12,1 TFhe Naiure off Organic

molecules

Organic chemistry: The chemistry of carbon
compounds.

Carbon Is tetravalent; it always form four

bonds.
H

H—C—H

H
Methane, CH,
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Organic molecules have covalent bonds.

Organic molecules contain polar covalent
bonds when carbon bonds to an
electronegative element on the right side of

the periodic table. S —
Cl
0+
H—C—H
H

Chloromethane, CH;Cl
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12. 2 families oft Organic IVl elecules:

Eunctional groups

More than 18 millions organic compounds, that are
known today, are classified into just a few generdl
families on the basis of chemistry that follows a
simple pattern.

Functional group: A group of atoms within a large
molecule that has a characteristic structure and
chemical behavior. Functional groups allow us to
group vast number of organic molecules in to few
classes, Table 12.1.
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Family Functional Group Name
Mame Structure® Simple Example Ending
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Chapter One



In Table 12.1, the first four families are
hydrocarbons — organic compounds that contain only
carbon and hydrogen.

- Alkanes have only single bonds.

- Alkenes contain a carbon-carbon double bond
functional group.

- Alkynes contain a carbon-carbon triple bond
functional group.

- Aromatic compounds contain a siX-membered
ring of carbon atoms with three aternating
double bonds.
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In Table 12.1, the next four families have functional
groups that contain only single bonds and have a
carbon atom bonded to an electronegative atom.

- Alkyl halides have a carbon-hal ogen bond,;
- Alcohol have a carbon-oxygen bond,;

- Ethers have two carbons bonded to the same
oxygen atom; and

- Amines have acarbon-nitrogen bond.

The remaining families have functional groups that
contain a carbon-oxygen double bond; aldehydes,
ketones, carboxylic acids, anhydrides, esters, and
amides.
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12,31 Fhe Structure of Organic

Miolecules; Alkanesand T healr | somers

Alkanes: A hydrocarbon that has only single bonds.

Straight chain alkanes: An akane that has all its
carbons connected in arow.

Branched chain akanes:. A akane that has a
pranching connection of carbons.

somers. Compounds with same molecular formula
out different structures.

Constitutional 1somers:. Compounds with same

molecular formula but different connections among
their atoms.
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There Is only one possible way that the carbons
in methane (CH,), ethane (C,H,), and propane
(C5Hy) can be arranged.

H

| | ¢
1 —(lj— + 4 H— gives H_(I:_H é
H | A

Methane

H H <

| -
2 —(lf— + 6 H— gives H (li (li H
H H »

Ethane

Prentice Hall © 2003 Chapter One 11



a e

H P

| . ¥
- o g9

LR

Pmpane -

|
3 —C— + 8 H— gives H

L—0)—T
s
-

However, carbons in butane (C,H,,) can be
arranged In two ways, four carbons in a row
(linear alkane) or a branching (branched
akane). These two structures are two
constitutional 1somers for butane. Number of
possible structures increases with the number
of carbons in the molecule.
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|
4 —C— + 10 H— gives+4
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H H H
I
e —H
]
H H H
Straight chain
H

Branch point

Branched chain
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Different constitutional isomers are completely
different compounds. They have different
structures, different physical properties such as
melting point and boiling point, and may have

different physiological properties

TABLE12.3 Some Properties of Ethyl Alcohol and Dimethyl Ether

Name and
Molecular Boiling Melting, Physiological
Formula Structure Point Point Activity
I III . >
Ethyl alcohol g 78.5°C —117.3°C  Central-nervous-
8 H——C——H \
G HO (- - 0 system depmessant
H H ?
'
H H
i
Dimethyl ether I—I—{!'—U—LI‘—H = —-23°C = 138.5°C  Nontoxic; anesthetic at

2 @
CE! ||,"[_-1! I | ‘? ?
H H 2 Y

']

high concentration

Prentice Hall © 2003 Chapter One

14



124 Drrawing Organic Structures

Condensed structure: A shorthand way of
drawing structures in which carbon-carbon and
carbon-hydrogen bonds are understood rather
than shown.
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12,5 TFhe Shapes off Organiic Vielecules

Molecules joined by a carbon-carbon single bonds
are free to spin around the bond, giving rise to an
infinite number of possible three dimensional

geometries, or conformations.

(a) (b) (c)

Fig 12.2 The structure of butane can be shown in
several different ways.
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At any moment, however, most
molecules are In the least crowded
conformation.

As long as any two structures show
Identical connections between atoms,
they represent identical compound no
matter how the structures are drawn.
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Primary carbon atom: A carbon atom
with one other carbon attached to it.

Secondary carbon atom: A carbon atom
with two other carbons attached to It.

Tertiary carbon atom: A carbon atom
with three other carbons attached to it.

Quaternary carbon atom: A carbon atom
with four other carbons attached to it.
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12.8 Reactions ol Alkanes

Alkanes don’t react with acids, bases, or most other
common laboratory reagents. Their only major
reactions are with oxygen and with halogens.

Combustion: Reaction of alkanes with oxygen. Carbon
dioxide and water are produced in this combustion
reaction.

Halogenation reaction: Replacement of a hydrogen of
akanes by a chlorine or bromine. Initiation of
hal ogenation reaction requires heat or light. Complete
chlorination of methane produces carbon tetrachloride.
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12,10 Drawingland Naming

Cycloalkanes

Cycloalkanes are represented by polygons. A tyriangle
represents cyclopropane, a sSguare represents
cyclobutane, a pentagon represents cyclopentane, and

SO ON. A Q

Cyclopropane Cyclobutane Cyclopentane

O O

Cyclohexane Cycloheptane
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Line structure: A shorthand way of
drawing structures in which atoms aren’t
shown; Instead a carbon atom IS
understood to be at each intersection of
lines and hydrogens are filled mentally.

Cycloalkanes ae named by a
straightforward extension of the rules for
open-chain alkanes. In most cases, only
two steps are needed:
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