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Structure of atom and molecules,
isotopes and isobars

LEARNING OBJECTIVES

Discuss the electronic and structural properties of an atom

LEARNING OBJECTIVES

Discuss the properties of isotopes and their use in radiometric dating

KEY TAKEAWAYS

Key Points
« An atom is composed of two regions: the nucleus, which is in the center of the atom and contains protons and neutrons,
and the outer region of the atom, which holds its electrons in orbit around the nucleus.

* Protons and neutrons have approximately the same mass, about 1.67 x 10-24 grams, which scientists define as one

atomic mass unit (amu) or one Dalton.
* Each electron has a negative charge (-1) equal to the positive charge of a proton (+1).

* Neutrons are uncharged particles found within the nucleus.
Key Terms

» atom: The smallest possible amount of matter which still retains its identity as a chemical element, consisting of a

nucleus surrounded by electrons.

s proton: Positively charged subatomic particle forming part of the nucleus of an atom and determining the atomic
number of an element. It weighs 1 amu.

* neutron: A subatomic particle forming part of the nucleus of an atom. It has no charge. It is equal in mass to a proton or

it weighs 1amu.




* 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.

Neutrons

Electrons = Nucleus

— Protons

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).



Protons, Neutrons, and Electrons

nucleus

orbitals

Atomic number

Mass number




Isobars

e Species or atoms having same atomic mass number but different atomic number

« For example - t*C, %4N

» They have the same number of nucleons i.e sum of protons and neutrons are same but

Number of protons and neutrons alone varies between them

Isotope Protons(P) Neutrons(N) Sum(P+N) Electrons
6 8 14 6

6(:14

5N 14 7 7 14 7

» Chemical properties depends on Atomic Number, So isobars are different chemical elements

and have different chemical properties

Examples of Isobars:
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Isotopes

Isotopes are different atomic structure of same
elements having same atomic number but
different atomic mass number

Atomic Number is same

Chemical properties are same

Fhysical properties are different
Mumber of protons & electrons are same.
MNeutrons only differ
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Isobars

Isobars are different elements having same
Atomic mass number but different atomic
number

Atomic Number are different

Chemical properties are different as different
element

Fhysical properties can be same

All neutrons, protons, and electrons differ



Periodic Properties of Elements
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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.

lonization energy

Electron affinity

N
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Atomic radius

Electron affinity
lonization energy

Atomic radius



Periodic Properties

STe i R ElE Number of electron shells remains the same Merits and Demerit

Valence electrons Qe i of Periodic Table
:
Electronegativity Increases

Based on atomic number.

Position of elements are

Electron affinity Increases related to electronic
configuration.

Periodic properties shows
gradual variation at
Non-metallic regular intervals.
Character Increases lts easier to remember,
understand and
reproduce.

lonization energy

o EI i Metallic character Decreases

Remains the same

Decreases

Character

Electron shells increases by one
Decreases

Mon-metallic Ch
Decreases,
Metallic

Demerits
Position of hydrogen is not satisfactory.
Fails to accommodate inner transition elements.

Few elements are not arranged according to their
electronic configuration.

. Across the period Down the group
Properties .
(left to right) (top to bottom)
Atomic size Decreases Increases
No. of valence electrons Increases Remains same
Metallic character Decreases Increases
Non-metallic character Increases Decreases
Electron affinity Increases Decreases
Electronegativity Increases Decreases
lonisation energy Increases Decreases
Basic nature of oxides Decreases Increases
Decreases in Groups | and |l
Increases from Group | to .
. . Decreases in Groups Il and
Melting point Group IV and then i/
decreases .
Increases in Groups V to VI
Decreases in Groups | and [l
Increases from Group | to .
- . Decreases in Groups Il and
Boiling point Group IV and then I/
decreases .
Increases in Groups V to VI
Oxidising nature Increases Decreases
Reducing nature Decreases Increases




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.

lons 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

lons 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 H20, CO2,
02. 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.

2H

The shared electrons split their time between the
valence shells of the hydrogen and oxygen atomes,
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 (6+) and slightly
negative (6—) 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 02 is
nonpolar because the electrons are equally shared between the two
oxygen atoms.

