
2.172.17
Physical Properties of AlkanesPhysical Properties of Alkanes

and Cycloalkanesand Cycloalkanes



Overview of attractive forcesOverview of attractive forces

CationCation--anion anion very strong very strong 
Covalent bondsCovalent bonds strong (140strong (140--523 523 kjkj/mol)/mol)
IonIon--dipoledipole moderate moderate 
Hydrogen bondsHydrogen bonds moderate to weak (4moderate to weak (4--38 38 kjkj/mol) /mol) 
DipoleDipole--dipoledipole weak weak 
van van derder Waals Waals weak  weak  



Boiling Points of Alkanes Boiling Points of Alkanes 

governed by strength of intermolecular governed by strength of intermolecular 
attractive forcesattractive forces
alkanes are nonpolar, so dipolealkanes are nonpolar, so dipole--dipole and dipole and 
dipoledipole--induced dipole forces are absentinduced dipole forces are absent
only forces of intermolecular attraction are only forces of intermolecular attraction are 
induced dipoleinduced dipole--induced dipole forcesinduced dipole forces



Induced dipoleInduced dipole--Induced dipole Attractive ForcesInduced dipole Attractive Forces

++––++ ––

two nonpolar moleculestwo nonpolar molecules
center of positive charge and center of negative center of positive charge and center of negative 
charge coincide in eachcharge coincide in each



++––++ ––

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

Induced dipoleInduced dipole--Induced dipole Attractive ForcesInduced dipole Attractive Forces



++––++ ––

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

Induced dipoleInduced dipole--Induced dipole Attractive ForcesInduced dipole Attractive Forces



++––++ ––

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

Induced dipoleInduced dipole--Induced dipole Attractive ForcesInduced dipole Attractive Forces



++––++ ––

the result is a small attractive force between the the result is a small attractive force between the 
two moleculestwo molecules

Induced dipoleInduced dipole--Induced dipole Attractive ForcesInduced dipole Attractive Forces



++–– ++ ––

the result is a small attractive force between the the result is a small attractive force between the 
two moleculestwo molecules

Induced dipoleInduced dipole--Induced dipole Attractive ForcesInduced dipole Attractive Forces



Increase with increasing number of carbonsIncrease with increasing number of carbons

more atoms, more electrons, more more atoms, more electrons, more 
opportunities for induced dipoleopportunities for induced dipole--inducedinduced
dipole forces dipole forces 

Decrease with chain branchingDecrease with chain branching

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

Boiling PointsBoiling Points



Increase with increasing number of carbonsIncrease with increasing number of carbons

more atoms, more electrons, more more atoms, more electrons, more 
opportunities for induced dipoleopportunities for induced dipole--inducedinduced
dipole forces dipole forces 

HeptaneHeptane
bp 98bp 98°°CC

OctaneOctane
bp 125bp 125°°CC

NonaneNonane
bp 150bp 150°°CC

Boiling PointsBoiling Points



Decrease with chain branchingDecrease with chain branching

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

Octane:  bp 125Octane:  bp 125°°CC

 

22--Methylheptane:  bp 118Methylheptane:  bp 118°°CC

2,2,3,32,2,3,3--Tetramethylbutane:  bp 107Tetramethylbutane:  bp 107°°CC

Boiling PointsBoiling Points



4.54.5
Bonding in AlcoholsBonding in Alcohols

and Alkyl Halidesand Alkyl Halides



HH

HH

HH

alcohols and alkyl halides are polaralcohols and alkyl halides are polar

μμ = 1.7 D= 1.7 D μμ = 1.9 D= 1.9 D

HH
HH

CC OO

HH
HH

CC ClCl
δδ++

δδ–– δδ––δδ++

δδ++

Dipole MomentsDipole Moments



alcohols and alkyl halides are polaralcohols and alkyl halides are polar

μμ = 1.7 D= 1.7 D μμ = 1.9 D= 1.9 D

Dipole MomentsDipole Moments



δ δ +         +         δδ ––

δδ –– δ δ + + 

δ δ +         +         δδ –– δ δ +         +         δδ –– δ δ +         +         δδ ––

DipoleDipole--Dipole Attractive ForcesDipole Attractive Forces



δ δ +         +         δδ ––

δδ –– δ δ + + 

δ δ +         +         δδ –– δ δ +         +         δδ –– δ δ +         +         δδ ––

