ISSN: 2509-0119.
© 2024 Scholar AI LLC.
IJPSAT https://ijpsat.org/ Vol. 47 No. 2 November 2024, pp. 563-567

S5N:2509-0119

International Journal of Progressive Sciences and Technologies (IJPSAT) ? SCHOLAR Al

Morphology And Distribution of Platinum Nanoparticles In
Deionized Water Synthesized Using The Pulsed Laser Ablation

Wahyuddin, Eko Hidayanto, and Ali Khumaeni*

Department of Physics, Faculty of Science and Mathematics, Diponegoro University, J1. Prof. Soedharto, S.H.,
Tembalang, Semarang 50275, Indonesia

*Corresponding email: khumaeni@fisika.fsm.undip.ac.id

Gaber |

Abstract— In this study, platinum nanoparticles were successfully synthesized using the pulsed laser ablation method with the assistance
of an Nd:YAG laser at a wavelength of 1064 nm. The synthesis process was marked by a color change in deionized water from clear to
dark brown, indicating the formation of platinum nanoparticles. Morphological and size characterization analysis of the nanoparticles
using Transmission Electron Microscopy (TEM) revealed that the nanoparticles are spherical in shape and have a homogeneous size
distribution, with diameters ranging from 0.5 to 7.5 nm and an average size of 2.49 nm.
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I. INTRODUCTION

Metal nanoparticles have attracted significant interest due to their wide range of applications, including in optics, electronics,
biology, catalysis, and medicine [ 1]. Among various metals, platinum in nanoparticle form, as part of the field of nanotechnology,
has gained considerable attention in recent years due to its unique properties and broad applications across different industries
[2]. The small dimensions of nanomaterials and their high surface to volume ratio enhance reactivity, catalytic efficiency,
conductivity, and other superior characteristics. This makes nanomaterials important components in various fields, including
materials science, biology, and energy [3]. Platinum nanoparticles can be produced through various methods. Each method
affects the size, morphology, and ultimately, the catalytic efficiency of the nanoparticles. Transition metal nanoparticles,
particularly platinum, have been extensively studied due to their unique physical properties and potential applications in various
fields, such as biology, optics, electronics, and catalysis [4,5,6]. One method for synthesizing platinum nanoparticles is by using
a physical method, namely the pulsed laser ablation method or laser ablation in liquids [7]. Pulsed laser ablation has evolved into
a versatile method for synthesizing various metal nanoparticles. Its main advantage is the ability to form colloids directly without
the need for additional reducing or stabilizing agents [8]. The process involves focused irradiation on a platinum target submerged
in a liquid medium, which triggers the release of platinum atoms. The released platinum atoms then aggregate and forming
nanoparticles [9].

Analysis methods are essential for understanding the characteristics of the synthesized platinum nanoparticles. One
commonly used method is Transmission Electron Microscopy (TEM), which provides detailed images of nanoparticle
morphology and size distribution and can be used in conjunction with additional analytical techniques. One of the main
advantages of Transmission Electron Microscopy (TEM) is its ability to produce high-resolution, three-dimensional images of a
material, with a resolution down to the atomic scale. This capability makes TEM an extremely valuable technique for accurately
analyzing nanoparticle size distribution, which is a crucial parameter in the synthesis, optimization, and application of
nanomaterials [10]. Transmission Electron Microscopy (TEM) not only provides a comprehensive view of the morphology and
size distribution of nanoparticles, but it can also be integrated with other analytical techniques to investigate the elemental
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composition and crystal structure of nanoparticles at the atomic scale. The application of TEM in platinum nanoparticle research
facilitates a deep understanding of the influence of synthesis parameters on the structural and chemical characteristics of the
nanoparticles, which is crucial for optimizing their efficiency in industrial and biomedical applications [11].

In this study, we will synthesize platinum nanoparticles using the pulsed laser ablation method in deionized water (DIW).
We will utilize Transmission Electron Microscopy (TEM) to characterize the resulting nanoparticles, focusing on morphology
and size distribution. Thus, this research aims to provide deeper insights into the influence of synthesis parameters on the
characteristics of platinum nanoparticles, which can contribute to the development of further applications.

II. EXPERIMENTAL PROCEDURE
2.1. Materials
Platinum metal with a purity level of 99%, ND:YAG laser device at 1064 nm, beaker glass, and deionized water.

Figure 1 Platinum metal cut to approximately 2 x 1.5 cm was sterilized using 70% alcohol to eliminate any bacteria on its
surface. Afterward, the metal plate was rinsed with aquadest to remove residual alcohol. The beaker intended for sample synthesis
was also cleaned with alcohol and rinsed with aquadest. The cleaned platinum plate was then placed into a beaker containing 10
mL of deionized water.

