11.2 Alkanes

A large number of

carbon compounds are Alkane Name Hexane
ibl h Molecular Formula  CH
possible because the Ball-and-Stick Model

covalent bond between
carbon atoms, such as
those in hexane, C¢H,,,
are very strong.

Learning Goal Write the [IUPAC names and draw the
condensed structural formulas and skeletal formulas for
alkanes and cycloalkanes.
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Naming Alkanes

Alkanes
« are hydrocarbons that contain only C—C and C—H bonds
« are formed by a continuous chain of carbon atoms

« are named using the TUPAC (International Union of Pure and
Applied Chemistry) system

* have names that end in ane

* use Greek prefixes to name carbon chains with five or more
carbon atoms
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IUPAC Naming of First Ten Alkanes

TABLE 11.2 IUPAC Names of the First 10 Alkanes

Number of Molecular

Carbon Atoms __Prefix Name Formula _ Condensed Structural Formula

1 Meth Methane CHy CHy

2 Eth Ethane. CiHg CHy—CHy

3 Prop Propane. CiHy CHy—CH,—CH.

4 But Butane CiHyg CH;— CH,—CH,—CHj

B Pent Pentane. Ciflyy CHy— CH,—CH,—CH,—CH,

6 Hex Hexane Coyy CHy— CH, —CH,— CH, —CH,—CH;

7 Hept Heptane CiHig CHy— CH, —CHy— CH, —CHy— CH, —CHy

8 Oct Octane: CiHyg CHy— CHy — CHy— CHy — CHy— CH, — CHy —CHy

9 Non Nonane. Cobay CHy—CH,—Cl CH,—CH,—CH;
10 Dec Decane Cighay CHy—CHy—C CHy—CH,—CH,—CH,
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Condensed Structural Formulas
[

In a condensed structural formula,

« each carbon atom and its attached hydrogen atoms are written
as a group

* a subscript indicates the number of hydrogen atoms bonded to
each carbon atom

The condensed structural formula of butane has four carbon atoms.

CH;—CH,—CH,—CH; butane

Core Chemistry Skill Naming and Drawing Alkanes
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Condensed Structural Formulas
[

Alkanes are written with structural formulas that are
+ expanded to show each bond

+ condensed to show each carbon atom and its attached
hydrogen atoms

Expanded Condensed Expanded Condensed
| |

H—C—— = CH; —C‘ — = CH,
! !
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Writing Skeletal Formulas
N

Alkane compounds can also be represented by their

* molecular formulas, which give the total number of
carbon and hydrogen atoms

« skeletal formulas, which show the carbon skeleton in
which carbon atoms are represented at the end of each line
or at each corner

CH, CH,

N

CH, CH,

3
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Conformations of Alkanes

Carbon atoms in a chain connected by single C—C bonds

= can rotate, so groups attached to each carbon move freely
about the C—C bond

« can have different arrangements known as conformations

(}‘H\ \(“Hy
1 T
o= :
H
?/
¥
H™ OH

i ; s
CH;
As the —CH; groups rotate about the single C—C bond, they
appear at different angles.
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Alkane Representations

A hexane molecule can be e s o
represented in several ways: Balhand:Sick Model

« as a molecular formula ! @ “
« as a ball-and-stick model

* as an expanded structural formula ¢ Yo
« as a condensed structural formula Expanded Suuctural Formua
* as a skeletal formula

1
c—C
| |

H H H H H I‘I
Condensed Structural Formulas
CH, CH, CHy

e

/N
CHy CHy

CH;— CHy — CH, — CHy — CH, — CHy

Skeletal Formula
AN
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Structural Formulas for Butane, C,H,,

TABLE 11.3 Some Structural Formulas for Butane, C4Hso
Expanded Structural Formula Ball-and-Stick Model
Ty ¢ %
i S &
H H H H [*] 1Y
Condensed Structural Formulas
CH;— CH,— CH,—CH; CHZ—C‘H2 (“,H; ({m
CH; CHj3 CHzf(‘?HQ (‘:Hz
CH‘fc‘HE ‘|3“\ CH, CH,
CH,—CH —CH,—
23 3 CH,— CH, —CHj CHy CH, CHs
N N
CH,  CH,

Skeletal Formulas

NN
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Study Check
I

Given the following expanded structural formula, provide the

H H H H H
B S S S N
RN
A. molecular formula
B. condensed structural formula
C. compound name
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Solution

I
Given the following expanded structural formula, provide the

H H H H H
A
H—C—C—C—C—C—H
T
H H H H H
A. molecular formula CsH,,

B. condensed structural formula
CH;—CH,—CH,—CH,—CHj

C. compound name pentane
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Study Check

I e —
Write the condensed structural formula for
A. ethane

B. heptane
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Solution

I e —
Write the condensed structural formula for
A. ethane ~ CH;—CH,

B. heptane CH;—CH,—CH,—CH,—CH,—CH,—CH;
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Cycloalkanes

I
Cycloalkanes

are cyclic alkanes

have two fewer hydrogen atoms than the open chain form

are named by using the prefix cyclo before the name of the
alkane chain with the same number of carbon atoms

propane, C;Hg cyclopropane, C;H,
H2 H2

C
s
Hsc \CHq

HQC_CHQ
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Formulas of Cycloalkanes
]

TABLE 11.4 Formulas of Some Common Cycloalkanes
Name
Cyclopropane Cyclobuane Cyclopentane Cyclohexane

: J
o

Condensed Structural Formula

ci
c AL

cn HC—CH J X 3

iy 0=y Hzc/{(‘ﬂz e

H,C—CH, H,C—CHy HZ}:7CH1 HC. _CH,
i,

Skeletal Formula

A L O O
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Study Check
|
Give the IUPAC name for each of the following compounds:
N /\/\/\/
B.
Chomisio Anoducion o Gener, Orgnic, and il Charisy, TwlthEdon 2015 Pearson Educaton, .
Solution
|
Give the IUPAC name for each of the following compounds:
N /\/\/\/
An alkane with eight continuous carbon atoms is octane.
B. A cyclic molecule with five carbons is
cyclopentane.
Ghemisty: Annoducin o General,Organic, and BicogialChetisty, Tweth Edifon 201 Pearson Educaton, .
Study Check
|

Name the following alkanes:

A. CH,—CH,—CH,—CH,
= /\

C. CH,—CH,—CH,—CH,—CH,—CH,—CH,—CH,

D.
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Solution

-
Name the following alkanes:

A. CH;—CH,—CH,—CH;, butane

B. A cyclopropane

C. CH;—CH,—CH,—CH,—CH,—CH,—CH,—CH,
octane

D. cyclohexane
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