DipoleDipole--Dipole Attractive ForcesDipole Attractive Forces



Boiling pointBoiling point
Solubility in waterSolubility in water

DensityDensity

4.64.6
Physical Properties of Physical Properties of 

Alcohols and Alkyl Halides:Alcohols and Alkyl Halides:
Intermolecular ForcesIntermolecular Forces



4444 4848 4646

--4242 --3232 +78+78

00 1.91.9 1.71.7

CHCH33CHCH22CHCH33 CHCH33CHCH22FF CHCH33CHCH22OHOH

MolecularMolecular
weightweight

BoilingBoiling
point, point, °°CC

DipoleDipole
moment, Dmoment, D

Effect of Structure on Boiling PointEffect of Structure on Boiling Point



4444

--4242

00

CHCH33CHCH22CHCH33

MolecularMolecular
weightweight

BoilingBoiling
point, point, °°CC

DipoleDipole
moment, Dmoment, D

Intermolecular forcesIntermolecular forces
are weak.are weak.

Only intermolecularOnly intermolecular
forces are inducedforces are induced
dipoledipole--induced dipoleinduced dipole
attractions.attractions.

Effect of Structure on Boiling PointEffect of Structure on Boiling Point



4848

--3232

1.91.9

CHCH33CHCH22FF

MolecularMolecular
weightweight

BoilingBoiling
point, point, °°CC

DipoleDipole
moment, Dmoment, D

A polar molecule;A polar molecule;
therefore dipoletherefore dipole--dipoledipole
and dipoleand dipole--inducedinduced
dipole forces contributedipole forces contribute
to intermolecular to intermolecular 
attractions.attractions.

Effect of Structure on Boiling PointEffect of Structure on Boiling Point



4646

+78+78

1.71.7

CHCH33CHCH22OHOH

MolecularMolecular
weightweight

BoilingBoiling
point, point, °°CC

DipoleDipole
moment, Dmoment, D

Highest boiling point;Highest boiling point;
strongest intermolecularstrongest intermolecular
attractive forces.attractive forces.

Hydrogen bonding isHydrogen bonding is
stronger than otherstronger than other
dipoledipole--dipole attractions.dipole attractions.

Effect of Structure on Boiling PointEffect of Structure on Boiling Point



δδ++δδ––

δδ––
δδ++

Figure 4.4  Hydrogen bonding in ethanolFigure 4.4  Hydrogen bonding in ethanol



Figure 4.4  Hydrogen bonding in ethanolFigure 4.4  Hydrogen bonding in ethanol



Boiling point increases with increasingBoiling point increases with increasing
number of halogensnumber of halogens

CHCH33ClCl --2424°°CC
CHCH22ClCl22 4040°°CC
CHCHClCl33 6161°°CC
CCClCl44 7777°°CC

CompoundCompound Boiling PointBoiling Point

Even though CClEven though CCl4 4 is the only compound in this list without is the only compound in this list without 
a dipole moment, it has the highest boiling point.a dipole moment, it has the highest boiling point.

Induced dipoleInduced dipole--induced dipole forces are greatest in CClinduced dipole forces are greatest in CCl44
because it has the greatest number of because it has the greatest number of ClCl atoms.  atoms.  ClCl is more is more 
polarizable than H. polarizable than H. 



But trend is not followed when halogenBut trend is not followed when halogen
is fluorineis fluorine

CHCH33CHCH22FF --3232°°CC
CHCH33CHCHFF22 --2525°°CC
CHCH33CCFF33 --4747°°CC
CCFF33CCFF33 --7878°°CC

CompoundCompound Boiling PointBoiling Point



But trend is not followed when halogenBut trend is not followed when halogen
is fluorineis fluorine

CHCH33CHCH22FF --3232°°CC
CHCH33CHCHFF22 --2525°°CC
CHCH33CCFF33 --4747°°CC
CCFF33CCFF33 --7878°°CC

CompoundCompound Boiling PointBoiling Point

Fluorine is not very polarizable and induced dipoleFluorine is not very polarizable and induced dipole--
induced dipole forces decrease with increasing induced dipole forces decrease with increasing 
fluorine substitution.fluorine substitution.



Solubility in waterSolubility in water

Alkyl halides are insoluble in water.Alkyl halides are insoluble in water.

Methanol, ethanol, isopropyl alcohol areMethanol, ethanol, isopropyl alcohol are
completely miscible with water.completely miscible with water.

The solubility of an alcohol in waterThe solubility of an alcohol in water
decreases with increasing number of decreases with increasing number of 
carbons (compound becomescarbons (compound becomes
more hydrocarbonmore hydrocarbon--like).like).



