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Abstract

In this work, the biological and physical properties of colloidal platinum (PtNPs) and cobalt (CoNPs)
nanoparticles were examined for antibacterial applications. The colladial PtNPs and CoNPs
nanoparticles were produced using two different liquids (double-distilled water (DDDW) and Dulbecco’s
Modified Eagle’s Medium (DMEM)) by laser ablation technique (PLAL). Characterization techniques such
as transmission electron microscopy (TEM), UV-vis spectroscopy and Fourier transform infrared (FTIR)
were used to determine some physical properties of PtNPs and CoNPs. The antibacterial effects
ofcolladial PtNPs and CoNPs at different doses on various bacteria were investigated and their
antibacterial activity resistances were calculated by measuring the inhibition zone widths. The effect of
the liquid used in the production, the type of bacteria and dose amounts on the antibacterial resistance of
these nanoparticles were determined. In this study, it has been shown that the liquid used in the
production of PtNPs and CoNPs can create significant changes in the physical and antibacterial
properties of nanoparticles, especially by changing the size and concentration of collodial PtNPs.

1. Introduction

Nanotechnology has a significant influence on a variety of scientific and technological sectors, including
health, electronics, energy, and the space industry. Nanoparticles have distinct physicochemical,
optoelectronic and biomedical properties that can be useful in various applications [1].

Colloidal nanoparticles can show different physcachemical, optical, magnetic, catalytic, antibacterial and
pharmaceutical agents properties depending on the production techniques. Therefore, many studies have
been carried out recently on the production, characterization and application areas of colladial particles
[2]. Colloidal platinum (Pt) and cobalt (Co) nanoparticles are frequently used in materials science, physics
and chemistry [3]. Platinum (Pt) is an important nanoparticle that may have biological applications such
as DNA damage glycation, cancer therapy, glucose sensors [4] and cancer therapy [5, 6]. Platinum
nanoparticles (PtNPs) are important in a variety of sectors, including medicine [7]. Pectin and sodium
borohydride were used as capping and reducing agents for the synthesis of platinum nanoparticles with
strong antibacterial activity [8]. The two primary approaches to NP synthesis are the bottom-up method
and the top-down approach. A top-down technique is demonstrated by the ablative pulsed laser (APL) [9].
The ablation of solids in liquid environments, such as metals, semiconductors, ceramics, and alloys, is a
practical method for the synthesis of nanomaterials (pure water or a water solution of a stabilizing
agent). This method creates very pure nanoparticles with less agglomeration and is noticeably simpler to
utilize than chemical methods. Using APL in liquid, PtNPs of various sizes, shapes, and properties may be
created. [10]. The production of high-purity PtNPs in pure water has proven successful [11-14]. Cobalt
oxide (Co30,) is a transition metal oxide and a p-type semiconducting material [12]. They have also been
employed as photocatalysts in antibacterial, antioxidant, and anticancer applications, as well as for the
breakdown or adsorption of dyes and organic pollutants. CONPs have promising remediation potential
since they are effective at degrading contaminants for which they have an affinity and are also less
costly than noble metals [15, 16]. Because of their high surface area, CONPs have gained a lot of
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attention because they are less expensive than noble metal nanoparticles (NPs) and have various
characteristics, such as electrical and magnetic. CoNPs have been investigated as a therapeutic agent for
disorders such as microbial infection, making them appealing for biomedical uses. CONPs are harmless
in the body at low concentrations, exhibit high antibacterial and antifungal activity at low doses, and
have fewer adverse effects than antibiotics [7, 17, 18]. The capacity to create multifunctional
nanoparticles that can perform a variety of biological tasks is seen as a significant achievement.
Nanotechnology encompasses materials, thin films, and electronics manufactured at this size. The
diameter range should only be expanded from 1 to 100 nm [18]. Functional nanoparticles have been
covalently bonded to biological components such as peptides, proteins, nucleic acids, or small-molecule
ligands to carry out certain tasks [21-23].

Different production techniques of nanoparticles have been reported as sol-gel, chemical reduction,
thermal decomposition, microwave irradiation, radiolysis, ultrasonic irradiation, and laser ablation [15].
Among these techniques, laser ablation involves irradiating a solid with a laser beam to remove the
materials from it.; [6, 7]. Pulsed laser ablation (PLAL) in liquid is an economical and practical technique
that does not require vacuum and the main use is weak agglomeration and impurity-free.

