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Number
of
carbons Formula

() Name (CoHz2n+2)
1 Methane CH,
2  Ethane CoHg
3  Propane CgHg
4 Butane CsHio
5 Pentane CsHo
6 Hexane CeHy4
7 Heptane C7Hie
8  Octane CgH s
9 Nonane CoHyo

10 Decane CioHss

11 Undecane C;;Hyy

12 Dodecane C;3Hyg

13 Tridecane C,3Hog

20  Icosane CooHyo

21 Henicosane C,;Hyy

30 Triacontane Cs,Hgo
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Alkane Name Alkyl group Name (abbreviation)
CH, Methane —CH;, Jse  Methyl (Me)
CH3CH3, Ethane —CH,CH3, ~)  Ethyl (Et)
CH3CH,CH4 Propane —CH,CH,CHa J=92  Propyl (Pr)
CH3CH,CH,CH, Butane —CH,CH,CH,CH,4 J5  Butyl (Bu)
CH4;CH,CH,CH,CH4 Pentane —CH,CH,CH,CH,CH4 J-g-"ﬂ-’ Pentyl, or amyl

— (=)
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Problem 3.7
Draw the eight 5-carbon alkyl groups (pentyl isomers).
Problem 3.8

|ldentify the carbon atoms in the following molecules as
primary, secondary, tertiary, or quaternary:

(a) CHa (b) EHgﬂl:HCHg () CHg CHj
CH3CHCH2CH2CHA CH3CH,CHCH;CHg CHEI:HI:Hglfl:CHg
CHs
Problem 3.9

|dentify the hydrogen atoms on the compounds shown in
Problem 3.8 as primary, secondary, or tertiary.



Problem 3.10
Draw structures of alkanes that meet the following descriptions:

(a) An alkane with two tertiary carbons

(b) An alkane that contains an isopropyl group
(c) An alkane that has one quaternary and one secondary

carbon
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The chemical name typically has four parts in the [IUPAC
system of nomenclature: prefix, parent, locant, and suffix.

The prefix identifies the various substituent groups in the
molecule, the parent selects a main part of the molecule and

tells how many carbon atoms are in that part, the locants

give the positions of the functional groups and substituents,
and the suffix identifies the primary functional group

Locant— Prefix—Parent — Suffix

Where are the substituents What are the How many What is the primary
and functional groups? substituents? carbons? functional group?

21
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4,5- di-isopropylnonane
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Naming Alkanes Worked Example 3.2
What is the IUPAC name of the following alkane?

?HEEHH ?Hg
CH3CHCH»CH>CH2CHCH]4

Strategy

Find the longest continuous carbon chain in the molecule, and use that
as the parent name. This molecule has a chain of eight carbons—

octane—with two methyl substituents.
Numbering from the end nearer the first methyl substituent indicates

that the methyls are at C2 and C6

- ;7 8
Solution '?HEEHH .?_?
CH3CHCHZCH3CH2CHCHS

o o

2, 6-Dimethyloctane
29



Converting a Chemical Name into a Structure Worked
Example 3.3

Draw the structure of 3-isopropyl-2-methylhexane.
Strategy

This is the reverse of Worked Example 3.2 and uses a reverse strategy.
Look at the parent name (hexane), and draw its carbon structure.

C—C—C—C—-C-C Hexane
Next, find the substituents (3-isopropyl and 2-methyl), and place them on
the proper carbons.
EH3[|:H[:|-|3 % An isopropyl group at C3
C—C—C—C—C—C

1 2] 3 4 5 B
CHo « A methyl group at C2

Finally, add hydrogens to complete the structure.
CH3;CHCH4

CH4CHCHCH,CH,CHg

|
CH,

Solution

3-Isopropyl-2-methylhexane 30



Problem 3.11
Give IUPAC names for the following compounds:

{a) The three isomers of CgHqs () CHs
EHEEHgtlj'HEHEHg
CHy
(c) '[|3H3 (d) ':|3H3

(CH3}2CHCH;CHCH3 (CH3)3CCH,CH gl:l-'H
CHs

31



Problem 3.12

Draw structures corresponding to the following IUPAC names:
(a) 3,4-Dimethylnonane

(b) 3-Ethyl-4,4- dimethylheptane

(c) 2,2-Dimethyl-4-propyloctane

(d) 2,2,4-Trimethylpentane

Problem 3.13
Name the eight 5-carbon alkyl groups you drew in Problem
3.7.