δδ++δδ––

δδ––

δδ++

δδ––
δδ++

Figure 4.5  Hydrogen Bonding Figure 4.5  Hydrogen Bonding 
Between Ethanol and WaterBetween Ethanol and Water



4.14.1
Functional GroupsFunctional Groups



A structural unit in a molecule responsible for itsA structural unit in a molecule responsible for its
characteristic behavior under a particular set ofcharacteristic behavior under a particular set of
reaction conditions.reaction conditions.

Functional GroupFunctional Group



AlcoholAlcohol ROHROH
Alkyl halideAlkyl halide RRXX ((XX = F, Cl, Br, I)= F, Cl, Br, I)
AmineAmine primary amine:  Rprimary amine:  RNHNH22

secondary amine: Rsecondary amine: R22NHNH
tertiary amine: Rtertiary amine: R33NN

Families of Organic CompoundsFamilies of Organic Compounds
and their Functional Groupsand their Functional Groups



Alcohols and alkyl halides are classified asAlcohols and alkyl halides are classified as
primaryprimary
secondarysecondary
tertiarytertiary

according to their "degree of substitution."according to their "degree of substitution."

Degree of substitution is determined by countingDegree of substitution is determined by counting
the number of carbon atoms directly attached tothe number of carbon atoms directly attached to
the carbon that bears the halogen or hydroxyl group.the carbon that bears the halogen or hydroxyl group.

ClassificationClassification



CHCH33CHCH22CHCH22CHCH22CCHH22FF

CHCH33CCHCHHCH22CHCH22CHCH33

BrBr

primary alkyl halideprimary alkyl halide

secondary alkyl halidesecondary alkyl halide

ClassificationClassification

CHCH33CCCHCH22CHCH22CHCH33

OHOH

CHCH33

tertiary alcoholtertiary alcohol

HH

OHOH

secondary alcoholsecondary alcohol



EtherEther RROOR'R'
NitrileNitrile RRCNCN
NitroalkaneNitroalkane RRNONO22
SulfideSulfide RSR'RSR'
ThiolThiol RSHRSH

EpoxideEpoxide CC CC

OO

Families of Organic CompoundsFamilies of Organic Compounds
and their Functional Groupsand their Functional Groups



OO

CC

Carbonyl groupCarbonyl group

OO

CC

Acyl groupAcyl group

RR

Many Classes of Organic Compounds Many Classes of Organic Compounds 
Contain a Carbonyl GroupContain a Carbonyl Group



OO

CC

Carbonyl groupCarbonyl group

OO

CC

AldehydeAldehyde

RR HH

Many Classes of Organic Compounds Many Classes of Organic Compounds 
Contain a Carbonyl GroupContain a Carbonyl Group



OO

CC

Carbonyl groupCarbonyl group

OO

CC

KetoneKetone

RR R'R'

Many Classes of Organic Compounds Many Classes of Organic Compounds 
Contain a Carbonyl GroupContain a Carbonyl Group



OO

CC

Carbonyl groupCarbonyl group

OO

CC

Carboxylic acidCarboxylic acid

RR OHOH

Many Classes of Organic Compounds Many Classes of Organic Compounds 
Contain a Carbonyl GroupContain a Carbonyl Group



OO

CC

Carbonyl groupCarbonyl group

OO

CC

EsterEster

RR OR'OR'

Many Classes of Organic Compounds Many Classes of Organic Compounds 
Contain a Carbonyl GroupContain a Carbonyl Group



OO

CC

Carbonyl groupCarbonyl group

OO

CC

AmideAmide

RR NHNH22

Many Classes of Organic Compounds Many Classes of Organic Compounds 
Contain a Carbonyl GroupContain a Carbonyl Group



In-class exercise

How many of each How many of each 
functional group functional group 
are present: are present: 
AlkeneAlkene
Phenyl ringPhenyl ring
AlcoholAlcohol
EtherEther
EsterEster
KetoneKetone
AmideAmidePaclitaxel “taxol” is now used to treat patients with lung, 

ovarian, breast cancer, head and neck cancer, and advanced 
forms of Kaposi's sarcoma. 



Chapter 2 Homework Problems

• 2.20; 2.21; 2.22; 2.24; 2.25; 2.26; 2.28; 
2.29; 2.33; 2.37; 2.38; 2.41; 2.42; 2.43 


