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Saturated Hydrocarbons

Nomenclature

O Most organic compounds are known by two or more names:

0 The older unsystematic names, (Common—*"

namesz’. J
[l The WPAC names. <Jsetore

International Union of Pure & Applied Chemistry

1. Alkanes
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Saturated Hydrocarbons

1. Alkanes
Nomenclature
The IUPAC Rules
@ Select the parent structure V-
the longest continuous chain
H, 4 Ho H. H>
H;C—C CIJ C—CHgj H;C—C C C—CHgj
C|3H2 C Ho-
CH; not (.3 H,
C H3 H3
Eth@ heé(ane Propyl pentane
(4hsd i) dule ML@ _—
The longest continuous chain is not necessarily straight.—sreason-he bond rsed@ama)
Bt hae %Ee'fb\dl'ﬂ‘“t-‘

straight sa 5 Lile S 650 Sas 13



Saturated Hydrocarbons

1. Alkanes
Nomenclature

The IUPAC Rules

@ Number the carbons in the parent chain
starting from the endp which gives the dowest”number for the

L ————
substittient
2 3 6 5 4
W H, H H» H, H H-

H3C—C—C—C—CHjs H3C—C—C—C—CHjs

4C|:H2 not 3C'H2

5Cl;H2 2(.:,H2

6 CHg 3

3-Ethyl hexane 4-Et9%l hexane

14



Saturated Hydrocarbons

1. Alkanes
Nomenclature
The IUPAC Rules
@ Number the carbons in the parent chain
Substituent
/ 6 5 4 3 é 6 5 4 3 2 1
CHACHCHCH,GHEH; CH4CH,CH,CH,CHCH,4
2CH, |
I CH ;€ Substituent
1CH,

3-Methylheptane 2-Methylhexane
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Saturated Hydrocarbons

1. Alkanes
Nomenclature

The IUPAC Rules

To name the compound,;

1) The position of the substituent on the parent carbon
chain by a number.

2) The number is followed by a hyphen (-).

3) The combined name of the substituent (ethyl).

4) The parent carbon chain (hexane)

16



Nomenclature

The IUPAC Rules
@ If the same alkyl

are used

Saturated Hydrocarbons

1. Alkanes

substituent occurs more than once on the parent carbon chain,
@) () M (5)
the prefixes di-, tri-, tetra-, penta-, and so on

to indicate two, three, four, five, and so on.

H H2®

H3C—'C T—CH,

cHy &

@@4- Tri methyl pentane

17



Nomenclature

The IUPAC Rules

( 71 3 i
CH; CHg

2,3-Dimethylbutane
n

g
CH3CHCHCHCH 5
CH; CHs

2,3,4-Trimethylpentane

Saturated Hydrocarbons
1. Alkanes

s
CHCCHECH
CH5 CHs

2,2,4,4-T etramethylpentane
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Saturated Hydrocarbons

Nomenclature

The IUPAC Rules

1. Alkanes

4) If different alkyl substituents are attached on the parent carbon chain,

they are named in order of alphabetical order.

-----

T o - - - -

3,3-Diethyl -4-methyl-5-propyl octane

3,3- di ethyl
4- methyl

5- propyl

19



Saturated Hydrocarbons

1. Alkanes
Nomenclature

The IUPAC Rules

~

: . oo : :
Note (that/ each substituent is given a number corresponding to its location on the

Iongest\c/hain. The substituent groups are listed alphabetically.

I 2 “" O &
CH3C|:H_CH2_CI)HCH2 H3
CHs ?Hz
CH5

4-Ethyl-2-methylhexane

5) When two supstituent are present on the same carbon, use the number twice.

(ot CH
! o Ig ) S

g

CHs

3-Ethyl-3-methylhexane 20



Nomenclature

The IUPAC Rules

Saturated Hydrocarbons

1. Alkanes

6) When two chains of equal length compete for selection as the parent chain,
choose the chain with the greater number of substituents.

7 6 9 4 3 2
CH3CH2_(I:H—C|:H—CI:H—?H—CH3
CHy CHa CHs CHs

P
CH

2,3,5- Trimethyl-4-n-propylheptane

21



Nomenclature

The IUPAC Rules

Saturated Hydrocarbons

1. Alkanes

@ If substituents other than alky groups are also presents on the parent carbon chain;
all substituents are named alphabetically.

