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Structure of atom and molecules, 
isotopes and isobars



• An atom is the smallest unit of matter that retains 
all of the chemical properties of an element. Atoms 
combine to form molecules, which then interact to 
form solids, gases, or liquids. For example, water is 
composed of hydrogen and oxygen atoms that 
have combined to form water molecules. Many 
biological processes are devoted to breaking down 
molecules into their component atoms so they can 
be reassembled into a more useful molecule.

Atomic Particles
Atoms consist of three basic particles: protons, electrons, and 
neutrons. The nucleus (center) of the atom contains the protons 
(positively charged) and the neutrons (no charge). The outermost 
regions of the atom are called electron shells and contain the 
electrons (negatively charged). Atoms have different properties 
based on the arrangement and number of their basic particles.

The hydrogen atom (H) contains only one proton, one electron, and 
no neutrons. This can be determined using the atomic number and 
the mass number of the element (see the concept on atomic 
numbers and mass numbers).



What is an Isotope?
Isotopes are various forms of an element that have the same 
number of protons but a different number of neutrons. Some 
elements, such as carbon, potassium, and uranium, have multiple 
naturally-occurring isotopes. Isotopes are defined first by their 
element and then by the sum of the protons and neutrons present.
•Carbon-12 (or 12C) contains six protons, six neutrons, and six 
electrons; therefore, it has a mass number of 12 amu (six protons 
and six neutrons).
•Carbon-14 (or 14C) contains six protons, eight neutrons, and six 
electrons; its atomic mass is 14 amu (six protons and eight 
neutrons).
While the mass of individual isotopes is different, their physical and 
chemical properties remain mostly unchanged.
Isotopes do differ in their stability. Carbon-12 (12C) is the most 
abundant of the carbon isotopes, accounting for 98.89% of carbon 
on Earth. Carbon-14 (14C) is unstable and only occurs in trace 
amounts. Unstable isotopes most commonly emit alpha particles 
(He2+) and electrons. Neutrons, protons, and positrons can also be 
emitted and electrons can be captured to attain a more stable 
atomic configuration (lower level of potential energy ) through a 
process called radioactive decay.





Periodic Properties of Elements



The periodic table arranges the elements by periodic properties, which are recurring trends in 
physical and chemical characteristics. These trends can be predicted merely by examining 
the periodic table and can be explained and understood by analyzing the electron 
configurations of the elements. 

Elements tend to gain or lose valence electrons to achieve stable octet formation. Stable octets 
are seen in the inert gases, or noble gases, of Group VIII of the periodic table. In addition to 
this activity, there are two other important trends. First, electrons are added one at a time 
moving from left to right across a period. 

As this happens, the electrons of the outermost shell experience increasingly strong nuclear 
attraction, so the electrons become closer to the nucleus and more tightly bound to it. Second, 
moving down a column in the periodic table, the outermost electrons become less tightly 
bound to the nucleus. This happens because the number of filled principal energy levels 
(which shield the outermost electrons from attraction to the nucleus) increases downward 
within each group.





Types of chemical bonding and 
chemical reactions

Why form chemical bonds? The basic answer is that 

atoms are trying to reach the most stable (lowest-

energy) state that they can. Many atoms become stable 

when their valence shell is filled with electrons or when 

they satisfy the octet rule (by having eight valence 

electrons). If atoms don’t have this arrangement, they’ll 

“want” to reach it by gaining, losing, or sharing 

electrons via bonds.

Ions and ionic bonds
Some atoms become more stable by gaining or losing an entire 
electron (or several electrons). When they do so, atoms form ions, or 
charged particles. Electron gain or loss can give an atom a filled 
outermost electron shell and make it energetically more stable.

Forming ions
Ions come in two types. Cations are positive ions formed by losing 
electrons. For instance, a sodium atom loses an electron to become a 
sodium cation. Negative ions are formed by electron gain and are 
called anions. Anions are named using the ending “-ide”: for example, 
the anion of chlorine is called chloride.

When one atom loses an electron and another atom gains that 
electron, the process is called electron transfer. Sodium and chlorine 
atoms provide a good example of electron transfer.



