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WHAT IS ORGANIC CHEMISTRY?

Chemists divide chemicals into two groups: organic and
inorganic. Organic chemicals contain large amounts

of carbon. They occur in everything from plastics

to gasoline to drugs and even make up life-forms,
including you!

When you are learning about chemistry, you are shown many
examples of how atoms and molecules (atoms joined together) react
with each other, and how their structures affect the way they behave.
Most of these examples are very simple, so you can understand them
easily. You learn about water, salt, and metals—substances that you
come across everyday. However, most of the substances around you

now are not so simple to make or easy to understand.

Complex chemicals

Living bodies—the most complex things in nature—and many of

the most useful materials made by people, such as plastics, fuels, and
drugs, are made from very complex compounds. Chemists describe the
compounds as being organic. That is because those compounds that
occur in nature have all originally been produced by living things.

4 R

SCIENCE WORDS

W Atom: The smallest piece of an element that still retains

the properties of that element.

& Biochemistry: The study of chemical reactions inside A pair of butterflies in the wild. Their bodies are

: made up of organic chemicals, such as sugars,

bodies. proteins, and fats. All life on Earth is based on
% Compound: A substance formed when atoms of two or organic compounds.

more different elements bond together.

. . ) ; A compound is a substance that is made when
W Inorganic: Describes a substance that is not organic.

the atoms of two or more elements bond
&% Molecule: Two or more atoms connected by chemical

bonds.
& Organic: Describes a compound that is made of carbon

together. Organic compounds contain many

atoms, even thousands, bonded together in a
very precise pattern. All organic compounds

Kand generally also contains hydrogen. J are based on the element carbon (C). The




ORGANIC CHEMISTRY AND BIOCHEMISTRY

knew that organic compounds contained carbon and hydrogen because
when the compounds burned, they produced water vapor (H,0) and
carbon dioxide (CO.). Bumning, or combustion, occurs when a compound
reacts with oxygen. Chemists can calculate the proportions of carbon and
hydrogen atoms in an organic compound by measuring the amount of

each of these gases produced when it burns.

In 1828, Friedrich Wohler (1800-1882) discovered that organic
compounds could be made from inorganic ones. Chemists began
to look at organic compounds in a new way. They looked at simple
compounds with just a few atoms in them. These included nut olls,

formic acid made by stinging ants, and alcohol made by rotting fruit.

The chemists saw that some compounds react in the same ways even
though they are very different in other ways. The scientists realized

that these compounds all have the same group of atoms somewhere
in their molecule. It is these so-called functional groups that give the
compounds their properties. Today's organic chemists study how these

functional groups work and even make up new ones.

DIVIDING CHEMISTRY

Chemists first studied organic compounds in the early 19th
century, when people began investigating the substances inside
the bodies of life-forms. Many believed that these compounds

were so complex that they could only be made inside a living
body, or organism. Because of this, Swedish chemist Jéns Jacob

compounds also contain atoms of other

elements, most often hydrogen (H), but oxygen Berzelius (1779-1848) called the compounds organic. All other
compounds were therefore inorganic. However, in 1828, the
German chemist Friedrich Wohler (1800-1882) showed that
organic compounds could be made in a laboratory as well. He
Connecting sections reacted two inorganic compounds together and, completely
by accident, produced urea, a substance that occurs in urine.

(0), nitrogen (N), and chlorine (Cl) are also

commonly involved.

The first chemists to investigate organic compounds o ) )
: This discovery showed that organic compounds were built the

could not figure out much about them. The )
o ) same way as other compounds, but that they were just more

methods used for studying inorganic compounds )
complicated.

did not work very well with organic ones. Chemists
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All organic compounds contain carbon atoms.
Carbon is the only element with atoms

that can form limitless chains as well

as branched and ring structures. This

ability is a result of the way carbon

forms bonds.

Organic compounds exist in a mind-boggling

array of shapes and sizes. Their molecules often form

chains, rings, and networks of the two, but there are

also coiled molecules, spheres, and even tiny tubes. All

this variety is a result of the ability of carbon atoms to form
strong bonds. To understand how carbon atoms form so many
molecules, it is worth looking at pure carbon itself.

Pure forms of carbon

Carbon occurs in nature in four main forms:soot, fullerenes,
diamond, and graphite. Both soot and fullerenes are made when
carbon-containing compounds are burned. Fullerenes are very
fragile structures and were only discovered 20 years ago. Soot, a fine
black powder also known as amorphous carbon, does not have an
ordered structure; its carbon atoms are arranged randomly.

Graphite and diamond are the two most stable and familiar forms of
pure carbon. Despite being made of nothing but carbon atoms, the
two substances are very different.

Carbon atom

How can the atoms of one element make two so very different
materials? The answer is in the way the atoms are connected inside
each substance. To understand how carbon forms bonds, we must
look inside an atom of carbon.

Oil is a hydrocarbon. When it burns in air, it creates carbon dioxide,
carbon monoxide, water, and pure carbon (soot). The black smoke in
this oil well fire is composed of soot particles, which will settle on the
ground as ash.

Outer electron

electron

Nucleus

Carbon has two electron shells. The
inner shell has two electrons and the
outer shell has four electrons. These four
electrons allow carbon to form single,

double, or triple covalent bonds.
Electron

shell

Carbon atoms have four electrons

in their outer shell. These electrons

are the ones that form bonds with

other atoms. Atoms form bonds by
sharing, taking, or giving away their outer

electrons. They do this to make their outer
electron shell full, which makes the atoms

stable.

