-scale production [16].

To understand the importance of polymer mediated metal nanoparticles, the present research
was aimed at developing and well-characterizing MNPs (specifically copper and silica NPs)
using Pluronic polymers as stabilizing agents and/or reducing agents for various useful
applications such as antimicrobial activity, dye degradation, CO> adsorption, and dye
removal.

The structure of Pluronic polymers used in the present research work is shown in Figure 3
and their characteristic is listed in Table 1.
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Figure 3: Molecular structures of Pluronic polymer (m= EO, n=PQO)

Table 1: Molecular properties of studied Pluronics.
Pluronics®  Mol.Wt. Composition % PEO CP of HLB

(g mol ) 1% (°C)
F127 12600 EO100POssEO 100 70 >100° 22
F88 11400 EO104PO4EO 04 80 >100° 28
L64 2900 EO3PO3EO3 40 58° 14
L35 1900 EO11POEO1; 50 73° 19
L121 4400 EOsPO7EO:s 10 14° 1
P123 5750 EO20PO7EO20 30 90° 8

Not only that, the other polymer that has also been used in the present research is chitosan for
the development of MNP composites. Chitosan, a biopolymer, can be produced from chitin.



Chitosan (shown in Figure 4) has desirable properties such as being nontoxic, having a high
charge density, having reactive hydroxyl and amino groups, and having better hydrogen
bonding capacity. These features of chitosan have made it an attractive material for various

applications.
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Figure 4: Molecular structure of chitosan polymer

The developed Pluornic mediated copper nanoparticles (CuNPs) have been evaluated for
their antimicrobial applications as well as photocatalysts for common textile dye degradation.
Other Pluronic meadited and chitosan-based silica nanoparticles (SiO2NPs) were studied for
their potent applications in CO; adsorption and common dye removal.

In order to examine Pluronic mediated metal nanoparticles, a range of sophisticated
characterization techniques were employed. Some of these were spectral, like FTIR, UV-
Visible, and UV-Fluorescence spectroscopy; thermal, such as TGA and DTA; optical, like
TEM and SEM; scattering, such as DLS, Zeta, and versatile XRD; and EDX spectroscopy.
We also utilized the Brunauer-Emmett-Teller (BET) method for surface analysis. The
synthesized Pluronic-mediated metal nanoparticles were evaluated in a series of studies,
including antimicrobial activity, dye degradation, CO2 adsorption, and dye removal.

In order to meet all objectives, the contents of the present thesis are summarized into seven

chapters.

Chapterl: General Introduction

MNPs and polymer mediated MNPs and their applications have been reported using the most
recent research relevant to this chapter. The introduction of Pluronic polymers and their role
in the development of MNPs as stabilizing agents and reducing agents have been discussed.
This chapter gives an organized overview of the important research results in the field of
developing copper nanoparticles (CuNPs) and silica nanoparticles (SiO2NPs) using polymers.

Chapter 2: Materials and Characterization Methods

The details of materials involved in the present research work, like Pluronics, chitosan,
reducing agents, and precursors of MNPs, have been provided in this chapter. This chapter
presents the basic profiles and calibration curves of various organic dyes used for dye
degradation and removal studies. Various methods and techniques, along with their
specifications, used in the present work will be shown in this chapter, along with their
parameters for data evaluation.



Chapter 3: Pluronic mediated copper nanoparticles for antimicrobial applications:
Investigating the role of Pluronic concentration

In this chapter, the development of copper nanoparticles (CuNPs) with antimicrobial
activities shows high potential for various clinical applications. We herein synthesized
Pluronic (F127) mediated CuNPs with improved oxidative stability using a simple process
that included environment friendly Vitamin C (ascorbic acid) as a reducing agent and
nontoxic F127 polymer as a stabilizing agent. To optimize the reducing agent, the effect of
the molar ratio of ascorbic acid-to-Cu®* salt was investigated through fluorescence
measurements. The synthesized F127 mediated CuNPs were characterized using UV-Vis,
DLS, Zeta potential, XRD, FE-SEM, and also EDX analysis. The UV-Visible spectrum
presented that the inclusion of F127 improved the efficiency of CuNPs synthesis. In addition,
DLS demonstrated that when the concentration of F127 was increased, the particle size of
CuNPs was reduced. According to the XRD patterns, all the CuNPs are fcc-structured and
crystalline. The FE-SEM and EDX images indicated the cubic morphology and the absence
of any oxides of copper. The synthesized CuNPs have different particle sizes, showing strong
antimicrobial activities against Gram-negative and Gram-positive bacteria as well as
funguses. Our findings suggest that F127 mediated CuNPs could be a new way to fight both
human and plant pathogens [17].
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Figure 4: (4) Size distribution curve of the blank and Pluronic mediated CuNPs at RT (B) FE-SEM images of
the blank and Pluronic mediated CuNPs (C) X-ray diffraction patterns of the blank and Pluronic mediated
CuNPs (D) Growth inhibition of the blank and Pluronic mediated CuNPs against F. oxysporumafter 3 days, 5
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Chapter 4: Pluronic mediated copper nanoparticles as photocatalyst for dye
degradation

