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Abstract:

For a variety of technological applications, the research of solid materials' thermal and optical properties is
essential. A material's reaction to heat is determined by its thermal properties, which include thermal conductivity,
specific heat capacity, thermal expansion, and thermal diffusivity. Its interaction with light is controlled by optical
characteristics, including transmittance, absorbance, reflectance, refractive index, and optical bandgap. To
precisely assess these attributes, experimental procedures like as ellipsometry, spectroscopy, and thermal analysis
are used. Electronics, energy storage, and optoelectronics can all benefit from the design of materials with
enhanced heat transfer, energy efficiency, and optical capabilities made possible by an understanding of the ability
to manipulate these qualities. We hope that this paper will be useful and a reference for researchers in the field.
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Introduction

The study of thermal and optical properties of solid materials is an important field of research [1]. Understanding
these properties helps in various applications, such as designing materials for specific purposes, optimizing energy
transfer [2], and developing new technologies [3]. Thermal properties of materials are related to their ability to
conduct heat, while optical properties deal with how materials interact with light [4].

The investigation of thermal and optical properties of solid materials is a crucial aspect of materials science and
engineering [5]. Understanding these properties is essential for designing and optimizing various technological
applications such as electronic devices, energy storage systems, optoelectronics, and thermal management systems
[6]. This article provides an overview of the study of thermal and optical properties of solid materials, highlighting
their significance and the techniques employed to analyze and manipulate these properties.

The rest of the article is organized as follows: Section 2 presents the significance of the study. Section 3 provides
a general explanation about the Thermal Properties. The Optical Properties explanation is positioned in Section
4. Section 5 lists the common Applications and Significance of the thermal and optical properties of solid
materials. Results and discussion have taken place in Section 6. Eventually, the Concludes summary of the article
has closed the article followed by the list of recent references.

Significance of the study

In this research, the thermal and optical properties of solid materials have been studied due to their importance in
practical applications such as optical fibers. At the end of the research, we studied glass fibers as an application
to the importance of the thermal and optical properties of materials. Additionally, Thermal properties were studied
in the second chapter, and this chapter was devoted to studying (quantity of heat, heat capacity of matter, specific
heat capacity, heat transfer, Stefan’s law of radiation, thermal expansion, thermal stress, metal diode
thermometers). The optical properties of solids were studied in the third chapter, and this chapter was devoted to
studying (prism scattering of light, scattering, absorption and emission, absorption of visible light in solids, colors
of crystals, color centers, and excitons).

Thermal Properties

Thermal properties of solid materials encompass a range of characteristics that govern their behavior in response
to heat [7]. These properties include thermal conductivity, specific heat capacity, thermal expansion, and thermal
diffusivity [8]. Thermal conductivity refers to a material's ability to conduct heat, while specific heat capacity
measures the amount of heat energy required to raise the temperature of a unit mass of material by a certain
amount [9]. Thermal expansion relates to a material's tendency to expand or contract with temperature changes,
while thermal diffusivity describes how quickly heat spreads within a material [10].
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Figure 1: Thermal properties of materials

The study of thermal properties involves experimental techniques such as the transient hot-wire method, laser
flash method, and Differential Scanning Calorimetry (DSC) [11]. These methods enable researchers to measure
thermal conductivity, specific heat capacity, and thermal diffusivity accurately [12]. By characterizing these
properties, scientists can optimize materials for efficient heat transfer, insulation, and temperature regulation in
various applications [13].
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Table 1: Specific heat of some solids.

Material | Chemical sample | Value (C(J/Kgc®)
Lead Pb 0.13x10°
Silver Ag 0.23x103
Copper Cu 0.38x103
Iron Fe 0.46x103
Aluminum Al 0.92x103
Ice H,0 (s) 2.10x103
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Figure 2: Specific heat of some solids.

Optical Properties
The classification of optical properties of solid materials is presented in Figure 3 which deals with their interaction

with light across the electromagnetic spectrum as shown in Figure 4 [14]. These properties encompass parameters
such as reflectance, transmittance, absorbance, refractive index, and optical bandgap as shown in Figure 5 and
further explained tabulated in Table 2 [15]. Reflectance refers to the proportion of incident light that is reflected
by a material, while transmittance measures the amount of light that passes through it [16]. Absorbance quantifies
the amount of light that is absorbed by the material. The refractive index describes the material's ability to bend
light, while the optical bandgap represents the minimum energy required for a material to absorb light and undergo
electronic transitions [17].
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Figure 3: Classification of Optical properties.

182 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



Radiation Type
Wavelength (m) ™\ Y. W . VI & (Y & /'.

Approximate scale P
of wavelength  *

THE EI.ECTROMAGNETIC SPECTRUM

I

|||"“”
T YWARY ol

U 'Ju
Buildings Humans Butterflies NeedlePoint Protozoans  Molecules  Atoms  Atomic Nuclei

Radio Waves MicroWaves  Infrared Ultra violet )
> < r—>r < >« >«

A

1

“ ‘,“ ( l||||'|| ||
VRVAVAVAIA! l||||

Diffuse Specular Absorptive Reflective Transmissive
Figure 5: Forms of Optical Properties
Table 2: Optical properties parameters.
Parameters Explanation

Reflectance

o Reflectance refers to the ratio of the reflected light intensity to the incident light intensity
on a surface. It quantifies how much light is reflected by a material or surface.

¢ Reflectance is usually expressed as a percentage or a decimal value between 0 and 1, where
0 represents no reflection (all light is absorbed) and 1 represents total reflection (no light
is absorbed).

Transmittance

¢ Transmittance is the opposite of reflectance. It refers to the ratio of the transmitted light
intensity to the incident light intensity when light passes through a material.