Bond type Molecular shape

O+

o+
R
Water 3 5+ o
o

Polar covalent

Methane Q—@)

Nonpolar covalent

Tetrahedral




Types of Chemical Reactions

1.Synthesis reactions
Two or more reactants combine to make 1 new product.
Examples:

C(s) + Ox(g) — CO(g)

HZO(I) + SOg(g) - HgSO4(aq)

2.Decomposition reactions
A single reactant breaks down to form 2 or more products.
Examples:
HyCOs(aq) — H20(1) + CO2(g)
CaCOs(s) = CaO(s) + CO4(g)

3.Single-replacement reactions
A single element replaces a similar element of an adjacent reactant compound.
Examples:

Zn(s) + CuSOy(aq) — ZnSOy(aq) + Cu(s)

4.Double-replacement reactions
Two ionic compounds exchange ions, producing 2 new ionic compounds.
Examples:
NaCl(aq) AgNOs(aq) = NaNOs(aq) + AgCl(s)
HCl(aq) + NaOH(aq) — NaCl(aq) + H,O(l)
5.Combustion reactions

A single element or compound combines with oxygen gas releasing energy. This
rapid oxidation is called burning.

Examples:
C(s) + O2(g) — COx(g) + energy
2Mg(s) + Os(g) — 2MgO(s) + energy



Single-replacement activity

1.Hold the test tube containing 0.5 M CuSOj4 solution at a 45° angle and insert the

nail.
2.Place the test tube in the test tube rack. What happens?
3.If you use a plain iron nail, here is the reaction:

Fe(s) + CuSOy(aq) = ______ @@q)+______ (s)

4.Complete and balance both equations.

Double-replacement activity

1. Pour the baking soda (sodium hydrogen carbonate, NaHCQO3) from the spoon
into the 250-mL beaker containing the vinegar (acetic acid, HC;H30»).

2.Describe what happens.
3.Complete and balance the equation below for this reaction:
NaHCO3 + HCoH30, — _ aq)+ ______ (aq)

4.0ne of the products, carbonic acid (H,COs), immediately decomposes into water
and a gas. Complete and balance this equation, and identify the gas with a

flaming or glowing splint:

H2C03 - HZO t (g)



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.
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Simple Distillation

Distillation is the joint process of vapourisation and condensation. We use this
method for the purification of liquids which boil without decomposition and contain
non-volatile impurities. We can also use this method for separating liquids having

sufficient difference in their boiling points.

DISTILLED
LIQUID

Solved Examples for You

Question: Give two practical applications of simple
crystallisation.

Answer: Practical applications of simple crystallisation
include:

eSugar 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.

Chromatography: It is a technique used to separate mixtures in to their components, purify. Compounds which can be
solid or liquid and also test the purity of compounds.

o In this technique the mixture of substances are applied on to a stationary phase .Then a pure solvent or a mixture of
solvents is allowed to move slowly over stationary phase .The components of mixture gets gradually separated from
one another .The moving phase is mobile phase .

The chromatography is classified into two categories:
o Adsorption chromatography

o Partition chromatography



Acids, bases and salts
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Acid - Base reactions

HCI NaOH NaCl

5-B-B-B

Acid Salt Water

Acids

Acidity is a characteristic property of acids. Acidic substances are usually very sour.
Apart from hydrochloric acid, there are many other types of acids around us. Citrus
fruits like lemons and oranges contain citric and ascorbic acids while tamarind paste

contains tartaric acid.

In fact, the word ‘acid’ and ‘acidity’ are derived from the Latin word ‘acidus’ which
means sour. If you dip a blue litmus paper into an acid, it will turn red while a red
litmus paper will not change colour. Acids also liberate dihydrogen when they react

with some metals.

Bases

Bases turn red litmus paper blue while the blue litmus paper stays blue. They taste
bitter and also feel soapy. Some other common examples of bases include sodium

bicarbonate that is used in cooking and household bleach.



Salts

Apart from sodium chloride, other common salts are sodium nitrate, barium sulfate
etc. Sodium chloride or common salt is a product of the reaction between the
hydrochloric acid (acid) and sodium hydroxide (base). Solid sodium chloride is
made of a cluster of positively charged sodium ions and negatively charged chloride

ions held together by electrostatic forces.

Electrostatic forces between opposite charges are inversely proportional to the
dielectric constant of the medium. In other words, we can say that a compound that
has acidity in its nature and a compound that has basicity as its nature, may yield

salts when combined together.