—_—
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Metal plat platinum The plate is placed Addition of 10 mL
2x15em into the beaker g]ass DIW medium

Fig. 1. Preparation of platinum metal

Platinum nanoparticles were produced through pulsed laser ablation using an Nd:YAG laser at a wavelength of 1064 nm, with
an energy of 80 mJ, a focal distance of 10 cm, a pulse width of 7 ns, and a frequency of 10 Hz. The laser was directed at the
surface of the platinum for 30 minutes until a color change occurred. Figure 2 shows the schematic of the synthesis of platinum
nanoparticle colloids in deionized water.
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Fig. 2. Setup for Platinum Nanoparticle Synthesis Experiment

2.2. Nanoparticles Platinum characterization

The morphology and size characterization of platinum nanoparticles produced through the pulsed laser ablation method was
conducted using a JEOL-JEM 1400 Transmission Electron Microscopy (TEM). The nanoparticle samples, in colloidal form with
deionized water as the medium, were collected after the laser ablation procedure. The particle size distribution analysis was

performed using ImageJ software based on the acquired TEM images.

III. RESULT AND DISCUSSION

Figure 3a shows platinum nanoparticles before being synthesized using deionized water (DIW), which are white in color,
while Figure 3b shows platinum nanoparticles after being synthesized with pulsed laser ablation, which are dark brown in color.

Fig. 3. Platinum nanoparticles in deionized water medium (a) before synthesis (b) after synthesis using pulsed laser ablation

Figures 3a and 3b show a color change from initially clear in deionized water to dark brown, indicating the formation of
platinum nanoparticles. This result is consistent with the previous study by Posanti et al., which stated that the synthesized platinum
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nanoparticles exhibit a dark brown color [12].
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Fig. 4. TEM of platinum nanoparticles Fig. 5. Size distribution of nanoparticles platinum

Figure 4 shows a Transmission Electron Microscopy (TEM) image of platinum nanoparticles with a scale of 100 nm. The red
arrow in the image indicates the position of nanoparticles randomly distributed across the entire image area. The platinum
nanoparticles appear round and homogeneous, indicating that the synthesis produced particles with uniform morphology. This
random distribution suggests that no significant agglomeration occurred, which shows that the stabilization of nanoparticles in the
medium used is adequate. Additionally, based on visual observation, the platinum nanoparticles appear quite small, supporting
applications that require nano-sized particles to enhance effectiveness. Figure 5 shows the size distribution of platinum nanoparticles
based on analysis using the ImageJ software. The histogram shows the particle size distribution, with diameters ranging from 0.5
to 7.5 nm. Most particles have a diameter of around 2-4 nm, with a distribution peak at 2.5 nm, and an average diameter of 2.49
nm. These small particle sizes have the potential to improve colloidal stability and catalytic efficiency. In other studies, it was found
that the size of platinum nanoparticles varies depending on the synthesis method used. For example, a study by Chu et al. (2019)
showed spherical platinum nanoparticles with an average diameter of 50 nm synthesized through the microwave technique [13]. A
study by Chou et al. (2010) reported platinum nanoparticles with an average diameter of 12 nm produced by the polyol method
[14]. A study by Fu et al. (2020) reported nanoparticles with an average diameter of 94 nm using the conventional method [15].

IV. CONCLUSIONS

Platinum nanoparticles have been successfully synthesized using the pulsed laser ablation method. Morphological and size
characterization analysis of the nanoparticles using Transmission Electron Microscopy (TEM) revealed that the nanoparticles are
spherical in shape and have a homogeneous size distribution, with diameters ranging from 0.5 to 7.5 nm and an average of 2.49 nm.
This small particle size has the potential to enhance colloidal stability. The study also demonstrated that the size of the nanoparticles
varies depending on the synthesis method used, as reported in previous studies.

ACKNOWLEDGMENT

We would like to express our deepest gratitude to all members of the Laser and Advanced Nanotechnology (LAN) Group for
their extraordinary support and collaboration. The contributions and assistance from each member have been invaluable to the
success of this research. This present work was financially supported by Ministry of Education Culture, Research, and Technology
Indonesia under contract No. 601-126/UN7.D2/PP/V1/2024.

Vol. 47 No. 2 November 2024 ISSN: 2509-0119 566



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2024 Scholar AT LLC.

IJPSAT https://ijpsat.org/ Vol. 47 No. 2 November 2024, pp. 563-567

SSN:2509-0119

REFERENCES

[1] Wahyudi, T., Doni, S. & Qomarudin, H. 2011. Sintesis Nanopartikel Perak dan Uji Aktivitasnya terhadap Bakteri E. coli dan
S. Aureus. Arena Tekstil, 26 (1): 1-60. https://doi.org/10.31266/at.v26i1.1442.

