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Groups with a Carbon—-Oxygen Double Bond
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Alkanes <LSTY!

e Alkanes are hydrocarbons containing only
single bonds

¢ 23 (hydrocarbons Jasis 5 yus aad 4 SUIKTY) o

—C-C- MJ\A\ ALJ\J uJ.c

General formula: CnH2n+2 e Al sl e



Table 2.1 Nomenclature and Physical Properties of Straight-Chain Alkanes
Number of Molecular Condensed Boiling Melting Density“
carbons formula Name structure point (°C) point (°C) (g/mL)
1 CHy4 methane CHy4 —167.7 —182.5
2 C,Hg ethane CH;CHj3 —88.6 —183.3
3 CsHg propane CH;CH,CH; —42.1 —=187.7
4 C4Ho butane CH;CH,CH,CH; ) —158.3
5 CsHj» pentane CH;(CH,)3CHj3 36.1 =129.8 0.5572
6 CgHi4 hexane CH3(CH,)4CHj3 68.7 —95.3 0.6603
7 C7H6 heptane CH3(CH,)sCHj3 98.4 —90.6 0.6837
8 CgH g octane CH3(CH,)sCHj; 1257 —56.8 0.7026
9 CoH»g nonane CH;(CH,);CHj3 150.8 =535 07177
10 CioH2z decane CH3(CH,)gCH3 174.0 =297 0.7299
1] C1Hyy undecane CH3(CH,)9CH3 195.8 ~25.6 0.7402
12 Ci2Hy6 dodecane CH3(CH,)oCH3 216.3 —9.6 0.7487
13 C3Hog tridecane CH;3(CH,){{CH; 235.4 =355 0.7546
20 CroHyo eicosane CH3(CH,)gCH3 343.0 36.8 0.7886
21 Cy1Hyy heneicosane CH3(CH,)9CH3 3565 40.5 0.7917
30 C3oHegn triacontane CH3(CH;),8CHj3 449.7 65.8 0.8097

Density is temperature dependent. The densities given are those determined at 20°C (@*").
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Naming Alkanes

 Compounds are given systematic names by
a process that uses

Prefix—Locant—Parent—Suffix
/ / \ %

Where and what are Where is the primary How many What is the primary
the substituents? functional group? carbons? functional group?
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Nomenclature of Alkanes
LYY w

1. Determine the number of carbons in the longest
chain

8 7 6 5 4 3 2 1 g 7 8§ 5 JA
CH3CH2CH2CH2C|HCH2CH2CH3 CH3CH2CH2CH2CIIHCH2CH3
CH CH,CH,CH
\ - 3 \ / S22t
BRI e three different alkanes with an 4-ethyloctane

eight-carbon parent hydrocarbon

4 3 2 |
CH3CH2CH2(|3HCH2CH2CH3

CH,CH,CH,CH;
3 6 1 8

4-propyloctane
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2. Number the chain so that the substituent gets the lowest
number

1 Z 3 - 5 6 D -4 2 & 1

CH3(|3HCH2CH2CH3 CH3CH2CH2(|ZHCH2CH3
CH; CH,CHj;
2-methylpentane 3-ethylhexane

1 i 3 4 5 6 7 3
CH;CH,CH,CHCH,CH,CH,CH;

CHCH;

CH;
4-isopropyloctane

Copyright © 2007 Pearson Prentice Hall, Inc.
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3. Number the substituents to yield the lowest possible
number in the number of the compound

CH,;CH,CHCH,CHCH,CH,CHj, . .
| | substituents are listed

CH; CH,CH; , .
5-ethyl-3-methyloctane in alphabetical order

not
4-ethyl-6-methyloctane
because 3 <4

CH,CH;
CH;CH,CHCH,CHCH; CH3CH2(|ZCH2CH2CHCH3
b, b b,
2,4-dimethylhexane 5-ethyl-2,5-dimethylheptane
CH,CH; CH; CH;
CH3CH2C|CH2CH2CHéHCH2CH2CH3 CH3CH2CH2CHCH2CH2C|HCH3
(|3H2CH3 (|ZH2CH3 CH3(|3HCH3

3,3,6-triethyl-7-methyldecane 5-isopropyl-2-methyloctane

11
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4. Assign the lowest possible numbers to all of the
substituents