An atom’s outer shell can hold eight electrons. To become stable,
a carbon atom must share four electrons with other atoms. A
bond formed when atoms share electrons is called a covalent
bond. Carbon atoms are unusual, however, because their outer
shell is half full (or half empty). That makes the atoms more stable
than most. As a result carbon atoms can form two or even three
strong bonds with just one other atom. Carbon’s ability to form so-
called double and triple bonds is behind the differences between
graphite, diamond, and other forms of pure carbon.




CARBON AND COVALENT BONDS

A carbon atom can form up to four covalent bonds. These bonds involve two atoms sharing electrons. In a simple covalent bond,

each atom provides one electron, forming a pair. The pair of electrons sits in the outer shell of both atoms. As a result the atoms
are pulled side by side. The shared pair of electrons is being pulled on by the positive charge of the nucleus of both atoms. These

pulling forces hold, or bond, the atoms together. This arrangement is called a singie bond.

A carbon atom can form two or three bonds with one other atom. These are known as double and triple bonds. Most of the

time, double and triple bonds form between two carbon atoms.

In a double bond, each atom shares two of its electrons. A triple bond involves three pairs. Compounds with double and triple

bonds are more reactive than those with single bonds. The bonds often break so they can form more stable single bonds.

Single bond

Double bond

Two shared
electrons
(one pair)

Outer shell

In a single bond, each atom gives one electron,
forming a pair shared between both of the
atoms. The atoms’ other electrons are free to
form bonds with other atoms.

Unbonded
electron

Four shared
electrons

(two pairs)

In a double bond, each atom gives two
electrons, forming two pairs of shared electrons.
The bond pulls the two atoms closer together
than in a single bond.

Triple bond

In a triple bond, each atom gives three
electrons, forming three pairs shared between
them. The bond pulls the two atoms even
closer together.

Different bonds

Inside a diamond, carbon atoms are connected by only single bonds. Each carbon atom is

of diamond is one huge molecule.

bonded to the four atoms surrounding it. With all the atoms bonded to one another, a piece

Diamond'’s extreme hardness is a result of its atoms being bonded into a rigid interconnecting
structure. Graphite is so soft and different from diamond in many other ways because some of
the atoms inside are joined by a weaker type of bond.

Inside graphite, each carbon is joined to just three atoms by single bonds. The atom is also
connected to a fourth atom, but this time the bond is a weak bond that forms in the same
way as a double bond. However, the bond in graphite is not quite the same because only one
pair of electrons is shared.

@
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This fourth bond is very weak, and as a result the carbon atoms

inside graphite are not as strongly connected to each other.
When a force pushes on graphite, it breaks the atoms’ weak
bonds easily, and the graphite breaks or changes shape. A lump
of graphite feels slippery. That is because even the touch of your
fingers is enough to rub away a layer of graphite. Graphite is used
as a lubricant instead of oil or grease.

Carrying electricity

The structure of graphite also explains how it carries electricity,
though diamond cannot. An electric current is a flow of
electrons—sometimes other charged particles—through a
substance. The moving particles transfer energy from one
place to another, and electric currents are used to power many
machines in our homes, schools, and places of work.

Substances that can carry electricity are conductors; they have
electrons that are free to move around inside. Insulators—materials
that do not carry electricity—do not have free electrons. Graphite

6 SCIENCE WORDS R

& Allotrope: One form of a pure element.
% Conductor: A substance that carries electricity and heat

well.
¥ Covalent bond: A bond in which two or more atoms

share electrons.
¥ Crystal: A solid made of repeating patterns

of atoms.
W% Electron shell: A layer of electrons that surrounds the

nucleus of an atom.
¥ Inorganic: Describes a substance that is not organic.

¥ Insulator: A substance that does not transfer an electric

current or heat.
% Nucleus: The central core of an atom containing protons

NANOTUBES

Fullerenes do not have to be balls. In 1991, Japanese scientist
ljima Sumio (1939-) made fullerenes that were tube shaped.
The tubes were made from a sheet of carbon atoms bonded
in the same hexagon pattern as graphite molecules. The
structures were named nanotubes. Nanotubes are very

thin. One long enough to stretch from Earth to the Moon
could be rolled into a ball the size of a poppy seed! So

far, scientists can only make short pieces. If we learn how

to make them long enough, there will be many uses for
nanotubes. For example, the tubes could be woven to make

a material many times stronger than steel, but much lighter.

k and neutrons. j

is a conductor because the electrons involved in the weak bonds
break free easily. They then flow through the graphite crystal
between the sheets of carbon atoms. All the electrons in diamond
are held in strong bonds and cannot be released to form a current.
As a result, diamond is an insulator.

Fullerenes

Fullerenes, the third structural form of carbon, are also
conductors. However, the way their electrons are free to move
is different again from other carbon allotropes. Looking at

the structure of fullerenes will also help us understand the
properties of organic compounds.

Fullerenes are made when carbon compounds are burned.
These molecules are fragile, and in normal conditions they fall
apart and form sootlike substances.

The smallest and simplest fullerene contains 60 carbon atoms.
Its formula is Cq,. This fullerene was the first to be discovered
in 1985. It was named buckminsterfullerene for the designer
of geodesic domes, which it closely resembles. All similar fraile
carbon structures are now referred to as fullerenes, and Cy,
molecule has been nicknamed “the buckyball.”




