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Abstract

Metal nanoparticles have been studied for their unique physical and chemical properties which make them efficient in various models
and applications. Specifically, Silver nanoparticles (AgNPs) and Gold nanoparticles (AuNPs) have recognizable importance in
chemistry, physics and biology because of their unique electrical, photothermal and optical properties. The size, surface chemistry,
dispersion media and shape of AgNPs and AuNPs have a profound impact on their properties. The need to synthesize AgNPs and
AUNPs with a predetermined size, shape and fair stability has been growing over the past and present decades. Several methods have
been developed in the recent past, they include; chemical reduction, photochemical reduction, radio-lytic methods and electrochemical
techniques. Most of these methods have shown success in the synthesis of AgNPs and AuNPs but their potential to provide smaller
particle sizes and prevent agglomeration is still a major drawback. The use of polymeric materials as reducing agents and stabilizers is
a promising method for obtaining monodispersed AgNPs and AuNPs with desirable stability. The current study demonstrates the
feasibility of synthesizing small-sized AgNPs and AuNPs with better stability using nanostructured polyamic acid (PAA) as both
reducing and stabilizing agent under the condition of room temperature. Polyamic acids are a class of polymer formed through
polycondensation reactions between a dianhydride and a diamine. The amine and anhydride groups react to form carboxylic acid
groups which release electrons in the reaction thereby reducing silver and gold ions. The carboxylic acid groups then encapsulate the
newly formed AgNPs and AuNPs stopping their further growth and hence preventing them from agglomeration. Studies using UV-
Vis spectrometry showed absorption spectra that correspond to the peaks of silver and gold nanoparticles. The bands in the region of
425nm to 433nm confirmed peaks for AgNPs while 533nm to 541nm confirmed peaks for AuNPs. The Mie’s equation depicted
estimated particle sizes ranging between 26nm to 32nm and 24nm to 30nm for AgNPs and AuNPs respectively. The Surface Plasmon
Resonance (SPR) bands remained unchanged over a period of beyond three months depicting better stability of the silver and gold
nanoparticles. Therefore, it can be correctly concluded that PAA is a prominent reducing and stabilizing agent in the synthesis of
stable AgNPs and AuNPs.
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1. Introduction

In the recent past, noble metal nanoparticles have attracted synthesis adopted (Sajid and Plotka-Wasylka, 2020). One of
significant attention due to their characteristic quantum size the major challenges in the synthesis of AgNPs and AuNPs is
effects and large surface area to volume ratio. These have not only to control particle size but also to stabilize the
made Noble metal nanoparticles to be important in a wide nanoparticles as well (Kulkarni and Muddapurm, 2014).
range of applications in several fields including medicine and AgNPs and AuNPs pro\/ide a more interesting research area
biology (Di Guglielmo et al., 2010; Khan et al., 2014). due to their valence bands and close-lying conduction in
Research done over the last decade has clearly shown that the which electrons freely move. The freely moving electron(s)
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gives rise to an absorption band which depends on both the
particle size and chemical environment. Thus the colour varies
depending on the method of synthesis and the state of stability
of the nanoparticles (Christy et al., 2015). The fundamental
challenge in the application of AgNPs and AuNPs is
associated with the stability of their dispersion in solvents
allowing prevention of the agglomeration process.
Agglomerations has been reported to cause loss of plasmonic
functionalities (Singh et al., 2012; Dai et al., 2014). Many
methods have been proposed for the synthesis of AgNPs and
AuUNPs.  These include  photochemical  reduction,
electrochemical techniques, radio lytic methods, and chemical
reduction among others (Shah et al., 2015). These methods
have been successful in producing nanoparticles but their
inherent properties to agglomeration are a major drawback.
Agglomeration of nanoparticles arises from van der walls
interactions between particles. It is believed that the use of
nonionic, anionic and cationic polymer materials as a
stabilizer is a promising method of obtaining dispersed
nanoparticles with fair stability (lbrayeya et al., 2013). The
mechanism of stabilizing Novel metal nanoparticles by
polymers is obtained via two kinds of protection mechanisms.
These mechanisms include electrostatic stabilization which is
based on the double layer repulsion between the particles and
steric stabilization of the particles achieved by physical
adsorption of the polymer chains on the surface of particles
(Baygazieva et al., 2014). Stabilizing agents must be present
during nanoparticle synthesis, nucleation and growth, without
which, neither AgNPs nor AuNPs can maintain their structures
and will aggregate resulting in loss of plasmonic functionality
(Grillet et al., 2013; Dai et al., 2014; Ustarroz et al., 2017). A
highly reactive intermediate of polyimides, polyamic acid
(PAA) can be used as both a reducing agent and stabilizer for
the synthesis of AuNPs and AgNPs due to its high charge
density. PAA also has the advantage of having very good
mechanical stability and undergoes structural change only at
extreme conditions for example high temperature. (Kariuki et
al., 2015). Various PAAs have been studied for the synthesis
of AuNPs and AgNPs (Kimotho et al., 2020). However, to the
best of our knowledge, the stabilization of AuNPs and AgNPs
by PAA prepared from 4, 4’-Oxidianiline (ODA) and 4, 4-
oxydiphthalic anhydride (ODPA) as monomers in
Dimethylfomaldihyde (DMF) at room temperature (25 °C) has
never been reported. Our work aimed to investigate the
potential of PAA synthesized at room temperature to
synthesize and stabilize AgNPs and AuNPs for 90 days at
room temperature. The effect of variation in the PAA
concentration used on the stability of the nanoparticles was
also investigated.
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2. Methodology