In this study, we produced colloidal PtNPs and CoNPs nanoparticles using pulsed laser ablation (PLAL)
technique in different liquid medium and were reported the effect of liquid medium on the structural,
optical and molecular properties. In addition, the antibacterial activity of colloidal PtNPs and CoNPs was
investigated. These nanoparticles were researched in the fight against antibiotic-resistant bacteria and
their effectiveness against antibiotic-resistant microbes was determined.

2. Experimental Details
2.1. Production of PtNPs and CoNPs

In this study, the production of PtNPs and CoNPs nanoparticles was produced using laser ablation
technique. Colloidal solutions of PtNPs and CoNPs nanoparticles were prepared in double-distilled water
(DDDW) and Dulbecco's Modified Eagle's Medium (DMEM) using the pulsed laser ablation technique, by
bombarding a high-purity (99.99%) (platinum and cobalt) target. Experimental details are given Table 1
and Fig. 1.
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Table 1
Experimental parameters

Nanoparticles PtNPs and CoNPs PtNPs and CoNPs
Liquids Double-distilled water DMEM

Laser type Nd-YAG laser Nd-YAG laser
Wavelength 1064 nm 1064 nm
Average power 600 mJ 600 mJ

Pulse 300 300

Intensity 12.23 J/m® 12.23 J/md
Pulse duration 10 nanoseconds 10 nanoseconds
Repetition frequency 6 Hz 6 Hz
Temperature 37°C 37°C

Focus Diameter 3.5 3.5

Figure 1

2.2. Characterization of PtNPs and CoNPs

The structural, optical and molecular properties of PtNPs and CoNPs were investigated using
Transmission Electron Microscope (TEM), Fourier-transform infrared spectroscopy (FTIR), UV-Visible
spectphotometer (UV-vis). TEM analysis was carried out using a Hitachi H-7650, Germany model
Transmission Electron Microscope and the size distribution and shape of NPs was obtained by these
measurement. For optical anayysis, UV-Visible absorption spectra measurements were carried out using a
UVIR-210A SHIMADZU spectrophotometer over a wide range of wavelengths (200-900 nm). The FTIR
spectrum is recorded using a range of (500-4000) cm™ for the suspension to validate the creation of
PtNPs and CoNPs.

The bacteria strains used to determine the antibacterial activity were escherichia coli (E. coli) and bacillus
subtilis (B. subtilis). These strains were calculated using the Kirby Bauer disc diffusion method. The
antibacterial activity tests were examined for PtNPs and CoNPs prepared in both DDDW and DMEM for E.
coli and B. subtilis bacteria. These samples were named separately and are given in Table 2.
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Table 2
The name of PtNPs and CoNPs for antibacterial activity test

Nanoparticles Liquids

Double-distilled water  Dulbecco’s Modified Eagle's Medium

(DDDW) (DMEM)
CoNPs CoNPsO CoNPsT1
PtNPs PtNPs2 PtNPs3

2.3. Statistic evaluation

All information was reported as mean SD in the results section. One-way analysis of variance was used
to evaluate the data using the software sigma plot v12 (ANOVA).

3. Results And Discussion
3.1. TEM anaylsis of PtNPs and CoNPs

Figure 2 (a) and (b) shows the TEM images and particle size distribution corresponding to TEM analysis
of PtNPs obtained under different ablation liquids, respectively. Figure 1 shows that PtNPs have a
spherical shape, with little aggregation observe in the as-prepared DDDW and DMEM liquids. It was
determined that the grain sizes of PtNPs3 produced in DMEM have smaller than PtNPs2 produced in
water. PtNPs2 produced in DDDW have a more heterogeneous structure compared to the others. Because
of this, the particles clustered together and the PtNPs2 are more opaque. This case also affected the
absorption of the PtNPs2 nanoparticles (Fig. 4 (a)).

Figure 2 (b) shows PtNPs2 and PtNPs3 nanoparticles the particle size distribution histogram. The particle
sizes of PtNPs2 nanoparticles ranged from 5 to 40 nm while the particle sizes of PtNPs3 nanoparticles
were about 5 to 50 nm.

Spherical PtNPs2 and PtNPs3 nanoparticles of average particle size varies are obtained as 12-20 nm,
respectively. The particle size of PtNPs produced in water was obtained smaller than the others.