CH; (|IEI3 C|]512CH3
CH3CCH2(|?HCH3 CH3CH2C|HC]EﬁCHZCHCEﬁzCH3
CH; CHj4 CHj;
2,2,4-trimethylpentane 6-ethyl-3,4-dimethyloctane
not not
2,4,4-trimethylpentane 3-ethyl-5,6-dimethyloctane
because 2< 4 because 4 <5

Copyright © 2007 Pearson Prentice Hall, Inc.
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5. If the same substituent numbers are obtained in
both directions, the first group cited receives the
lower number

?1 (|ZH2CH3
CH3CH(|ZHCH3 CH3CH2CHCH2(|ZHCH2CH3
Br CH3
2-bromo-3-chlorobutane 3-ethyl-5-methylheptane
not not

3-bromo-2-chlorobutane 5-ethyl-3-methylheptane
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6. If a compound has two or more chains of the same
length, the parent hydrocarbon is the chain with the
greatest number of substituents

3 4 5 6 ] 2 3 4 5 ®
CH3CH2(|3HCH2CH2CH3 CH3CH2(|3HCH2CH2CH3
2(|ZHCH3 (|3HCH3
1CH; CH;
3-ethyl-2-methylhexane (two substituents) not

3-isopropylhexane (one substituent)
Copyright © 2007 Pearson Prentice Hall, Inc.
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Nomenclature of Alkyl Substituents

Removing a hydrogen from an alkane results in an alkyl
substituent

CH3_ CH3CH2_ CH3CH2CH2_ CH3CH2CH2CH2_
a methyl group an ethyl group a propyl group a butyl group
CH;CH,CH,CH,CH,— R—
a pentyl group any alkyl group

Copyright © 2007 Pearson Prentice Hall, Inc.

Numbers are used only for systematic names but not
common names

CHs

|
CH;CHCH,CH,CHs;

coOommon name: isohexane
systematic name: 2-methylpentane
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Table 3.2 | Number of Alkane
Isomers
Formula Number of isomers
CeH1a 5
CoH16 9
CgH1g 18
CoHoo 35
Ci0H22 7S
C1sH3o 4,347
CooHsz 366,319
C3pHso 4,111,846,763
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Different carbon
skeletons
C4Hqo

Different functional
groups
CoHgO

Different position of
functional groups
C3HgN
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CH3CHCH3

2-Methylpropane
(isobutane)

CH3CH,OH
Ethanol
NH,

|
CH3CHCH3

Isopropylamine

and

and

and

CH3CH,CH,CH3

Butane

CH30CH3

Dimethyl ether

CH3CH,CH,NH,

Propylamine



Table 3.2 | Number of Alkane

Constitutional Isomers

Isomers that differ in how their atoms are arranged in
chains are called constitutional isomers

Compounds other than alkanes can be constitutional
isomers of one another

They must have the same molecular formula to be isomers

Isomers
Formula Number of isomers
CeH14 5
CsH16 9
CgHog 35
Cq5H3o 4,347
CooHa2 366,319

CsoHe2

Thomson Higher Education

4,111,846,763

Different carbon
skeletons
C4H1o

Different functional
groups
CoHgO

Different position of
functional groups
C3HgN
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CH3CH,OH
Ethanol
NH,

|
CH3CHCH3

Isopropylamine

and

and
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CH3CH,CH,CH3

Butane

CH30CH3

Dimethyl ether
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Constitutional isomers have the same molecular formula,

but their atoms are linked differently

CH;CH,CH,CH;  CH;CHCH;

butane |
y CH;

isobutane

CH;CH,CH,CH,CH; CH;CHCH,CH;

entane |
3 CH;

Isopentane

Copyright © 2007 Pearson Prentice Hall, Inc.
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CH3(|:H_
CH,4

an “iso”
structural unit

CH;

|
CH;CCH;

|
CH;

2,2-dimethylpropane
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Alkyl Groups

* Alkyl group — remove one H from an alkane
(a part of a structure)

* General abbreviation “R” (for Radical, an incomplete
species or the “rest” of the molecule)

* Name: replace -ane ending of alkane with -y/ ending
— CH; is “methyl” (from methane)

— CH,CH, is “ethyl” from ethane

i i i i
H—CII—H H—C—<3 H—CIZ—O—H H—CI:—ITJ—H
I
H H H H H

Methane A methyl group Methyl alcohol Methylamine
(methanol)

