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Abstract: Unique properties of Selenium (Se) and its allied nanoparticles are of great interest in the fields of
chemistry and engineering. However, widespread applications of nanoparticles, especially Selenium
nanoparticles (Se NPs) call for synthesis routes involving eco-friendly procedures as an alternative method to
the expensive and toxic chemicals previously used. Thus, this study was conducted to synthesize and analyse Se
NPs using polygonum minus leaves extract. The produced Se NPs were characterized using Field Emission
Scanning Electron Microscope (FESEM), UV-Visible Spectroscopy (UV- Vis), and IV measurement to analyse
the electrical conductivity. The morphology of the produced Se NPs was in spherical-shape within the diameter
range of 60 nm — 90 nm, while the peak of absorbance was at 2-2.5%, showing the low absorbance of Se NPs.
Resistance and resistivity of Se NPs showed 338.4 ohm and 16.92 ohm.cm respectively. The electrical
conductivity of Se NPs reached a low conductivity which was 0.059 S/cm. This study successfully showed that
Se NPs can be produced through green synthesis and having low conductivity for future electrical and electronic
applications. -
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1. Introduction

Nano-materials are miniaturization of materials. Building of machines at the
molecular scale that involves the manipulation of materials on an atomic scale were about
two-tenths of a nanometre is called nanotechnology. In nanotechnology, a particle is defined
as a small object with size ranges between 1 nm and 100 nm that behaves as a whole unit in
terms of its transport and properties(Ullah, Wilfred, & Shaharun, 2018)

In this new era with fast-rising field that involved research and technology
development, nanotechnology has become one of the most promising approaches for
innovations that lead to fulfilment of human needs and also multidisciplinary research area
(Anu, Singaravelu, Murugan, & Benelli, 2017) with the potential to revolutionize numbers of
research fields. Research on the synthesis of nanoparticles sized material is of great interest
because of their unique properties like electrical, electronic, optoelectronic, microelectronic,
and electronic component application (Alotaibi, Nama Manjunatha, & Paul, 2017).

Selenium nanoparticles (Se NPs) have increasingly drawn more considerations
because of their promising applications in the fields of catalysis, electronics, and sensing
(Chaudhary & Mehta, 2014). For most applications, the properties of Se NPs are established
by their size, shape, composition, and structure. As an established synthesis process, a
chemical reaction has taken place for a long time, which is toxicated and expensive. It is of
great significance to prepare the superior quality of Se NPs in a green synthesis environment.

To date, the research on green synthesis Se NPs with local plantsis very limited. An
existing study indicates that the commonly used plants were coming from outside which is
difficult to find in Malaysia. Based on this, polygonum minus leaves has been selected, which
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also known as kesum leaf. The kesum leaves is reported as a good reducing agent (Abu

Samah et al., 2020), whilst can act as an antimicrobial and cytotoxic.

As an alternative method to the existing chemical process, the characteristic of Se

NPs is still under great investigations, especially its electrical properties. Thus, this paper

presented the green synthesis of Se NPs and their low conductivity behaviour which can be
great potential applications, especially in the electrical and electronic field.

2. Methodology
2.1  Preparation of Leaf Extract

The leave selected for this green synthesis is polygonum minus leave. Those 3.5 kg
leaves were thoroughly rinsed with water to remove dust particles. Then, it was dried using a
dry incubator, which took 3 days to complete. The dried leaves were ground using a grinding
machine to get the powder form. Leaves extract was then prepared by placing 20 g of the
powder with 200 ml of distilled water in the 250 ml beaker.

The temperature of a magnetic mixture with a hot plate was set at 100 °C to boil the
mixture. The solution was subjected to cooling at room temperature before it was put into the
50 ml tube. Each tube was filled with the same amount for centrifuging at 10,000 rpm for 30
minutes. After centrifuged, the solution of leaves extract was filtered by using filter paper to
removes impurities particles. The leaves extract was stored at 5°C for further experiment.

2.2 Synthesis of Se NPs

For the synthesis of Se NPs, 60 ml of polygonum minus leaves extract, 6 g of sodium
selenite, 4 g of ascorbic acid, and 240 ml of deionized water were prepared. Temperature and
speed of hot plate and magnetic stirrer were set at 80 °C and 450 rpm, respectively.

240 ml of deionized water was filled into the 600 ml beaker and was put on the hot
plate. The solution was mixed with 6 g of sodium selenite and 4 g of ascorbic acid.
Observations on the colour change in the solution of Se NPs were carried out. After
temperature reaches 80 °C, the solution was added to the 60 ml leaves extract. The solution of
Se NPs remained in 1 hour to observe the reaction of the colour change. Based on the
observation, the colour of the solution Se NPs turned into brick-red colour.

The solution was subjected to cooling at room temperature before it was put into the
50 ml tube. For each tube, the solution was filled in the balanced amount for centrifuging at
10,000 rpm for 30 minutes in the first round. The supernatant was carefully discarded and the
brick-red sediments were suspended in double-distilled water. This cycle was repeated two
times with 10 minutes for each cycle to remove the side products. Fig.1 shows the whole
process of the preparation of green synthesis Se NPs.