Figure 2

Figure 3 (a) and (b) shows the TEM images and particle size distribution corresponding to TEM analysis
of CoNPs obtained under different ablation liquids, respectively. The CoNPs showed a rod and spherical
shape with few aggregations that were observed in the medium of double distilled water and DMEM
nanoparticles (Fig. 3). The particle sizes ranged from 15 to 55 nm, with an average of 38 nm.

Figure 3
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3.2 Optical absorption analysis

Figure 4 shows absorbance spectra of PtNPs and CoNPs nanoparticles. According to Fig. 4 (a), the
absorption edge of PtNPs2 nanoparticles produced in water was observed at long wavelengths while that
of PtNPs3 nanoparticles produced in DMEM was observed at shorter wavelengths. In addition, the band
edge structure nad absorsbans values changed depending on the type of liquid used. PtNPs2
nanoparticles have higher absorbance value than PtNPs3 while PtNPs3 nanoparticles have shaper band
edge than PtNPs2. This depends on the particle size and distribution of the nanoparticles. TEM analysis
also support this results. When Fig. 4 (b) is examined, it is seen that there is much variation between the
absorption spectra of CONPs nanoparticles.

Figure 4
The band values of CoNPs and PtNPs were calculated by the following relation [32]:
(ahv) = A(hv - Eg) " (1)

where Ais a constant that depends on refractive index of the material, £ is the optical band gap, hvis the
photon energy. Figures (5) shows the value of (Eg) obtained for the direct energy transition from plotting
between the linear part of (ahv)? versus (hv). Likewise from the Figure (5), one can extract the band gap
as 2.3 and 2.7 eV for the PtNPs2,and PtNPs3 nanoparticles the band gap as 4.4 and 4 eV for the CoNPs0
and CoNPsT.

Table 3
The radius of CoNPs and PtNPs nanoparticles
Nanoparticles Absorbance peak point  Particle r (nm)
CoNPsO 355 1.342
CoNPs1 350 2.406
PtNPs2 471 1.050
PtNPs3 466 653.9

In addition, the average particle size was calculated using the absorption spectra of NPs. First of all,
inflection points in the absorption spectra were determined. In the particle size calculations, it was
determined using the effective mass model, which describes the particle size (r, radius) of the
nanoparticles as a function of the peak absorption wavelength (A,) [33] .
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During the derivation of Eq. (2), m, = 0.26 m,, m;, = 0.59m,, m, is the free electron mass, € = 8.5, and bulk
E,=3.3eV [34]. Particle sizes of CONPs and PtNPs are given in Table 3 The lowest particle size was
PtNPs3, while the highest particle size was formed in CoNPs1 material. The size values of CoNPs0 and
PtNPs2 particles are close to each other. It was found that the particle size of both CoNPs and PtNPs
materials decreased in the DMEM liquid. It was determined that water did not have a significant effect on
the sizes of CoNPs and PtNPs nanoparticles.

Optical transitions between the valence and conduction band in a material, defect states, conduction
mechanisms and defects caused by disproportionate charge depend on the material's bandwidth.
Detection of these changes and defects in the structure is made by detecting the Urbach tails formed in
the band structure. The energy associated with these imperfect Urbach tails in the band structure is
defined as the Urbach energy. Therefore, it is an important parameter for the detection of changes in the
band structure of the materials. The Urbach energy were calculated by taking inverse of the slope of
equetion [35].

o= aoeacph_E/E“

3
where E and a, are a constant and E, is the Urbach energy interpreted as the width of the tails of

localized states, in the band gap. Figure 6 shows /na-hv graphs.
Figure 6

Another important parameter showing the change in the band structure is the stepness parameter. This
parameter is a perpendicularity parameter that indicates the band broadening in the material. Futhermore,
the stepness parameter determines the electron-phonon interaction. These two important parameters can
be calculated with the following equations [34, 35].

kT

Page 7/24



where ois steepness parameter, kgis Boltzmann constant, T'is absolute temperature and E,_, is electron-
phonon interaction. Also, we calculated the refractive index of CoNPs and PtNPs using Ravindra relation
[36] .This relation related to tne band gap of material. This equation is given below:

n=4,084 — 0,62E,

6
where £ is optical band gap energy calculated from Tauc plot and n s refractive index.

In additon to, Fig. 7 and Fig. 8 shows varitions of optical band gap-Urbach energy and stepness
parameter-electron phonon interaction, respectively. The porosity values of CoNPs and PtNPs were
calculated using Eq. (6), a quantitative analysis on porosity based on refractive index [37].