Problem 3.14
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e Chemically inert ,called paraffins.

e Alkanes do, however, react with oxygen, halogens, and a few
other substances under appropriate conditions

e Used as a fuel ( engine, furnace): reaction with oxygen during
combustion produces CO,, water and heat
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CHy =+ 205 — CO, + 2H,0 + 890 kJd/mol (213 kcal/maol)
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*The reaction of an alkane with Cl, occurs when a mixture of the two Is
irradiated with ultraviolet light (denoted Av where v is the Greek letter

nu). Depending on the relative amounts of the two reactants and on the
time allowed, a sequential substitution of the alkane hydrogen atoms by
chlorine occurs, leading to a mixture of chlorinated products. Methane,
for instance, reacts with Cl, to yield a mixture of CH;Cl, CH,CI,, CHCI,,
and CCl,.
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CH, +Cl, —~~ CH,CI + HCI

[, 6wl + HCl
Cl,
[, GHeL + HE
L% ce, + HC

@ Thomson - Brooks Cole
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Alkanes show regular increases in both boiling point and melting point as
molecular weight increases (Figure 3.4), an effect due to the presence of weak dispersion forces
between molecules (Section 2.12). Only when sufficient energy is applied to overcome these
forces does the solid melt or liquid boil. As you might expect, dispersion forces increase as
molecule size increases, accounting for the higher melting and boiling points of larger alkanes.
Another effect seen in alkanes is that increased branching lowers an alkane’s
boiling point. Thus, pentane has no branches and boils at 36.1 °C, isopentane
(2-methylbutane) has one branch and boils at 27.85 °C, and neopentane
(2,2-dimethylpropane) has two branches and boils at 9.5 °C
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. Melting point
. Boiling point

200

Temperature (YC)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Number of carbons
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300 -

. Melting point
. Boiling point

200 —

100

Temperature (YC)
|

1 2 3 4 5 6 7 8 9 10 11 12
Number of carbons

13

14
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Figure 3.5 Rotation occurs around the carbon—carbon single bond in
ethane because of s bond cylindrical symmetry
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A Eclipsed conformations

12 kJ/mol

Energy

b

H H H H H H 4
H H H H
Héu H Ho H 4 H
H H H oy W H H n H H H H
H 4 H

0° 60" 120° 180° 240° 300° 360°

Figure 3.7 A graph of potential energy versus bond rotation in ethane.

The staggered conformations are 12 kJ/mol lower in energy than the
eclipsed conformations.
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——

CH3
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Staiiered Eropane Eclipsed propane
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6.0 kJ/moI
CH3 H CH3
HKH Rotate 60°
H H
6.0 kJ/mol CH3 H/ 4.0 kJ/mol
CH3

Butane—anti Butane—eclipsed
& conformation i
. conformation
A2 (0 kJ/mol)

(16 kJ/mol)

. (s Steric strain 11 kJ/mol
&2 el 38kJ/moI e
HaG CH3
(H
\ H » H/
4.0 kJ/mol \ /4.0 kJ/mol
Butane—gauche Butane—eclipsed
i conformation conformation
)b 3.8 kd/mol) (19 kJ/mol)
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Hexane
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Drawing Newman Projections Worked Example 3.4
Sight along the C1 - C2 bond of 1-chloropropane, and
draw Newman projections of the most stable and least

stable conformations.
Strateqgy

The most stable conformation of a substituted alkane is
generally a staggered one in which large groups have

an anti relationship. The least stable conformation is
generally an eclipsed one in which large groups are as

close as possible.
Solution

=

Cl |_ﬁlﬁ'q_-|

3

|
HH'\-\.__."" x';.fH I_I,.- -""-.

H™ T °H HE g H

Most stable (staggered) Least stable (eclipsed)



Problem 3.15
Make a graph of potential energy versus angle of bond
rotation for propane, and assign values to the energy

maxima

Problem 3.16
Sight along the C2 -C1 bond, 2-methylpropane

(isobutane) and (a) draw a Newman projection of the most

stable conformation.

(b) draw a Newman projection of the least stable
conformation.

(c) make a graph of energy versus angle of rotation
around the C2 -C1 bond.

(d) Since an H «—— H eclipsing interaction costs 4.0
kd/mol and an H «—— CH3 eclipsing interaction costs 6.0

kJ/mol, assign relative values to the maxima and minima
In your graph.
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Additional Problems

Functional Groups
3.22 Locate and identify the functional groups in the following

molecules

CH>OH
{Hlﬁ 2 {hlgﬂ lc) Fll
N._ -0
C

(d) :I:I) (e) ()
CH3CHCOH

F
NH; S Cl

48



Additional Problems

3.25 Predict the hybridization of the carbon atom in each
of the following functional groups:

(a) Ketone (b) Nitrile (c) Carboxylic acid



Additional Problems

3.29 In each of the following sets, which structures
represent the same compound and which represent

different compounds?

(a) I|3r ?HE ‘|3H3
CH;GH?HCHg CHEEH{EHEHE EHE?HGHGHE
CHs Br Br
4] : :EIH HCI: : HO. : .OH
OH HO
(c) CHa CH>CHg CHy CHjy

| | | |
EH;EHE?HEHEEHEHQ HGGHE?HGHEGHCHE CH3CH3CHCHCHCH,0H

CHyOH CHa

50



Additional Problems

3.24 Propose structures for the following:

(a) A ketone, C4HgO

(c) A dialdehyde, C4HzO-
(e) An alkane, CsH14

(g) A diene (dialkene), CsHg

(b) A nitrile, C5HoN
(d) A bromoalkene, CgHy(Br

(f) A cyclic saturated hydrocarbon, CsHi2
(h} A keto alkene, C5sHgO

51



