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Hyadrocarbons

Alkanes are
hydrocarbons in which

Aliphatic all of the bonds are
° single bonds.

H

Alkanes




Hyadrocarbons

Alkenes are
hydrocarbons that

Aliohatic contain a carbon-
° carbon double bond.

H

Alkenes




Hyadrocarbons

Aliphatic

Alkynes

HC=CH




Hyadrocarbons

The most common
aromatic hydrocarbons
are those that contain
a benzene ring.

Aromatic




Reactive Sites in Hydrocarbons

Iihe Functional Group
Concept




Functional Group

a structural unit in a molecule responsible for its
characteristic chemical behavior and its

IR spectroscopic characteristics




Alkanes

R— » R—

functional group is a hydrogen atom




Alkanes

R— » R—

functional group is a hydrogen




Functional Groups in Hydrocarbons

alkanes RH

alkenes RH, double bond

alkynes RH, triple bond

aromatics ArH, double bond




Some Key Functionall Groups




Familles o1 organic compounads and
thelr functional groups

Alcohols ROH

Amines primary amine: RNH,

secondary amine: R,NH
tertiary amine: R;N

Ethers ROR




Miany classes ol organic compounas
contain a carbonyl group
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Carbonyl group Aldehyde
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General formula for an alkane

CnH2n+2

Intreduction to Alkanes:
Methane, CH,
Ethane, C,HH;
Prepane; C.iHg




he simplest alkanes

Methane (CH,) C
Ethane (C,H;)

Propane (C;Hj)

bp -160°C bp -89°C

No isomers possible for C1, C2, C; hydrocarbons




Isomeric Alkanes:
The Butanes

C4Hyo

Generall fermula for any: butane




n-Butane Isobutane

CH,CH,CH,CH, (CH,),CH




Higher n-Alkanes
Pentane (C:;H,,) and Beyond

CnH2n+2

n>4




NN
CH,CH,CH,CH,CH,

n-Pentane

N N
CH,CH,CH,CH,CH,CH,

n-Hexane

NN

CH,CH,CH,CH,CH,CH,CH,
n-Heptane




The C:H., Isomers




C5H12

PN A~

CH,CH,CH,CH,CH, 3),CHCH,CH,

n-Pentane sopentane

X

(CH5),C

Neopentane




How many I1Somers?

There is no simple way to predict how many

Isomers there are for a particular molecular
formula.




Table 2.3
Number of Gonstitutionally 1someric Alkanes




Table 2.3
Number of Gonstitutionally 1someric Alkanes

CgHg 18
CgoHoy 35
122 75
35 4,347
4 366,319
15, 62,491,178,805,631
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Structure and Bonding In
Alkenes




structure oy Ethylene




Bonding in Ehylene

Framework of o bonds

Each carbon is sp? hybridized




Bonding in Ehylene

Each carbon has a half-filled p
orbital




Bonding in Ehylene

Side-by-side overlap of half-filled p
orbitals gives a &= bond




Isomerism In Alkenes




Isomers

Isomers are different compounds that

have the same molecular formula
(composition).




Isomers

Constitutional isomers Stereoisomers




Isomers

Constitutional isomers Stereoisomers

same connectivity;
different connectivity different arrangement
of atoms In space




Isomers

Constitutional isomers Stereoisomers

consider the isomeric alkenes of

molecular formula C,Hg




H,C

H,C H

2-Methylpropene

H,C

H

cis-2-Butene trans-2-Butene




H,C

H,C H

2-Methylpropene

Constitutional isomers

cis-2-Butene




H,C

H,C H

1-Butene 2-Methylpropene

H,C

Constitutional isomers

H

trans-2-Butene




Stereoisomers

CH, H,C

H H

cis-2-Butene trans-2-Butene




Molecular Chirality:

Enantiomers




Chirality

A molecule is If its two mirror image
forms superposable upon one another.

A molecule is achiral if its two mirror image

forms are superposable.




Bromochlorofluoromethane is chiral
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Bromochlorofluoromethane is chiral
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Bromochlorofluoromethane is chiral




Another ook




Enantiomers

nonsuperposable mirror images are
called enantiomers

1 '

N m® and B

1 S

are enantiomers with respect to each other




Isomers
|

constitutional
isomers




Isomers
|

COf_'St't“t'O“al stereoisomers
isomers

enantiomers geometric isomers
(optical) (cis/trans)




> Chlorodifluoromethane
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Symmetry in Achiral

Structures




Symmetry tests for achiral structures




Plane of symmeltry

A plane of symmetry bisects a molecule into two
mirror image halves. Chlorodifluoromethane
has a plane of symmetry.




Plane of symmeltry

A plane of symmetry bisects a molecule into two
mirror image halves. Chlorodifluoromethane
has a plane of symmetry.




Plane of symmeltry

A plane of symmetry bisects a molecule into two
mirror image halves.
1-Bromo-1-chloro-2-fluoroethene has a plane
of symmetry.




Plane of symmeltry

A plane of symmetry bisects a molecule into two
mirror image halves.
1-Bromo-1-chloro-2-fluoroethene has a plane
of symmetry.




Physical Properties of

Alkanes and Cycloalkanes




Bolling Points

decrease with chain branching

branched molecules are more compact with
smaller surface area—fewer points of contact
with other molecules




T Boiling points

— Melting points

10

Chain length
(number of carbons)

© 2003 Thomson-Brooks/Cole




Bolling Points

V. e S 2 Y S e N

Heptane Octane Nonane
bp 98°C bp 125°C bp 150°C




Bolling Points

decrease with chain branching

branched molecules are more compact with
smaller surface area—fewer points of contact
with other molecules

NSNS Octane: bp 125°C

)\/\/\ 2-Methylheptane: bp 118°C

>§< 2,2,3,3-Tetramethylbutane: bp 107°C




Boiling Points or Alkanes

governed by strength of intermolecular
attractive forces

alkanes are nonpolar, so dipole-dipole and
dipole-induced dipole forces are absent




Induced dipolenduced dipole attractive 1orces

two nonpolar molecules

center of positive charge and center of negative
charge coincide In each




Induced dipolenduced dipole attractive 1orces

movement of electrons creates an
iInstantaneous dipole in one molecule (left)




Induced dipolenduced dipole attractive 1orces

temporary dipole in one molecule (left) induces
a complementary dipole in other molecule

(right)




Induced dipolenduced dipole attractive 1orces

temporary dipole in one molecule (left) induces
a complementary dipole in other molecule

(right)




Induced dipolenduced dipole attractive 1orces

the result is a small attractive force between the
two molecules




Induced dipolenduced dipole attractive 1orces

the result is a small attractive force between the
two molecules




Straight chain hydrocarbon Branched hydrocarbon

Lots of intermolecular Fewer intermolecular
contacts contacts




