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ABSTRACT

Photoconductivity is a phenomenon in which the electrical conductivity of a material increases upon
exposure to light. Zn-based nanomaterials, including ZnO and ZnS nanoparticles, nanowires, and
nanorods, have gained considerable attention in recent years due to their unique photoconductive
properties. Photoconductivity is a fundamental property of materials that refers to the increase in
electrical conductivity upon absorption of light. This paper provides an overview of photoconductivity
in Zn-based nanomaterials, including the mechanisms of photoconductivity, and the factors affecting
it, such as size, morphology, and doping, and highlights the prospects of zinc-based nanomaterials in
optoelectronics.
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1  Introduction

Photoconductivity is a phenomenon in which the electrical conductivity of a material increases upon
exposure to light [1]. Photoconductivity is the study of electrical conductivity of the materials due to
absorption of electromagnetic radiations and used to find a better device for optoelectronics applications
[2]. This is due to the absorption of photons by the material, which creates electron-hole pairs. The electrons
and holes can then move through the material, carrying charge and creating a current.

Zn-based nanomaterials are a class of materials that have attracted significant attention due to their unique
optical and electronic properties such as high surface area, tunable bandgap, and high electron mobility [3].
These materials have been shown to exhibit high photoconductivity, which makes them promising
candidates for various applications, such as solar cells, sensors, and light-emitting devices. The
photoconductive properties of zinc-based nanomaterials play a vital role in these applications, and
understanding the mechanisms of photoconductivity and the factors affecting it is crucial for the
optimization of device performance [4]. In this paper, we provide a comprehensive overview of
photoconductivity in zinc-based nanomaterials, including their synthesis, characterization, properties, and

applications.
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2  Types of Zinc-Based Nanomaterials

Zinc-based nanomaterials can be synthesized using vatious methods, including chemical vapor deposition,
sol-gel, hydrothermal, and electrochemical methods [5]. These methods allow for precise control over the
size, morphology, and doping of the nanomaterials. ZnO and ZnS nanoparticles, nanowires, and nanorods
have been extensively studied due to their unique properties. ZnO nanowires, for example, have a high
aspect ratio and exhibit excellent charge transport properties, making them promising candidates for
photoanodes in perovskite solar cells. ZnS nanopatticles, on the other hand, have a tunable bandgap and
can be doped with transition metals to enhance their photoconductivity. Numerous Zn-based
nanomaterials including ZnS, ZnSe, ZnTe, Zn,SnO4, ZnO, etc have been explored for various

photodetector applications [4].
3 Mechanisms of Photoconductivity

The photoconductivity depends on various factors such as absorbance of electromagnetic radiations,
temperature, applied field, wavelength of the light, intensity of the light, carrier density, process of carrier
generation, trapping and recombination, etc. The mechanism of photoconductivity in Zn-based
nanomaterials is not fully understood. However, it is believed to be due to a combination of three major
factors. First, the high surface area of Zn-based nanomaterials, which increases the number of sites for
photon absorption. Second, the quantum confinement effect, which occurs in small nanoparticles and leads
to the formation of discrete energy levels. And third, the presence of defects in the material, which can act
as trapping sites for electrons and holes.

Photoconductivity in zinc-based nanomaterials arises from the excitation of electrons from the valence
band to the conduction band upon absorption of light. This leads to an increase in the number of free
carriers and a subsequent increase in electrical conductivity. The efficiency of photoconductivity depends
on vatious factors, including the size, morphology, and doping of the nanomaterials. For example, smaller
nanoparticles have a higher surface area, leading to increased carrier generation and better charge transport
properties. Similarly, doping with transition metals can create defect states in the bandgap, leading to

enhanced photoconductivity.
4  Characterization of Zinc-based Nanomaterials

Characterization of zinc-based nanomaterials is essential for understanding their properties and
performance [6], [7]. Spectroscopy techniques, such as UV-Vis, X-ray photoelectron, and
photoluminescence spectroscopy, can provide information on the electronic and optical properties of the
nanomaterials. For example, UV-Vis spectroscopy can be used to determine the bandgap of the

nanomaterials, while photoluminescence spectroscopy can provide information on the recombination
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processes of the excited carriers. Microscopy techniques, such as scanning electron microscopy and
transmission electron microscopy, can provide information on the size, morphology, and crystal structure
of the nanomaterials. X -ray diffraction can be used to determine the crystal structure and crystal orientation
of the nanomaterials. Additionally, electrical measurements, such as conductivity and impedance
spectroscopy, can provide information on the charge transport properties and carrier lifetime of the

nanomaterials.

5 Properties and Applications

Zinc-based nanomaterials exhibit unique photoconductive properties that make them promising candidates
for various optoelectronic applications. For example, ZnO and ZnS nanoparticles have been used as
photocatalysts for the degradation of organic pollutants under UV light. ZnO nanowires have been used as
photoanodes in perovskite solar cells, where they exhibit high efficiency and stability [8]. ZnS nanoparticles
doped with transition metals have been used as photodetectors, where they exhibit high responsivity and
detectivity. The high photoconductivity of Zn-based nanomaterials makes them promising candidates for
a variety of applications. Zn-based nanomaterials can be used to create high-efficiency solar cells. The
photoconductivity of the material can be used to harvest light and generate electricity. Zn-based
nanomaterials can be used to create sensors for a variety of analytes, such as gases, chemicals, and biological
molecules [9]. The photoconductivity of the material can be used to detect the presence of these analytes.
Zn-based nanomaterials can be used to create light-emitting devices, such as LEDs and lasers. The
photoconductivity of the material can be used to generate light.

In addition to the applications mentioned before, Zn-based nanomaterials have also been investigated for
use in a number of other applications [10]. Zn-based nanomaterials have been shown to have potential for
use in a variety of biomedical applications, such as drug delivery, imaging, and tissue engineering. Zn-based
nanomaterials have also been shown to be effective in a variety of environmental applications, such as water
purification and air pollution control. Zn-based nanomaterials have been shown to have potential for use

in a variety of energy applications, such as energy storage and catalysis.
6  Prospects

The unique properties of zinc-based nanomaterials, such as their high surface area, tunable bandgap, and
high electron mobility, make them promising candidates for various optoelectronic applications. However,
there are still several challenges that need to be addressed to optimize their performance. For example,
controlling the size and morphology of the nanomaterials is essential for enhancing their charge transport
properties. Doping with transition metals can also create defect states in the bandgap, leading to enhanced

photoconductivity. Further research is needed to understand the mechanisms of photoconductivity in zinc-
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based nanomaterials and to develop novel synthesis methods to enhance their properties and performance.
The research on photoconductivity in Zn-based nanomaterials is an active area of research. As our
understanding of this phenomenon improves, we can expect to see even more innovative applications for

these materials emerge in the years to come.
7 Conclusion

Zn-based nanomaterials are a promising new class of materials with a wide range of potential applications.
Zinc-based nanomaterials exhibit unique photoconductive properties that make them promising candidates
for various optoelectronic applications. The high photoconductivity of these materials makes them
particularly attractive for applications such as solar cells, sensors, and light-emitting devices. Understanding
the mechanisms of photoconductivity and the factors affecting it is crucial for optimizing their
performance. Further research is needed to fully understand the potential of Zn-based nanomaterials and

to develop new and innovative applications for these materials.
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