2

n? —1

Porosity (%) = [1 — ] x 100
7
where, nis the refractive index of the CoNPs and PtNPs and nis the refractive index values of the pore-
free CoNPs and PtNPs known in the literature. These calculated refractive index and prosity values has
also been given in Table 4. In this study, while the refractive index values of PtNPs were consistent with
the literature in both DDDW and DMEM fluids, the refractive index values of CoNPs were low in both water
and DMEM fluids. It was determined that PtNPs produced in water had the lowest porosity value and
CoNPs had the highest value. Also, the porosity values are lower when produced in DDDW while it is lower
in DMEM fluid for CoNPs.

Table 4
The some optical parametres of CoNPs and PtNPs obtained under different ablation liquids
Nanoparticles  Ej E, (St)epness Parameter E«;fractive index Porosity Eep
(s} n
@) (V) (%)
CoNPs0 4.0 470 g02.1022 1.60 62.9 534.10"
22
CoNPsT 4.4 1.76  214.1021 1.32 55.0 1.42-10"
22
PtNPs2 2.7 0.20 1.88.1020 2.41 32.6 3.54.-10"
21
PtNPs3 2.3 0.44 gr5p.1021 2.65 37.4 7.78.10-
23
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Figure 7

Figure 8

3.3. FTIR Analysis

The PtNPs and CoNPs nanoparticles were analyzed using FTIR to determine the biomolecules involved in
nanoparticle stabilization in solution. Figure 9 shows transmittance spectra of PtNPs and CoNPs
nanoparticles obtained under different ablation liquids. In Fig. 9, PtNPs-S2 generated by laser ablation
with DDDW and DMEM, the spectrum PtNP-S3 was recreded in range (500-5000 cm ") this shows the
peaks at [3319.46 cm ', 1637.14cm " and 598.45cm '] The peak at 1637.14 cm ' belongs to the C-H
bending aromatic compound, whereas the peak at 3319.46 cm " relates to the O-H stretching bond. The
C-l vibration was linked to the band at about 598.45cm . The spectrum PtNPs2 was recrded in range
[3324.98 cm ',1636.54 cm ' and 577.60 cm '] correspond to an whereas the peak at 3324.98 cm
medium, N-H stretching bond and 636.54 cm " belongs to the C = C stretching band. and 577.60cm ' C =
C strong band.

The IR spectra of the manufactured CoNPs revealed that laser ablation with double-distilled water and
DMEM produced a sequence of absorption peaks ranging from 500 to 5000 cm1 (Fig. 4 red and black)
CoNPs-S0 this shows the peaks at [3330.76, 2973.38, 1379.74, 1087.21, 1045.07 ,879.67, 634.84]cm
and CoNPs-S1 this shows the peaks at [3319.23,2973.37,1380.10, 1087.12, 1045.09, 879.74,
635.09]cm . The powerful and broad peak located at 3330.76 cm *,3319.23 cm ' assigned to N-H
stretching bond. and the peak at 2973.38 cm *,2973.37 cm ' corresponds to the C-H stretching bending
mode bond, and broad peak lacated at 1380.10 cm 7, 1379.74 cm " assigned to S = O stretching bond,
the peak at 1087.2,11087.12cm '"and 1087.12, 1045.09 cm " corresponds to the C-O stretching bond,
the peak at 879.67 and 879.74 cm " corresponds to the C = C bending mode bond, and the peak at
[634.84, 635.09]cm T assigned to C-I stretching halo compound.

Figure 9

3.4. Antibacterial activity of PtNPs and CoNPs

Figure 10 (a) and (b) show antibacterial effect of PtNPs and CoNPs nanoparticles obtained under
different ablation liquids (double-distilied water and DMEM) on two different types of bacteria. Figure 10
(c) and (d) the zone of inhibition measurements against E. coli and B. subtilis. These CoNPs showed no
toxicity against E. coli and B.subtilis but it showed significant toxicity toward PtNPs-S2 represent
generated by laser ablation with double-distilled water and PtNPs-S3 generated by laser ablation with
DMEM toxicity against E. coli and B.subtilis show more toxicity. Zone of inhibition measurements against
E. coli and B. subtilis are shown graphically as shown Fig. 10 (c) and (d).