® 2007 Thomson Higher Education



Table 34 | Some Straight-Chain Alkyl Groups

Alkane Name Alkyl group Name (abbreviation)
CH, Methane —CH,q Methyl (Me)
CH4CH, Ethane —CH,CHj, Ethyl (Et)
CH3CH,CH, Propane ~CH,CH,CH4 Propyl (Pr)
CH4CH,CH,CH,4 Butane ~CH,CH,CH,CH,4 Butyl (Bu)
CH4CH,CH,CH,CH, Pentane ~CH,CH,CH,CH,CH,q Pentyl, or amyl

© 2007 Thomson Higher Education
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Types of Alkyl groups

* Classified by the connection site

—acarbon att
—acarbonint
— a carbon wit

ne end of a chain (primary alkyl group)
ne middle of a chain (secondary alkyl group)

n three carbons attached to it (tertiary alkyl

group)
R H R R R R R R
/ \ /\ / \ N
H H H H R H R R
Primary carbon (1°) Secondary carbon (2°) Tertiary carbon (3°) Quaternary carbon (4°)
is bonded to one is bonded to two is bonded to three is bonded to four
other carbon. other carbons. other carbons. other carbons.

© 2007 Thomson Higher Education
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Primary hydrogens (CH3)

/i

CH3CH,CHCHjq

Secondary hydrogens (CH))

A tertiary hydrogen (CH)
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Chemical Properties :4xibas!) cilial

e Called paraffins (low affinity compounds) because
they do not react as most chemicals

 They will burn in a flame, producing carbon dioxide,
water, and heat

* They react with Cl, in the presence of light to
replace H’s with Cl’s (not controlled)

CHy + Cl; ™5 CHsCl + HCl

Cl
lee | CH.Cl, + HCI
| ci,
CHCl; + HCI
| 1,
CCl, + HCI



Physical Properties :4xb .l cliall

Boiling points and melting points increase as size of alkane
increases

Dispersion forces increase as molecule size increases, resulting
in higher melting and boiling points

O Job 3L aa Jlgeai) da pa Gldad) da 3 (e JS a3 o
eVl il dapa G 03 Laa Ay jad) paa Baby) g el g8 a0 .

300 —
- Melting point

Boiling point
200 L]

100 L

Temperature (°C)
\

—100 —

—200 —

8 9
Number of carbons

10
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Cycloalkanes — 4dlall Ll dpand

* Cycloalkanes are saturated cyclic hydrocarbons
* Have the general formula (C_H,,)
dxalie 4y gine QLS e & Cycloalkanes °

(C.H,, ) : il ipall o

/\

Cyclopropane Cyclobutane Cyclopentane Cyclohexane
® 2007 Thomson Higher Education
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Nomenclature of Cycloalkanes

1. No number is needed for a single substituent on a ring

CH,CH; CH,CH,CH,CH,CH,
e (T

methylcyclopentane ethylcyclohexane 1-cyclobutylpentane

2. Name the two substituents in alphabetical order

CH,CH,
L

CHzCHzCH:; CH3 CH3
1-methyl-2-propylcyclopentane  1-ethyl-3-methylcyclopentane  1,3-dimethylcyclohexane

CH,

Copyright © 2007 Pearson Prentice Hall, Inc.
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Cis-Trans Isomerism in Cycloalkanes
adlall UK & (35 8all — (5 s8all Sl

* Cycloalkanes are less flexible than open-chain alkanes
* Much less conformational freedom in cycloalkanes

(a H - = H (b) H _
é ) 48 ¢ v e ald
H™ \)ﬂ\ w , Rotate ;;‘; H” w H \\C/{7C\\ B ' L
S og® Y 2 G b S
3 . BT A
\}L / ¢ g ¢ H H H \H d
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Because of their cyclic structure, cycloalkanes have 2 faces as viewed
edge-on “top” face “bottom” face
Therefore, isomerism is possible in substituted cycloalkanes

There are two different 1,2-dimethyl-cyclopropane isomers

H3C\ /CH3 aﬁe %‘O

b H o
H H ,.%
\/\ J J

H 9

trans-1,2-Dimethylcyclopropane

cis-1,2-Dimethylcyclopropane
® 2007 Thomson Higher Education
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Stereoisomerism : e jall LSl
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Constitutional isomers CHj

(different connections |

between atoms) CH3—CH—CHj and CH3—CHy—CHy—CHj3
Stereoisomers H,C CHj H4C H

(same connections and
but different three-
dimensional geometry) H H H CHj

© 2007 Thomson Higher Education
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