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1.1: Matter and energy

Define matter, element, molecule, compound, molecule, mixture, homogeneous and heterogeneous mixtures, the law of
constant composition, states of matter, i.e., solid, liquid, gas, and plasma, energy and its types kinetic and potential energy,
endothermic and exothermic and exothermic processes, and the law of conservation of energy.
Be able to write and interpret symbols of elements, molecules, and compounds. 

What is the matter? 

Matter is anything that has mass and occupies space.

Matter is a natural material that makes up the universe. The matter comprises tiny particles called atoms held together by forces
called bonds. The matter is classified as pure if it has a constant and a non-variable composition of the type of atoms. Pure matter
is either an element or a compound.

Element 

An element is pure matter that is composed of only one type of atom

For example, carbon, shown in Fig. 1.1.1, is an element. Elements can not convert to simpler matter by physical or chemical
methods. There are around a hundred different elements known at this time. For example, hydrogen, oxygen, carbon, nitrogen,
sodium, chlorine, iron, cobalt, gold, and silver are a few elements.

Figure : The pencil tip is carbon -an element composed of one type of atom, as shown in the model.

Symbol of an element 

Symbols represent elements, the first alphabet of their English or non-English name, written in capital letters. For example, C for
carbon, O for oxygen, and H for hydrogen. Usually, another alphabet is also chosen from the element's name and written as a small
letter, e.g., He for helium, Co for cobalt. Some element symbols are derived from non-English names, e.g., Fe for iron is from its
Latin name Ferrum, and Au for gold is from its Latin name Aurum.

Two consecutive capital letters do not represent an element; they may combine two elements.

CO is not a symbol of an element; it is a pure matter, a combination of carbon and oxygen bonded together in a 1:1 atom ratio.

Molecule 

A molecule is a group of two or more atoms held together by forces called chemical bonds. The molecule is the smallest particle of
matter that can exist freely. A single atom of some elements can exist freely and is also considered a molecule. For example, He,
O , P , and S  are examples of elements having molecules composed of one, two, four, and eight atoms of the same element,
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respectively, as illustrated in Fig. 1.1.2. Although metal elements exist as a vast number of atoms bonded together by a special type
of bond called metallic bonds, their symbol is that of a single atom, e.g., Fe for iron and Au for gold.

Figure : Models of molecules of some elements.

Compound 

A compound is a pure matter composed of atoms of two or more different elements in a constant whole-number ratio held
together by chemical bonds.

The symbol of a compound is a combination of its constituent elements with a subscript to the right of the element symbol
representing the whole number ratio of the atoms of the element in the compound. For example, H O symbolizes a compound
called water composed of hydrogen (H) and oxygen (O) atoms in a 2:1 ratio. Similarly, NaCl symbolizes a table salt compound
composed of sodium (Na) and chlorine (Cl) atoms in a 1:1 ratio. If the symbol of a compound also represents a molecule of the
compound, it is called a molecular formula. For example, H O is a molecule formula of water. On the other hand, table salt is
another class of compound composed of a vast number of atoms of its constituent elements arranged in a specific arrangement in
3D space called a crystal lattice, as illustrated in Fig. 1.1.3. When the compound symbol does not represent a molecule, it only
means the simple whole-number ratio of the constituent elements; it is called the formula unit. For example, NaCl is a chemical
formula of a compound called table salt.

Figure : Sodium chloride (NaCl) –a compound, the crystal (left) and the model showing crystal lattice (right). Source:
Halite(Salt)USGOV.jpg  and Benjah-bmm27 (talk · contribs) / Public domain.

A chemical compound always contains the number of atoms of its component elements in a constant ratio, or the ratio of
masses of the constituent elements is a constant in a given compound.

Pure matter, i.e., elements or compounds, has a fixed proportion of atoms of element/s independent of the source or method of their
preparation. It is also called a chemical or a substance. The atoms in a compound are held together by attractive forces called
chemical bonds. Constituent elements in a compound can be separated only by breaking chemical bonds and making new chemical
bonds which is a chemical reaction.

Mixture 

Two or more pure substances mixed such that ratio of the constituents is variable is called a mixture.

For example, table salt can be mixed with water, but the salt (NaCl) to water (H O) can be varied to give less salty or more salty
water in a mixture. A mixture in which the components are thoroughly mixed, and the composition is constant throughout a given
sample, is a homogeneous mixture or a solution. For example, table salt dissolved in water is an example of a homogeneous
mixture or a solution. Other homogeneous mixtures include sugar dissolved in water; the air, a mixture of nitrogen, oxygen, carbon
dioxide, and other gases; and metal alloys like brass, a mix of copper and zinc metals, etc.
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Figure : A heterogeneous mixture of iron and sulfur (left), separated by a magnet (right). Source: Asoult / CC BY
(https://creativecommons.org/licenses/by/4.0)

It is a heterogeneous mixture if the miitsnents are not thoroughly mixed and the composition varies within different regions of a
given sample. For example, sulfur (S) powder mixed with iron (Fe) filling is a heterogeneous mixture shown in Fig. 1.1.4. Other
examples of heterogeneous mixtures include smoke which is a mixture of air and carbon particles; smog which is a mixture of
liquid water droplets suspended in air; and orange juice which is a mixture of sugar, water, fiber particles, etc. Fig. 1.1.5 illustrates
the classification of the matter described above.

Figure : Classification of matter.

States of matter 
Matter exists in one of the four physical states or phases, i.e., solid (s), liquid (l), gas (g), or plasma. Fig. 1.1.6 illustrates the four
states of matter at the molecular level, and Fig. 1.1.7 shows examples of the four states of matter.