The universal solvent, water, has a dielectric constant of 80. Therefore, when sodium
chloride is dissolved in water, the dielectric constant of water reduces the electrostatic
force, allowing the ions to move freely in the solution. They are also well-separated

due to hydration with water molecules.

g,

o
Water molecule

- y Y )

> \. »IJ /’}‘,. 7 /
7
Crystal of NaCl & 0

Hydrated chloride ion

lonization And Dissociation

Dissociation is the separation of ions from an ionic crystal when a solid ionic
compound dissolves in water. On the other hand, ionization is the process where a
neutral molecule breaks into charged ions when dissolved in a solution. The extent of
ionization depends on the strength of the bonds between ions and the extent of

solvation of ions.



Arrhenius Concept

According to Arrhenius concept, Substances which produce H" ions when dissolved
in water are called acids while those which ionize in water to produce OH™ ions are
called bases.

HA > H*+ A (Acid)
BOH - B™ + OH™ (Base)

Arrhenius proposed that acid-base reactions are characterized by acids if they
dissociate in aqueous solution to form hydrogen ions (H") and bases if they form

hydroxide (OH") ions in aqueous solution.

Bronsted-Lowry Concept

Bronsted and Lowry in 1923 independently proposed a more general definition of
acids and bases. According to them, an acid is defined as any hydrogen-containing
material (molecule, anion or cation) which can donate a proton to other substance
and a Base is any substance(molecule, cation or anion) that can accept a proton from
any other substance. Therefore, acids are proton donor whereas bases are proton
acceptor.

Lewis

Brgnsted-Lowry

/ — ~—
I

-

. N H+ \
[ R " B\
\l ‘ / . \\

./ Arrhenius | |

J
|

”‘\H%\ ‘OH y |

Acid-base pairs in which the members of reaction can be formed from each other by

the gain or loss of protons are called conjugate acid-base pairs.



Lewis Concept

According to Lewis theory of acid-base reactions, bases donate pairs of electrons and
acids accept pairs of electrons. Thus, it can be said that a Lewis acid is electron-pair

acceptor.

The advantage of the Lewis theory is that complements the model of oxidation-
reduction reactions. Oxidation-reduction reactions take place on a transfer of
electrons from one atom to another, with a net change in the oxidation number of

one or more

The Lewis theory further suggested that acids react with bases and share a pair of
electrons but there is no change in the oxidation numbers of any atoms. Either an
electron is transferred from one atom to another, or the atoms come together to share

a pair of electrons.
Al(OH); + 3H* > AI** + 3H,0 (Aluminium hydroxide is acting as a base)
AI(OH); + OH™ > AI(OH)* (Aluminium hydroxide is acting as an acid)

These reactions are showing clearly: When Aluminium hydroxide accepts protons, it
acts as a base. When it accepts electrons, it acts as an acid. This Lewis acid-base
theory also explains why non-metal oxides such as dioxide dissolve in H,O to

form acids, such as carbonic acid H,COs.

Solved Example for You

Question: Whether the following ions or molecules can act as Lewis acid or a Lewis

base?

] Ag+

. NH,
Solution:

o A silver cation is Lewis acid

« Ammonia is Lewis base



Carbon, Organic compounds
classification and nomenclature
of organic compound, iIsomerism
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.

Graphite Structure

|

Diamond Structure




Allotropes of Carbon
Allotropy: The phenomenon in which the element exists in two or more different physical states with similar
chemical properties are called Allotropy.

Carbon has Three Main Allotropes

e Diamond: In this, carbon, an atom is bonded to four other atoms of carbon forming three-dimensional
structures. It is the hardest substance and an insulator. It is used for drilling rocks and cutting. It is
also used for making jewellery.

« Graphite: In this, each carbon atom is bonded to three other carbon atoms. It is a good conductor of
electricity and used as a lubricant.

¢ Buckminster Fullerene: It is an allotrope of the carbon-containing cluster of 60 carbon atoms joined
together to form spherical molecules. It is dark solid at room temperature.




Physical Properties of Organic Compounds
Most of the organic compounds have low boiling and melting point, due to the weak force of attraction (i.e,,
the inter-molecular force of attraction) between these molecules.

Most carbon compounds are poor conductors of electricity, due to the absence of free electrons and free
ions.