¢ Transmittance indicates how much light is able to pass through a material without being
absorbed or reflected.

o Like reflectance, transmittance is often expressed as a percentage or a decimal value
between 0 and 1.

o Absorbance is a measure of the amount of light absorbed by a material as it passes through
it.
o It is related to the concentration of the absorbing species in the material.

Absorbance e Absorbance is calculated using the Beer-Lambert Law, which states that absorbance is
proportional to the product of the concentration of the absorbing species, the path length
of light through the material, and a constant called the molar absorptivity.

e Absorbance is dimensionless and is calculated using logarithms.
e The refractive index is a property that describes how light propagates through a medium.
Refractive It is the ratio of the speed of light in a vacuum to the speed of light in the medium.
index e The refractive index determines how much light is bent or refracted when it passes from

one medium to another.

183 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)




o Different materials have different refractive indices, and it plays a crucial role in various
optical phenomena such as reflection, refraction, and dispersion.

e The optical bandgap refers to the energy difference between the highest occupied energy
level (valence band) and the lowest unoccupied energy level (conduction band) in a
material.

o It represents the minimum energy required to excite an electron from the valence band to
the conduction band, thus allowing the material to conduct electricity.

e The size of the bandgap determines whether a material is an insulator, semiconductor, or
conductor.

o Materials with a large bandgap are insulators, while those with smaller bandgaps are
semiconductors or conductors.

Optical
bandgap

These concepts are important in the field of optics and materials science, and they have applications in various
areas, including physics, chemistry, engineering, and optoelectronics [18]. Several techniques are employed to
investigate the optical properties of solid materials, including spectroscopy, ellipsometry, and photoluminescence
[19]. Spectroscopy techniques such as UV-Vis absorption spectroscopy, infrared spectroscopy, and Raman
spectroscopy enable the analysis of a material's interaction with light at different wavelengths [20]. Ellipsometry
measures changes in the polarization of light upon reflection or transmission, providing information about the
refractive index and thickness of thin films [21]. Photoluminescence involves the emission of light by a material
following the absorption of photons, providing insights into electronic transitions and bandgap properties [22].

Applications and Significance

The study of thermal and optical properties of solid materials has significant implications in various fields. In the
electronics industry, understanding and manipulating these properties helps in designing efficient heat sinks,
thermal interface materials, and thermoelectric devices for improved heat dissipation and energy conversion [23].
In the field of energy storage, materials with high thermal conductivity and specific heat capacity are desirable
for better thermal management of batteries and supercapacitors [24]. Similarly, optical properties play a crucial
role in the development of photovoltaic devices [25], light-emitting diodes, and optical sensors.

Moreover, researchers explore the relationship between thermal and optical properties to develop advanced
materials with tailored functionalities. For instance, thermochromic materials exhibit reversible color changes
with temperature, making them useful in smart windows and temperature sensors [26]. Optothermal materials can
convert light into heat, enabling applications in solar thermal energy conversion and photothermal therapy.

Results and discussion

All substances exist in three states: solid, liquid, and gas. Solid bodies have a fixed shape and are incompressible.
Particles in solid bodies are close to each other and oscillate around their fixed positions. The forces of attraction
between these particles are strong. Liquid materials have a specific size and do not have a specific shape and are
compressible. Slightly, the particles in liquid bodies are held together. Gases have a fixed shape or size and are
compressible. Gas particles move randomly in all directions, and the forces of attraction between them are weak.
Gases spread easily in the space available to them. The melting point is the constant temperature at which a pure
solid body turns into a liquid. Boiling is the constant temperature at which all the liquid turns into a gas. The
highest density is in solids and the lowest density is in gases. Electrical conduction: There are three materials:
conductors, insulators, and medium materials. They are between gases and conductors in their ability to allow
charges to move through them. Examples include silicon and germanium. Some impurities such as boron or
phosphorus can be added to semiconductors to increase their conductivity.

The ratio of this force resulting from the change in length resulting from the change in temperature to the cross-
sectional area is called thermal stress, and it is, as we note, a very large force if the amount of this change in length
is not taken into account when building iron structures such as bridges or railways The resulting force has the
potential to collapse such structures.

Conclusion

The study of thermal and optical properties of solid materials provides valuable insights into their behavior and
performance in various applications. By understanding and manipulating these properties, scientists and engineers
can design materials with enhanced thermal conductivity, specific heat capacity, and optical characteristics to
meet the demands of diverse technological fields. Continued research in this area holds the potential for the
development of innovative materials with improved energy efficiency, thermal management, and optical
functionalities.
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Through our study of the optical and thermal properties of some solid materials, we conclude that:

1- Aluminum has the largest specific heat value (0.92 x 103]/Kg. C°), and its value is equal to the specific heat,
while lead, which has the smallest specific heat value, is equal to (0.13 x 103]/Kg. C°).

2- The silver material has the highest value of the heat conduction coefficient, which is equal (406 W /m. C°), and
the glass material has the smallest value of the heat conduction coefficient, which is equal to (0.8 W/Wm.°C).

3- The plutonium material has the highest coefficient of thermal longitudinal expansion, which is equal to
(5.4 x 1075(€°)™1), and the silicon material has the smallest value of the coefficient of thermal expansion, which
is equal to (0.30 x 107°(C°)™1).

4- The value of the refractive index increases when the wavelength decreases. We note that borosilicate glass with
lead oxide has the highest refractive index, equal to 1.698 in violet color. Diamond has a refractive index of 2.458
compared to violet.

5- The optical properties of matter change due to the effect of temperature on it.
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