45



HOSTED BY
»>

un Ise Selangor Science &Technology Review

CRIwWERSIT SCL&RSoR Special Issue: Electrical and Electronic Technology Updates
Vol. 5, No. 2, (2021)

P.M leaves Extract, DI ‘
P.M powder Water, Sodium Selenite,
ascorbic acid

IV Characteristic

Fig 1: The whole process of the green synthesis Se NPs

2.3  Characterization Techniques
2.3.1 UV-Visible Spectroscopy

UV-Visible spectroscopy was used to measure the absorption of produced Se NPs.
The scanning range of the samples was 200—750 nm at a scan speed at 480 nm/min. 2 ml of
Se NPs solutions with the temperature of 80 °C was placed into this equipment. The
absorbance readings of Se NPs were taken every 15 minutes within 1 hour. The UV-Vis
absorption spectra of Se NPs were recorded and Microsoft office (Excel) was used to plot the
recorded data of absorbance.

2.3.2 Field emission scanning electron microscopy (FESEM)

The field emission scanning electron microscopy (FESEM) was used to inspect the
morphology of the produced Se NPs. The object is scanned by electrons according to a zigzag
pattern (Janssen, 2005).

2.3.3 1V Characteristics
A simple digital multimeter is used in this experiment to measure the resistance (Q) of

the produced Se NPs. The value of the resistance was then recorded. In order to find the
resistivity, it is calculated by using Eq. (1).

—_ R4
p=-,2cm )

where p is the resistivity, R is the resistance, A is the area, and L is the length. Then, the
electrical conductivity can be calculated by using Eqg. (2).
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g = 1fp,5fmn )

where o is the conductivity and p is the resistivity.

3. Results and Discussions

A green synthesis of Se NPs has been successfully carried out using polygonum minus
extract. The colour changes from colourless solution to the brick-red colour, which confirmed
the formation of Se NPs. The produced Se NPs were then characterized using UV-Visible
Spectroscopy and Field Emission Scanning Electron Microscopy (FESEM) to examine,
analyse and measure the surface morphology and absorbance ability. Then, the electrical
conductivity is measured.

3.1 UV-Vis Analysis

Fig. 2 shows the UV-Visible spectrum at different time interval: 0 minute, 15 minutes,
30 minutes, 45 minutes and 60 minutes. From the plotted spectrum, there was no significant
different for all samples. As observed at 200 nm of wavelength, the absorbance of Se NPs
was around 0.987% to 1.1%. Then, it increases to reach the highest peak at 2.583% when the
wavelength was at 300 nm.
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Fig.2: UV-Visible Spectrum at different time interval

This observation revealed that the absorbance maximum (Amax) of produced Se NPs
was at 300 nm of wavelength. It concludes that Se NPs produce low absorbance. The low
absorbance of Se NPs is not suitable for the condition of high intensity of light. The colour of

Se NPs solution also completely turned to brick-red at 60 minutes, resulting in a lower level
of absorbance.

47



HOSTED BY
»>

Selangor Science &Technology Review
ChiwCRSIT SELAR DCR Special Issue: Electrical and Electronic Technology Updates
Vol. 5, No. 2, (2021)

3.2  Field Emission Scanning Electron Microscopic Analysis

Field emission scanning electron microscopy is employed to analyse the shape and
surface morphology of the produced Se NPs using Polygonum minus leaves extract. Fig. 3
shows FESEM images of Se NPs in the form of agglomerated spherical particles within the
diameter range of 60 nm to 90 nm. These particles were well distributed with aggregation.

Therefore, it has been suggested that nanoparticle aggregation is dominant over the
process of reduction and primary nucleation of reduced atoms (Alagesan & Venugopal, 2019;
Kim, Hong, & Park, 2019). This may perhaps be related to the fact that a larger number of
functional groups (Polygonum minus leaves extract) bind and nucleate sodium selenite with
ascorbic acid (Sood, Arora, Shah, Kotnala, & Jain, 2016). The most accessible metal ions are
apparently involved in a smaller number of nucleation events, which leads to an
agglomeration of the metal (Shankar, Rai, Ahmad, & Sastry, 2004).

Fig. 3: FESEM images of Se NPs

3.3  Electrical Conductivity of Se NPs

Indium Tin Oxide (ITO) coated glass was used as a template to analyze the electrical
conductivity of Se NPs. The resistance was measured using a simple digital multimeter.
Table 1 shows the resistance, resistivity and electrical conductivity from the measured
sample. It shows that the resistance reached up to 338.4 . Resistivity was then calculated by
using Eq. (1), resulted in 16.92 a.cm. Then, the electrical conductivity can be found through
Eq. (2). It can be seen that the electrical conductivity of Se NPs exhibited lower values than
those reported previously (Kalishwaralal et al., 2018). Electrical properties of selenium
nanoparticles itself was in low conductivity because Se is one of non-metal category by
referring to the periodic table.
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Table 1: Electrical Conductivity of Selenium Nanoparticles (Se NPs)

Selenium Nanoparticles (Se NPs)
Resistance, @ (ohm) Resistivity, p (@.cm) Electrical Conductivity, ¢
(S/cm)
338.4 16.92 0.059
4. Conclusion

Low conductivity of 0.059 S/cm Se NPs was successfully produced by using
polygonum minus leaves extract, which acts as a good reducing agent. The average size of 60
nm to 90 nm was recorded, confirmed the nanosize of the produced selenium. The resistivity
and conductivity were recorded as 16.92 «o.cm and 0.059 S/cm respectively. These
characteristics might be useful in electronic devices. The produced Se NPs also exhibited low
absorption, as at 300 nm, it only able to reach the peak value of 2.583%.

In conclusion, polygonum minus plant extract has supported the eco-friendly process,
serve as a good reducing agent, and cost-effective for the synthesis of Se NPs instead of toxic
and expensive chemical.
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