Compounds M.P. (K) B.P. (K)
Acetic acid (CH3COOH) 290 391
Chloroform (CHCl3) 209 334
Ethanol (CH3CH,;0H) 156 351
Methane (CH,) 90 111

Versatile Nature of Carbon: The existence of such a large number of organic compounds is due to the
following nature of carbon,

¢ Catenation
e Tetravalent nature.

(i) Catenation: The self linking property of an element mainly carbon atom through covalent bonds to form
long straight, branched and rings of different sizes are called Catenation.
This property is due to

¢ The small size of the carbon atom.
¢ The great strength of the carbon-carbon bond.

(ii) Tetravalent Nature: Carbon has valency of four. It is capable of bonding with four other atoms of carbon
or some other heteroatoms with single covalent bond as well as double or triple bond.

H H H H H O
I 1 I' ¥ . I
Hog-C=Cl H-C-C-O-H  H-C—C-H
[ ] |
H H H H H
Chloroethane Ethanol Ethanal

Hydrocarbons: Compounds of carbon and hydrogen are known as hydrocarbons.
For example; Methane (CHy), Ethane (C,Hg), Ethene (CoHy), Ethyne (CoH,) etc.
Hydrocarbons

I
y { l

Saturated Unsaturated Aromatic
Hydrocarbon Hydrocarbon Hydorcarbon
[Alkanes] I Ex. Benzene
(CuH 2ue 2 ) ‘L 1
|Alkenes]| [Alkynes|

(C”Hzn) (CHHZH-Z)



Mumber of [ Word IUPAC Structure Molecular
‘\C* atoms root name formula
1 Meth Methane CH4 CH4
2 Eth Ethane CH3—LCH3 CzHg
3 Prop Propane CH3—CH>—CH3 C3Hg

4 But Butane CH3—{CHz)>—CH3 C4H10
5 Pent Pentane CH3—{CH2z)3—CHz3 Cs5Hiz
6 Hex Hexane CH3—{CHz)4—CH3 CgH14
7 Hept Heptane CH3—{CHz2)5—CH= C7H1s
8 Oct Octane CH3—{CHz)6—LH3 CgHis
9 MNon Monane CH3—{CHz)}7>—CH3 CoHzg
10 Dec Decane CH3—{CHz)a—CH3 CipHz2
methyl group methyl group
2 3 2 5 1 2 3

2-methylpentane

methyl group

methyl group

2.3 -dimethylbutane

3-methypentane

methyl group  methyl group

(%]

2.2-dimethylbutane

L



Common

General Common Name
Class Example - Suffix/Prefix
Formula (Systematic Name) (Systematic)
Hydrocarbons
Alkanes RH CH3CH; ethane -ane
rr— R - ethylene )
Alkenes RR'C=CR"R H,C=CH, PP ene
e 5 acetylene y
Alkynes RC=CR HC=CH (ethyne) (-yne)
// A\
Arenes ArH° { ) benzene -ene
Halogen-Containing Compounds
: hyl chloride halide
CH;CH,C| ey
Alkepl ralicies R, 2 (chloroethane) (halo-)
Aryl halides Arx* @CI chlorobenzene halo-
Oxygen-Containing Compounds
. CH.CH-OH ethyl alcohol i
Alcohols ROH 3LH; tefivmel] ol
Phenols ArOH® @OH phenol -ol
Ethers ROR’ H3CH,COCH,CHy diethyl ether ether
e —p— RCHO (ﬁ acetaldehyde -aldehyde
¥ CH,CH (ethanal) (-al)
0
Ketones RR'C=0 | acetone one
CH,CCH; (2-propanone)
g acetic acid -ic acid
Carboxylic acids RCO,H | S o
CH3COH (ethanoic acid) (-oic acid)
Carboxylic Acid Derivatives
- RCO-R’ ?‘ methyl acetate -ate
z CH,COCH, (methyl ethanoate) (-oate)
0]
Amides RCONHR’ H QNHCH N-methylacetamide -amide
<] 3
Nitrogen-Containing Compounds
Amines m:?é?NHR ; CH3CH,NH, ethylamine -amine
Nitriles RC=N H;CC=N acetonitrile -nitrile
Nitro compounds ArNO,’ @ NO, nitrobenzene nitro-

‘R indicates an alkyl group “Ar indicates an aryl group.