Covalent bonds
Another way atoms can become more stable is by sharing electrons 
(rather than fully gaining or losing them), thus forming covalent 
bonds. Covalent bonds are more common than ionic bonds in the 
molecules of living organisms.

For instance, covalent bonds are key to the structure of carbon-
based organic molecules like our DNA and proteins. Covalent bonds 
are also found in smaller inorganic molecules, such as H2O, CO2, 
O2. One, two, or three pairs of electrons may be shared between 
atoms, resulting in single, double, or triple bonds, respectively. The 
more electrons that are shared between two atoms, the stronger 
their bond will be.

The shared electrons split their time between the 

valence shells of the hydrogen and oxygen atoms, 

giving each atom something resembling a complete 

valence shell (two electrons for H, eight for O). This 

makes a water molecule much more stable than its 

component atoms would have been on their own.



Polar covalent bonds
There are two basic types of covalent bonds: polar and nonpolar. 
In a polar covalent bond, the electrons are unequally shared by 
the atoms and spend more time close to one atom than the other. 
Because of the unequal distribution of electrons between the 
atoms of different elements, slightly positive (δ+) and slightly 
negative (δ–) charges develop in different parts of the molecule.

In a water molecule (above), the bond connecting the 

oxygen to each hydrogen is a polar bond. Oxygen is a 

much more electronegative atom than hydrogen, 

meaning that it attracts shared electrons more strongly, 

so the oxygen of water bears a partial negative charge 

(has high electron density), while the hydrogens bear 

partial positive charges (have low electron density).

Nonpolar covalent bonds
Nonpolar covalent bonds form between two atoms of the same 
element, or between atoms of different elements that share 
electrons more or less equally. For example, molecular oxygen O2 is 
nonpolar because the electrons are equally shared between the two 
oxygen atoms.



Types of Chemical Reactions





Element - their extraction, purification of 
organic compound

Types of Purification

A large number of methods are available for the purification of 
substances. The choice of method, however, depends upon the nature 
of substance (whether solid or liquid). It also depends on the type of 
impurities present in it. Commonly used these methods for 
purification of substances:

•Simple crystallisation
•Fractional crystallisation
•Sublimation
•Simple distillation
•Fractional distillation
•Distillation under reduced pressure
•Steam distillation
•Azeotropic distillation
•Chromatography

Simple Crystallisation

This is the most common method that we use to purify 
organic solids. For crystallisation, a suitable solvent is one:

•which dissolves more of the substance at a higher 
temperature than at room temperature

•in which impurities are either insoluble or dissolve to an 
extent that they remain in solution (in the mother liquor) 
upon crystallization

•which is not highly inflammable 

•which does not react chemically with the compound to be 
crystallized. The most commonly-used solvents for 
crystallisation are water, alcohol, ether, chloroform, carbon-
tetrachloride, acetone, benzene, petroleum ether etc.





Solved Examples for You

Question: Give two practical applications of simple 
crystallisation.

Answer: Practical applications of simple crystallisation
include:

•Sugar having an impurity of common salt can be 
crystallized from hot ethanol since sugar dissolves in 
hot ethanol but common salt does not.
•A mixture of benzoic acid and naphthalene can be 
separated from hot water in which benzoic acid 
dissolves but naphthalene does not.



Acids, bases and salts











Carbon, Organic compounds 
classification and nomenclature 
of organic compound, isomerism 
organic compound



Introduction:

Carbon plays very important roles for all living beings.

The amount of carbon in the earth’s crust is merely 0.02%, which is 

available in the form of minerals such as carbonates, hydrogen-

carbonates, coal, and petroleum.

The presence of carbon in the atmosphere of the earth is 0.03%, in the 

form of carbon dioxide.

Compounds of Carbon

Almost all carbon compounds (except a few) are poor conductors of 

the electricity.

The diamond and graphite both are formed by carbon atoms; however, 

the difference lies between them in the manner in which the carbon 

atoms are bonded to one another.

In graphite, each atom of the carbon, is bonded to three other carbon 

atoms in the same plane, which gives a hexagonal array 

In diamond, each atom of the carbon, is bonded to four other carbon 

atoms and form a rigid three-dimensional structure.
