Figure 10

High purity platinum nanoparticles (PtNPs) with two particle sizes (platinum nanoparticles generated in

double-distilled water and DMEM). The particle size was seen to range from 5 to 40 nm, with an average
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size of 12 nm, whereas the particles generated in DMEM medium ranged from 5 to 50 nm, with an
average particle size of 20 nm.) The laser ablation approach was used to effectively synthesize it. PtNPs'
antimicrobial action has long been of particular interest. Using the laser ablation process, it was
effectively synthesized. The Pt nanoparticles were spherical in form, and their diameters shrank as the
number of pulses increased. These qualities are controllable and are determined by laser parameters
such as pulse rate, pulse energy, irradiation period, target material type, and the nature of the liquid in
which the material is submerged [16, 7, 17]. PtNPs have been studied for their antibacterial properties.
Akther and his colleagues show that PtNPs reduce biofilm development. They discovered that attaching
these particles to bacterial surfaces can cause cell wall rupture or membrane lysis. These effects are
connected to the production of intracellular ROS, which results in the production of cytokines associated
with ROS [26-28]. This study evaluated the antibacterial resistance of Co NPs against two widespread
pathogens, including E. coli and B. subtilis. The in vitro examination results showed that the Co NPs had
weak antibacterial activity, suggesting that they might not be able to eradicate germs that are resistant to
many drugs or be used to cure disease [14]. The theory put out by the authors was that once the
nanoparticles accumulated past a certain point, they would eventually lose their capacity to enter the
bacteria cell. According to a report, the surface-to-volume ratio rises as nanoparticle size decreases,
suggesting that the nanoparticles' size may have a significant impact on the antibacterial activity [7, 30].
Cobalt nanoparticles (CoNPs) were created by laser ablation and were proven to be so by TEM and FTIR
studies (s0 represent generated with double-distilled water and s1 generated by DMEM with a size
ranging from (20nm to 70 nm). Nanorods with a rounded form and smooth surface were visible in the
nanoparticles. This study evaluated the antibacterial resistance of CONPs against Escherichia coli and B.
subtilis, two common microorganisms. The outcomes of the in vitro test showed that the CoNPs had
marginal antibacterial activity.Further studies are required to explore the antibacterial effect beyond this
in the size of the nanoparticles.

4. Conclusions

The linking of PtNPs with biological liquid is an essential step in the therapeutic chain to achieve the
endocytosis of PtNPs by bacterial. This phase is completed within the stages of preparation of the NPs
synthesis liquids within the chemical or biological methods, but in this study, the binding process was
accomplished by making DMEM a synthesis medium of the produced PtNPs by PLAL. The size and
concentration of PtNPs are affected by the laser parameters and the surrounding medium as the physical
measurements have been demonstrated.

The biological tests have shown that ptNPs have ability to couple with the bacteria by depending on their
size and concentration.

The plasmonic absorption for the incubated cells with the absorption peaks of PtNPs confirms the
accumulation by linear form, which has been a favorite to be used in the IR region and has given
satisfying results in the killing percentages of both E. coli and B. subtilis.
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As for the cobalt nanoparticles, they showed little effect on E. coli and B. subtilis. For both mediums, they
need more study through the use of more laser energies, as well as less size and different concentrations.
Particle sizes of CONPs and PtNPs produced in DMEM fluid were reduced.
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Figure 1

The pulsed laser ablation (PLAL) technique presentation
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Figure 2

TEM results of PtNPs obtained under different ablation liquids a) TEM images and b) The particle size
distribution
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Figure 3

TEM results of CoNPs obtained under different ablation liquids a) TEM images and b) The particle size
distribution
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UV-Vis absorbance spectrum of CoNPs and PtNPs obtained under different ablation liquids a) CoNPs and
b) PtNPs
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Figure 5

The optical energy gaps of CoNPs and PtNPs obtained under different ablation liquids a) CoNPs and b)

PtNPs
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Figure 6

The Ina-hn graphs of CoNPs and PtNPs obtained under different ablation liquids a) PtNPs and b) CoNPs
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Variation of optical band gap with Urbach energy of CoNPs and PtNPs obtained under different ablation
liquids
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Transmittance spectra of PtNPs and CoNPs nanoparticles obtained under different ablation liquids.
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Figure 10

Antibacterial effect of PtNPs and CoNPs nanoparticles obtained under different ablation liquids on two
different types of bacteria (a) Zone of inhibition measurements against E. coli (b) Zone of inhibition
measurements against B.subtilis) ¢) Zone inhibition against E. coli and d) Zone inhibition against B.

subtilis
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