Homologous Prefix or Functional Example
Series Suffix Group
alkanes --ane e ethane
" CH,
alkenes --ene \C -c” ethene
aiallien. CH,
chloroethane
haloalkanes | halo-- Cl -Br -l CH.CH,CI
alcohols --of -OH ethanol or
hydroxyl-- hydroxyethane
. CH:.CHLOH
ethers alkoxy-- -OR methoxymethane|
CH;OCHa,
I
aldehydes --al e ethanal
~ CH:CHO
H
ketones --one ™ propanone
FE=0 CH,COCH,
N — O S
carboxylic acid| --oic acid e v ethanoic acid
NH CH.,COOH
amines amino-- aminomethane
—-amine - NH methylamine
: CHsNH2
amides --amide , 0 ethanamide
Nl CH:CONH;
itri ~-nitrile propanentrile
nitrils _C:=N prop

CH:CHLN
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Isomers are molecules that have the same molecular
formula, but have a different structures or arrangement
of the atoms in space. This phenomenon is called Isomerism.

|

Isomers are molecules s =

that have the same ~ Geometric

molecular formula but

different structures. Isomers differ in their
spatial arrangement
about a doble bond.

—+— Metamerism

— Optical

Isomers differ in atoms
in 3D space which
create mirror images
of each other.

Permanent state of polarization.

o- O505- 50d- 05-5- O
C) CF C—+—C—¢—C4C#=0

| I
Heffect

temporary polarisation and reversible,Occurs
in the presence of reagent.

5550+ | 555+ Db+ B
C—r—C—)-

|

\ //-\. \¢ / \/\. \ f"

C=C + H — C=- C=0 + CN —» C~C

b2 / f\ / v £ N
H £l

s

n-electrons of the multiple bond are
transferred to that atom to which the
reagent gets attached

L

n-electrons of the multiple bond are
transferred to that atom to which the
attacking reagents do not get attached.

The permanent polarization of a group conjugated
with a m bond or a set of alternate m bonds.

. °
CH;ZCHCHZD > CH-CH=CH ©

L) 3 - +
CH;=CH-Cl: &> CH,-CH:(_:!:

CHAIN

STRUCTURAL ISOMERISM

POSITION
H H

FUNCTIONAL GEOMETRIC
H

STEREOISOMERISM

)
|

H H H H H H H H H H cl : CH, CHy
0 U 0 AP U R L
R ! L ) l q/ H H‘\““.l\OH HO/l.”""H
BUTANE BUT-2-ENE BUT-2-ENE (E)-1,2-DICHLOROETHENE cl c
: : ’ E = opposite side
T : : H H L: (S)-1-CHLOROETHANOL
H—C—H r T T T PR S Cl\ /Cl R: (R)-1-CHLOROETHANOL
H I H
PR Y Y U — C=—=C,
H—l—c—l—u H ¢ . T Ic H H= € e C ==——H / \
|1 ] : H H : H H
H H H 3 H H H
2-METHYL PROPANE : BUT-1-ENE : CYCLOBUTANE EREDICHERAETHENE

DIFFERENTARRANGEMENT
OF A MOLECULE'S CARBON
SKELETON

The positions of the carbon atoms
in the molecule can be rearranged
to give ‘branched’ carbon chains
coming off the main chain. The
name of the molecule changes
to reflect this, but the molecular
formula is still the same.

THE DIFFERING POSITION
OF THE SAME FUNCTIONAL
GROUP IN THE MOLECULE

The molecular formula remains the
same; the type of functional group
also remains the same, but its
position in the molecule changes.
The name of the molecule changes
to reflect the new position of the
functional group.

DIFFERING POSITIONS OF
ATOMS GIVE A DIFFERENT
FUNCTIONAL GROUP

Also referred to as functional group
isomerism, these isomers have
the same molecular formula but
the atoms are rearranged to give
a different functional group. The
name of the molecule changes to
reflect the new functional group.

DIFFERENT SUBSTITUENTS
AROUND A BOND WITH
RESTRICTED ROTATION

Commonly exhibited by alkenes,
the presence of two different
substituents on both carbon atoms
at either end of the double bond
can give rise to two different, non-
superimposable isomers due to the
restricted rotation of the bond.

NON-SUPERIMPOSABLE
MIRROR IMAGES OF THE
SAME MOLECULE

Optical isomers differ by the
of different

around one or more atoms in a

molecule. Different arrangements

of these substituents can be

impossible to superimpose - these

are optical isomers.