2.1. Chemicals and Materials

4,4-Oxidianiline (ODA), 4, 4-oxydiphthalic anhydride
(ODPA), Commercial Gold nanoparticles and Commercial
silver nanoparticles were purchased from Sigma Aldrich,
USA. N,N dimethylformamide (DMF), AuCl; and AgNOs3;
were all analytical grades and were used with no further
purification. Glassware were treated with regia solution (1V
HNOa: 3V HCI), rinsed with distilled water and dried.

2.2. Synthesis of Polyamic acid

The synthesis of PAA was based on the method described by
Cao et al.,, (2020) but with some madifications. Briefly,
210.25 mg of ODA was dissolved in 10 ml DMF and stirred
under nitrogen at room temperature for 10 minutes. This was
followed by the addition of 293.30 mg of ODPA that was
added slowly for 1 hour while stirring until the mixture
became homogeneous. The mixture was stirred at 500 rpm
under nitrogen for 24 hours. The mixture turned yellow with
an increased viscosity indicating the formation of PAA.

2.3. Synthesis and stabilization of AgNPs

The synthesis and stabilization of silver nanoparticles was a
modification of the work previously reported by Velgosova et
al., (2017) and Kimotho et al., (2020). In this procedure, 5 mg
of AgNO; was dissolved into 10 ml DMF, and then different
amounts (20 pL, 50 pL and 100 pL) of PAA added. The
mixture was then stirred at 500 rpm for 24 hours at room
temperature. The reduction of silver ions to silver
nanoparticles was confirmed by the gradual change of colour
from clear to dark brown. To determine the stabilization of the
AgNPs, the mixture obtained was stored at room temperature
(25 °C) on the bench for 98 days with regular characterization
using UV-Vis spectrometer.

2.4. Synthesis and stabilization of AUNPs

The synthesis and stabilization of gold nanoparticles was
modified from the method previously reported by Nguyen et
al., (2021) and Kimotho et al., (2020). 2.88 mg of AuCls; was
dissolved in 10 ml DMF then different amounts (20 pL, 50 pL
and 100 pL) of PAA were added. The mixture was then stirred
at 500 rpm for 24 hours at room temperature. The reduction of
gold ions to gold nanoparticles was remotely confirmed by the
gradual change of colour from clear to dark purple. To
determine the stabilization of the AgNPs, the mixture obtained
was stored at room temperature (25 °C) on the bench for 98
days with regular characterization using UV-Vis spectrometer.
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2.5. Sample characterization

UV-Vis absorption measurements were performed using a
UV-Vis spectrometer (Hewlett Packard 8453) in dual beam
mode from 350nm to 600nm and 500nm to 650 for AgNPs
and AuNPs respectively. DMF was used as blank. The
nanoparticle size was determined from the data obtained from
the UV-vis using the Mie’s equation below (Mie, 1908).

h?n?  1.8e*
Enanoparticle — Epuix = W + ?

Where Enanopariicle  and  Epui  are the band gaps (eV) of the
sample and the bulk semiconductors respectively, h is the
Planck’s constant (6.62607 x 103 m? kg s?), u is the
electron—hole reduced effective mass, R is the radius of the
nanoparticle confinement region while € is the dielectric
constant and e is the elementary electric charge (1.6022 x1071°
C).