[2] Sharma, H., Lal, R., Pandey, M., & Shrivastav, A. 2023. Biosynthesis of CaO Nanoparticles using Cleome viscosa Leaf Extract
and Investigation of their Antioxidative and Cytotoxicity Activity. Oriental Scientific Publishing Company, 39(1), 189-196.
https://doi.org/10.13005/0jc/390123.

[3] Varshney, R., Bhadauria, S., Gaur, M S., & Pasricha, R. 2010. Characterization of copper nanoparticles synthesized by a novel
microbiological method. Springer Science+Business Media, 62(12), 102-104. https://doi.org/10.1007/s11837-010-0171-y.

[4] Raimondi, F., Scherer, G G., Kotz, R., & Wokaun, A. 2005. Nanoparticles in Energy Technology: Examples from
Electrochemistry and Catalysis. Wiley, 44(15), 2190-2209. https://doi.org/10.1002/anie.200460466.

[5] Astruc, D. 2007. Nanoparticles and Catalysis. Wiley. https://doi.org/10.1002/9783527621323.

[6] Noél, S., Léger, B., Ponchel, A., Philippot, K., Denicourt-Nowicki, A., Roucoux, A., & Monflier, E. 2014. Cyclodextrin-based
systems for the stabilization of metallic(0) nanoparticles and their versatile applications in catalysis. Elsevier BV, 235, 20-32.
https://doi.org/10.1016/j.cattod.2014.03.030.

[7]1 Saikiran, V., Dar, M H., Kuladeep, R., Jyothi, L., & Rao, D N. 2019. Strategies in Laser-Induced Synthesis of Nanomaterials.
Elsevier BV, 149-199. https://doi.org/10.1016/b978-0-12-815751-0.00006-7.

[8] ZiefuB, A R., Barcikowski, S., & Zhigilei, L V. 2022. Advances in pulsed laser synthesis of nanoparticles in liquids. Springer
Science+Business Media, 65(7). https://doi.org/10.1007/s11433-022-1909-6.

[9] Ganjali, M., & Vahdatkhah, P. 2018. Synthesis of metal nanoparticles using laser ablation technique. Elsevier BV, 575-596.
https://doi.org/10.1016/b978-0-323-51254-1.00019-1.

[10] Zhang, S., & Wang, C. 2023. Precise Analysis of Nanoparticle Size Distribution in TEM Image. Multidisciplinary Digital
Publishing Institute, 6(4), 63-63. https://doi.org/10.3390/mps6040063.

[11] Botton, G A. 2008. Analytical Electron Microscopy. Springer Nature, 273-405. https://doi.org/10.1007/978-0-387-49762-4 4.

[12] Ponsanti, K., Tangnorawich, B., Natphopsuk, S., Toommee, S., & Pechyen, C. 2024. Physicochemical Aspects of Platinum
Nanoparticles (PtNPs) from Biological Synthesis: Influence of Plant Leaf Based Extracts as the Reducing Agent. International
Journal of Precision Engineering and Manufacturing - Green Technology, /7(4), 1097—1113. https://doi.org/10.1007/s40684-
023-00592-7.

[13] Chu, Chia-Hui, Shih-Hsun Cheng, Nai-Tzu Chen, Wei-Neng Liao, and Leu-Wei Lo. 2019. Microwave-Synthesized Platinum-
Embedded Mesoporous Silica Nanoparticles as Dual-Modality Contrast Agents: Computed Tomography and Optical Imaging.
International Journal of Molecular Sciences 20, no. 7: 1560. https://doi.org/10.3390/ijms20071560.

[14] Chou, S.-W., Shau, Y.-H., Wu, P.-C., Yang, Y.-S., Shich, D.-B., & Chen, C.-C. 2010. In Vitro and in Vivo Studies of FePt
Nanoparticles for Dual Modal CT/MRI Molecular Imaging. Journal of the American Chemical Society, 132(38), 13270—
13278. doi:10.1021/ja1035013.

[15] Bei Fu, Meng Dang, Jun Tao, Yanjun Li, Yuxia Tang. 2020. Mesoporous platinum nanoparticle-based nanoplatforms for
combined chemo-photothermal breast cancer therapy, Journal of Colloid and Interface Science, Volume 570, Pages 197-204,
ISSN 0021-9797, https://doi.org/10.1016/].jcis.2020.02.05.

Vol. 47 No. 2 November 2024 ISSN: 2509-0119 567



