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Abstract

The chapter discusses the states of matter, gases, liquids, and solids and their application in industries and technology. It
starts with a careful examination of gas laws such as the law of Boyle and Charles' law, including the law of Avogadro,
and illustrates their applications in process industries, gas storage, and the design of chemical reactors. The properties of
liquids and solutions, such as concentration, colligative properties, and viscosity, are discussed in regard to their
applications in pharmaceuticals, chemical processing, and food industries. The chapter also highlights the structure and
properties of solids such as crystal systems, lattice structures, and defects and their importance in metallurgy, ceramics,
as well as material engineering. The practical importance of the study of molecular and structural behavior is demonstrated
in industrial processes like cryogenics of liquefied gases, metal casting and the creation of alloys. The chapter also focuses
on how understanding of matter at the molecular level and the macroscopic level can help chemists and engineers to
optimize production, enhance the performance of materials and be innovative in manufacturing. The chapter creates a
solid ground in applied physical chemistry because it highlights the importance of understanding the basic concepts with
a practical application of the same in contemporary industries.
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2.1. Introduction

Depending on conditions such as temperature and pressure, matter can exist in various forms, known as solid,
liquid, gas and plasma. In chemistry, knowledge of states of matter is essential in predicting the behaviors of
chemical reactions, designing chemical reactions, and applying the reaction to the industry. For example, gas
follows some laws which assist industries to construct storage tanks, pipelines and reactors. The
pharmaceutical and food industries rely on liquids and solutions, and materials science and metallurgy are
based on solids and crystal structures. This chapter will discuss the states of matter, their concepts and use in
industry such as cryogenics, metallurgy and solution chemistry.

2.2. Gas Laws & Industrial Applications

The behaviour of gases is opposite to the behaviour of liquids and solids: the molecules are very far apart,
there are collisions, and pressure, volume and temperature are often dependent on each other. The first order
classical laws of gases (Boyle, Charles, Avogadro) and the summation law of ideal gases PV=nRT, which
provide quite useful and fundamental models of the design and operation of equipment in chemical plants,
medical facilities, food processing, cryogenics and aerospace. The ideal gas model has been extensively used
in the design of compressors and storage vessels in the industrial sector, where it is important to make
corrections to the behavior of real g ases at high pressure and very low temperatures. It is discussed below in
the theory, real-life examples, worked calculation, limits (real gases), and industrial factors (safety,
liquefaction, cryogenics, storage and transport). (Fig. 2.1)
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