Pluronic-mediated copper nanoparticles (CuNPs) were fabricated using the reducing agent
sodium borohydride in the micellar media of different Pluronics (L121, P123, and F127)
using cost-effective microwave techniques. The microwave-irradiation used to create CuNPs
has been optimized. All Pluronic-mediated CuNPs fabricated emit red light and have been
thoroughly characterized using a range of advanced techniques. The results showed that the
hydrophilic PEO and hydrophobic PPO parts of the Pluronic have a countable impact on the
particle size and stability of the CuNPs. When compared to the other two Pluronic micellar
media, the Pluronic F127 mediated CuNPs (CuNPsF7) performed better in terms of
uniformity, size reduction, and stability. In this context, CuNPsF7 has been investigated as a
powerful photocatalyst for the degradation of textile anionic (Congo red and methyl orange)
and cationic (Methylene blue and rhodamine B) dyes. When compared to blank CuNPs, the
results confirmed that the CuNPsF7 followed pseudo-first-order kinetics and significantly
increased the rate and efficiency of dye degradation. In conclusion, the Pluronic-mediated

CuNPs serve as potent photocatalysts to remove organic dyes in the treatment of waste water
from textile industries [18].
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Figure 5: (4) Fluorescence spectrums of the blank CuNPs fabricated at various microwave- irradiation time
and color alteration during the fabrication of CuNPs (B) Size distribution curves of blank CuNPs and Pluronic-
mediated CuNPs dispersions (C) FE-SEM images of the CuNPs and Pluronic-mediated CuNPs (D) (a) UV-Vis
spectra of CR dye degradation using blank CuNPs, (b) UV-Vis spectra of CR dye degradation using CuNPsF?7,
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Chapter 5: Pluronic mediated silica nanoparticles with chitosan as composite for CO2
adsorption

In this chapter, peanut shell ash (PSA) was used for the synthesis of SiO,NPs with mediation
of Pluronic polymer. Here various types of Pluronic were used as stabilizers and size-
controlling agents during the preparation process. Mesoporous chitosan-SiO2NPs composite.
The prepared nanoparticles and composite were characterized using DLS, Zeta potential,
TEM, FTIR, XRD, TGA, EDX, and BET. From the TEM micrograph, composite had a
sphere-like, uniformly distributed surface. The average size of composite was 18 nm which
was confirmed by TEM. The mesoporous structure of composite was characterized with N»
adsorption and desorption measurements. We evaluated CO> adsorption using a volumetric
method. Composite showed a maximum CO; adsorption capacity and a high selective
separation capacity for CO2/N>. We discussed the impact of amines on carbon dioxide
adsorption. Stable CO: adsorption and desorption were confirmed after 10 cycles of
experiments. Therefore, composite exhibit great potential for CO» capture.
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Figure 6: (A)(a) FE-SEM image of the composite and (b) TEM image of the composite (B) XRD
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Chapter 6: Pluronic mediated silica nanoparticles with chitosan as composite for the
dye removal

Silica nanoparticles (SiO2NPs) from renewable sources can be utilized in various materials,
including paints, fuel cell membranes, Li-ion batteries, adsorbents, and catalysts. This study
explores a method for producing very pure SiO2NPs from peanut shell ash (PSA) with
mediation of Pluronic polymer. Chitosan was deposited on fumed silica without crosslinkers



or activators to prepare Ch-SiO>NPs. Chitosan surface layer has high affinity for organic
molecules like congo red dye and is robust to a wide range of simulated conditions
(temperature, time, solute concentration). They were used as an adsorbent material to remove
Congo red dye from aqueous solutions. The Generalized Langmuir (GL) equation was used
to analyze experimental equilibrium data with the adsorption system's energetic
heterogeneity. The temperature effect on dye uptake and adsorption was examined.
According to studies on the impact of temperature on adsorption equilibrium, the maximum
adsorption capacity of synthesized Ch-SiO2NPs composite towards Congo red is about 2.5
times faster for 50°C than 10°C. The SiO;NPs and Ch-SiO.NPs were characterized using
various techniques, including DLS, zeta potential, EDX, TEM, X-ray diffraction, surface
area, pore distribution, FTIR, and TGA analyses. The Ch-SiO>NPs adsorbent could be
reused up to six times after congo red adsorption, which was excellent. The results show that
PSA waste material can be used to produce highly pure nanosilica adsorbents with high
adsorption capacity and reuse potential.
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Figure 7:(4) (a) Size distribution curves (b) Zeta potential profile (B) (a) N: adsorption adsorption-
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Chapter 7: Summary and Conclusions

The thesis end with a summary of all the reported work and general conclusions drawn from

the investigations.
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