Figure : Four states of matter at the molecular level. Source: https://www.hiclipart.com/free-trans...mwpjm/download
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Figure : Examples of the four states of matter. Clockwise from the top left are solid, liquid, plasma, and gas, represented by an
ice sculpture, a drop of water, electrical arcing from a Tesla coil, and the air around clouds, respectively. Source: Spirit469 / CC
BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

Solid-state 

In the solid state, the particles, i.e., atoms or molecules, are very close to each other and held strongly by intermolecular forces. The
particles can vibrate around their mean positions, but they cannot slide past each other. Expansion and contraction in a solid state
are negligible. The solid has a fixed shape and a fixed volume.

Liquid state 

In the liquid state, the particles are close enough to experience strong intermolecular interactions that usually do not let the particles
cross the liquid boundary. Still, the particles can move around within the liquid. Consequently, the particles in a liquid can flow and
acquire the shape of the container but have a fixed volume. Expansion and contraction are negligible in the liquid state.

Gas state 

In the gas state, the particles are far apart. The intermolecular interactions are negligible in the gas phase due to the large distances
between the particles. The gas molecules move in straight lines in random directions until they collide with other molecules or the
walls of the container. The collisions are elastic; that is, the molecules bounce off like elastic balls, and the total kinetic energy of
the system is conserved. If exposed to space, the particles keep moving into space. In other words, the particles in a gas can flow,
acquire the shape of the container, and expand or contract to fill up the available space. The gases do not have a fixed shape and do
not have a fixed volume.

Plasma state 

In the plasma state, the particles are far apart like gases, and a portion of the negative charge of the particles, i.e., electrons, are
separated from the positive charge potion, i.e., the nucleus. In other words, the atoms in the plasma state are ionized. The plasma
state is not common on Earth but is the universe's most common state of matter. For example, the matter in the sun and stars is in
the plasma state. Examples of the plasma state on Earth include the matter in the lightning bolts and electrical sparks.

What is energy 

Energy is a quantitative property transferred to an object and recognizable as performing work or as heat or light. In simple
words: energy is the ability to do work.

What we commonly encounter other than matter is energy. There are two basic types of energies, i.e., the kinetic energy of moving
objects and potential energy stored by the position of an object in a force field, e.g., gravitation potential energy under the gravity
force and chemical potential energy under the electrical fields in the bonds, as illustrated in Figure .
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Figure : Potential energy stored in the fuel is transformed into kinetic energy of the Harpoon missile launched on USS
Thorn. (Copyright; Darantares, Public domain, via Wikimedia Commons)

Kinetic energy 

The energy of moving objects is kinetic energy. The mathematical form of kinetic energy (KE) is , where m is the
mass and v is the velocity of the moving object. Examples of kinetic energy include the energy of all moving things that we see
around, like moving vehicles or a moving turbine that generates electricity. Thermal energy is also the kinetic energy of the atoms
and molecules in matter.

Potential energy 

Potential energy is due to the position of an object in a force field. Examples of force fields responsible for the potential energy
include electric, magnetic, gravitational, and elastic forces. Examples of potential energies are electrical energy and gravitational
energy. Light is potential energy due to moving electric and magnetic fields. Chemical energy is potential energy stored in chemical
bonds in electrostatic potential energy.

Gravitation potential energy is due to position or height relative to the earth. The earth attracts other objects with force ,
where F is the force, m is the object's mass, and g is the acceleration due to gravity. When an object falls, the potential energy
changes to several forms of energy, including kinetic energy, work against friction from air, sound, and work done in deformations
when it hits the ground.

Chemical potential energy is due to chemical bonds that hold the atoms together in a molecule or compound through electrical
forces between negative charge electrons and positive charge nuclei. Bond-forming always releases energy, and bond-breaking
absorbs the same energy. Each bond has different bond energy. In chemical reactions, some bonds break, and some bonds form.

A combination of kinetic and potential energy is also possible, e.g., in mechanical waves. A sound wave is a mechanical wave that
combines kinetic and potential energy –kinetic because particles move and potential due to the elasticity of the material in which
the deformation (sound) is propagating.
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Exothermic and endothermic reactions 

Figure : Combustion of methane –an example of an exothermic reaction that releases energy as the heat used for cooking
(left), and photosynthesis - an example of an endothermic reaction that absorbs energy (right). Source:
https://www.hiclipart.com/free-trans...imhhh/download and https://www.hiclipart.com/free-trans...-clipart-mslhq

The balance between the energy needed to break the bonds and the energy released from forming new bonds determines whether
the chemical reaction releases or absorbs energy. Chemical reactions that release energy are called exothermic reactions. For
example, the combustion of methane gas in kitchen burners releases energy. A reaction that absorbs energy is called an
endothermic reaction. For example, photosynthesis converts carbon dioxide and water to glucose by absorbing sunlight, as
illustrated in Fig. 1.1.9.

Law of conservation of energy 

Figure : Energy can transform from one form to another, but energy can neither be created nor destroyed. Source:
https://www.hiclipart.com/free-trans...muhlp/download

The energy conservation law states that energy can transform from one form to another, but the total energy of an isolated
system remains the same.

Energy can transform from one form to another through work or heat. An oscillating pendulum is an example of kinetic and
gravitational potential energy periodically transforming into each other through work. Radiation energy in sunlight transfers to
chemical energy during photosynthesis, heat, and work during glucose metabolism, but the total energy remains the same, as
illustrated in Figure .

This page titled 1.1: Matter and energy is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad Arif
Malik.
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