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Description

Solid-state chemistry, often known as materials chemistry, is
the study of the synthesis, structure, and characteristics of solid
phase materials, notably non-molecular solids, but not solely.
With a focus on the synthesis of novel materials and their
characterization, it has a considerable overlap with solid-state
physics, mineralogy, crystallography, ceramics, metallurgy,
thermodynamics, materials science, and electronics. On the
basis of the nature of order present in the arrangement of their
constituent particles, solids can be classed as crystalline or
amorphous.

Synthetic Methods

High temperature procedures are frequently used for
thermally resistant materials. Bulk solids, for example, are made
in tube furnaces, which may reach temperatures of around 1100
°C. Special equipment, such as ovens with a tantalum tube
through which an electric current is conducted, can reach
temperatures of up to 2000 °C. Diffusion of the reactants is
sometimes necessitated at such high temperatures [1].

Melt Methods

Melting the reactants together and then annealing the
formed melt is a common process. When volatile reactants are
involved, the reactants are frequently placed in an ampoule and
the mixture is evacuated. By submerging the ampoule's bottom
in liquid nitrogen and then sealing it. After that, the sealed
ampoule is placed in an oven and given a heat treatment [2].

Certain grains may develop fast within a matrix of finer
crystallites in the presence of molten flux. This causes Aberrant
Grain Growth (AGG), which can be beneficial or harmful to the
final product.

Solution Methods

Solvents can be used to prepare solids through precipitation
or evaporation. At times, the solvent is utilised as a
hydrothermal, which means it is heated to temperatures over its
boiling point. Flux techniques are a variation on this subject, in
which a salt with a low melting point is introduced to the
mixture to act as a high temperature solvent in which the
desired reaction can occur. This might be quite beneficial [3].

Gas Reactions

Many solids react violently when exposed to reactive gas
species such as chlorine, iodine, and oxygen. Others combine
with other gases, such as CO or ethylene, to generate adducts.
These reactions are frequently carried out in a tube with open
ends on both sides through which the gas is conveyed. Allowing
the reaction to take place inside measuring equipment, such as a
TGA, is a variation on this [4].

In that situation, stoichiometric data can be gathered during
the reaction, allowing the products to be identified. To clean and
grow crystals of materials, chemical transport reactions are
used. The procedure is frequently performed in a sealed
ampoule. A little amount of a transport agent, such as iodine, is
added to the process, resulting in a volatile intermediate species
that migrates (transports).

After that, the ampoule is placed in a two-temperature oven.
Chemical vapour deposition is a process for making coatings and
semiconductors from chemical precursors that is frequently
used.

Characterization

In the sense that a series of reaction mixtures are created and
heat treated, synthetic technique and characterisation
frequently go hand in hand. To identify which stoichiometries
will lead to new solid compounds or solid solutions between
recognised ones, the stoichiometry is routinely modified in a
methodical way. Powder diffraction is a popular approach for
characterising reaction products because many solid state
processes create polycristalline ingots or powders. The
identification of recognised phases in the combination will be
aided by powder diffraction. If a pattern is discovered that is not
found in the diffraction data banks, an attempt can be made to
index the pattern, that is, to determine the symmetry and unit
cell size [5]. Once the unit cell of a new phase has been
determined, the phase's stoichiometry must be determined.
This can be accomplished in a variety of ways.

If there is only one product-a single powder pattern-or if one
was seeking to make a phase of a given composition by analogy
to known materials, the composition of the initial combination
may provide a clue, but this is rare. To obtain a pure sample of
the new material, considerable work in improving the synthetic
approach is frequently necessary. Elemental analysis can be used
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if the product can be separated from the rest of the reaction
mixture. Another method is to use a scanning electron
microscope and generate distinctive X-rays in the electron beam.
Because of its imaging capabilities and data generating speed, X-
ray diffraction is also utilised.

The latter frequently necessitates revisiting and fine-tuning of
the preparative techniques, which is related to the question of
which phases are stable at what composition and stoichiometry.
Thermal analysis techniques like as DSC or DTA, as well as
temperature-dependent powder diffraction, have become
increasingly significant with the advent of synchrotrons.
Increased understanding of phase relations frequently leads to
iterative development of synthetic techniques. Melting points
and stoichiometric domains are thus used to classify new
phases. For the many solids that are non-stoichiometric
compounds, the latter is critical. The XRD cell characteristics are
especially useful for characterizing the homogeneity ranges of
the latter [6].

Thermodynamics is a field of physics that studies heat, work,
and temperature, as well as their relationships with energy,
entropy, and matter and radiation physical properties [7]. The
four principles of thermodynamics regulate the behaviour of
these quantities, which provide a quantitative description using
quantifiable macroscopic physical characteristics but can be
described by statistical mechanics in terms of microscopic
elements [8]. Thermodynamics is used in a wide range of science
and engineering areas, including physical chemistry,
biochemistry, chemical engineering and mechanical engineering,
as well as more sophisticated fields like meteorology.

In nuclear spectroscopy, the phrase "local structure" refers to
the structure of an atom's closest neighbours in crystals and
molecules. For example, in crystals, atoms arrange themselves in
a regular pattern throughout a wide range of sizes to generate
even massive highly ordered crystals [9]. In fact, crystals are
never perfect and always have impurities or defects, indicating
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that a foreign atom is present on a lattice site or between lattice
sites (interstitials). X-ray diffraction and neutron diffraction, for
example, cannot detect these minor flaws and impurities
because these methods average across a large number of atoms
and are thus insensitive to influences in local structure. Nuclear
spectroscopy methods use specific nuclei as probes [10].
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