3. Results and Discussion

A preliminary confirmation test was used to predict the ability
of the PAA to synthesize AUNPs and AgNPs by observing the
appearance of the characteristic colours of the individual
nanoparticles dispersed in DMF as the liquid medium. The
colour change to dark brown predicted the formation of
AgNPs while the colour change to dark purple predicted the
formation of AuNPs. This was in agreement with the findings
of Rezazadeh et al., (2020) and Malarkodi et al., (2013). The
reduction of Ag* to Ag®and Au®* to Au® by PAA was possible
due to the presence of carboxyl and hydroxyl groups within
the structure of PAA. These groups reduce metallic ions by
donating electrons and hydrogen atoms that get stabilized by
the anionic functional groups in the polymer structure (Prabu
and Johnson, 2015).

3.1 Spectroscopic measurements

UV-Vis spectroscopy was employed to provide valuable
information on the identity, size and distribution of
nanoparticles based on Surface Plasmon Resonance (SPR).
The SPR bands are usually as a result of the interactions
between the electron cloud on the nanoparticle surface and the
incident electromagnetic radiation (Labulo et al., 2016). The
bands in the region of 425nm to 433nm confirmed peaks for
AgNPs. These findings agreed with what was reported by
Wan et al., (2020). According to Sowmyya and Lakshmi,
(2018), the estimated size of AgNPs around these SPR bands
ranges from 10 to 30nm. As postulated by Mie’s equation, the
silver nanoparticle size obtained in the present study ranged
between 26nm to 32nm. On the other hand, SPR bands centred
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between 533nm-541nm of UV-Vis absorption spectra
confirmed peaks for AuUNPs. These findings were in
agreement with those reported by Fanoro et al., (2021). As
postulated by Mie’s equation, the gold nanoparticle size
obtained in the present study ranged between 24nm to 30nm.
The AgNPs and AuNPs were subjected to test on the first day
of synthesis and the results were as shown in Figure 1a-b.
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Figure 1: UV-Vis absorption peaks for (a) AgNPs and (b)
AUNPs. Values are expressed as mean + standard deviation
(n=3).
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Figure 1 (a) shows UV-Vis spectra for AgNPs produced by
varying amounts of PAA ranging from 20uL to 100 pL and
(b) shows UV-Vis spectra for AuNPs produced by varying
amounts of PAA ranging from 20uL to 100 pL (The insets
show the absorbance depending on the amount of PAA used).
It can be deduced that there was no significant difference in
the SPR bands shown by each of the nanoparticles formed
with respect to the amount of PAA used as a reducing agent
this shows that similar particles of silver were synthesized
regardless of the change in the amount of reducing agent used.
But there was a gradual decrease in the intensities of
absorbance of both AuNPs and AgNPs with respect to the
amount of PAA used in the reduction process from 20puL to
100 pL. This could be due to an increase in the number of
AgNPs and AuNPs formed due to an increase in the amount of
the reducing agent.

There was a shift of surface plasmon bands at around 425 to
429nm for AgNPs between day one and day 42 when 100 pL
was used as shown in Figure 2.
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Days of Storage
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Figure 2: Surface plasmon bands for the different days.

The results indicated a significant difference between day 1,
day 7, day 14 and day 42 (one way ANOVA at a confidence
level of 95% and the Tukeys multiple comparisons test,
0=0.05), n=3.

According to Kurmar et al., (2018), a shift to the longer
wavelengths of UV-Vis indicated the formation of bigger-
sized nanoparticles. But after day fourteen there was no
significant change in the wavelengths of both AgNPs and
AuUNPs up to day 98. This indicated no further growth of the
nanoparticles hence particles were protected from
agglomeration. These results were superior to the work
published by Velgosova et al., (2017) where the AgNPs
synthesized using algae Parachlorella kesslerias stabilizers
showed a loss of stability after 20 days of storage under room
temperature. This confirms that PAA has better stabilizing
ability.
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4. Conclusion

A simple protocol for synthesis and stabilization of
monodispersed AgNPs and AuNPs of small size regime has
been developed. The stability of the nanoparticles was
achieved by using PAA which successfully minimized
agglomeration of the nanoparticles for a storage period of
above 90 days at room temperature.
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