. -F  fluoro; . -NO nitrg,
/-Cl chloro;
-Br bromo;
-l iodo
""""" L
|
H3c —c —3¢c —2Cc —'cH,
CH3_| Cl

3-bromo -2-chloro -4-methylpentane

oel] dsls¥

2-chloro

3-bromo
4- methyl

22



Saturated Hydrocarbons

1. Alkanes

Sources of Alkanes

O The two principal sources of alkanes are petroleum and natural gas.

Petroleum and natural gas constitute the chlef sources of

- -

- Alkanes up to 40 Carbons

- Aromatic (Gasoline and its derivatives) J’u‘

W (Cyclic aliphatic hydrocarbons) (A\‘CJC\‘C)E“ML e"l]

- HEtEfOCVClIC Unsaturated (x atoms (N,0,S)

23



Sources of Alkanes

Petroleum Refining

Some components of refined petroleum

Fraction ______ Boiling range (°C)

Gas quickly evaporates

Petroleum ether

n Naphtha
““"'“"’ lﬁdlmj%' Gasoline

Jas—sliqued» solig <-| Kerosine

Gas oil

Lubricating oil, asphalt,
petroleum coke and
su < paraffins
e

Below 20
20-60

60 - 100
40 -200
175 —325
300 -500
Above 400

Cl1-C4
C5-C6
Cce—-C7
C5-C10
C11-C18
C15-C40
C15-C40

Saturated Hydrocarbons
1. Alkanes

24



Saturated Hydrocarbons

Physical Properties 1. Alkanes

Physical Properties of Alkanes, Alkenes and Alkynes

Those properties that can be observedthe compound undergoing a chemical

: :
A. Physical States reaction

2lagers
C1(C2) toC@are gases, F 'OI-
€5to C17 are liquids, i) g';f‘:':)"‘zaﬁ et
C18 and larger alkanes are wax —iike solids. sares

B. Solubility

O Alkanes, Alkenes and Alkynes are nonpolar compoundsEmrosea\et

O Their solubility “ Like dissolve like” ©

O Alkanes, Alkenes and Alkynes are soluble in the nonpolar solvents;
carbon tetrachloride, CCl, and benzene,

O Alkanes, Alkenes and Alkynes are insoluble in polar solvents like water.

25



Intermolecular Forces and
Liquids and Solids



Intermolecular Forces (To know the nature of the material)

@Int@'molecular forces are attractive forces between(oliﬂmnb)

@iﬁ?’ Cuclﬁgbular forces hold atoms together in a

molecule.
Intermolecular vs Intramolecular

» 41 kJ to vaporize 1 mole of water (inter) (weater)

* 930 kJ to break all O-H bonds in 1 mole of water (intra)(ﬂmﬂer)‘J
“Measure” of intermolecular force
boiling point
melting point

multiple choice question

Generally, intermolecular
forces are much weaker
than intramolecular forces.

27



Intermolecular Forces

Dipole-Dipole Forces

-H 45
Attractive forces between polar molecules x:6—LC| —em =7

Orientation of Polar Molecules in a

ill Cof ! : I SIoN requirggsfs
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Intermolecular Forces

Attractive forces -an.and a polar molecule

lon-Dipole
CopyrightD The Mchw—l-'l nutae,racﬁ mﬁx reproduction or display.

29



LLondon forces (dipole-induced dipole attraction)

Non-polar molecules do not have dipoles like polar molecules. How,
then, can non-polar compounds form solids or liquids?

London forces (also called van der Waal forces) are due to small dipoles that
exist in non-polar molecules

Because electrons are moving around in atoms there will be instants
when the charge around an atom is not symmetrical

The resulting tiny dipoles cause attractions between atoms/molecules
(the greater the mass, the greater the London forces)



Intermolecular Forces

Dispersion Forces

Attractive forces that arise as a result of temporary
dipoles induced in atoms or molecules

Induced dipole

Cation

lon-induced dipole interaction

Induced dipole

Dipole

dipole-induced dipole interaction




Induced Dipoles Interacting With Each

Other

0 e 0 0 0
© 9 agﬂ € o @F o©
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Intermolecular Forces

Is very important for soluble in
Polen("=—Ssolvents or not

The hydrogen bond is a special dipole-dipole interaction
between the hydrogen atom in a p@ler N-H, O-H, or F-H bond

and an electronegative O, N or F atom.
ﬂg‘f’ 9?0"(3 LC{(D’“‘”PU

Hydrogen Bond-

A—H-B 0 A—H-A
A & B are N O or
Copyright © The McGraw-Hill Companies, Inc. Perm ired for r n or display
o !
H H H H H H

T
m—Z— L
@

s
T
T
T
@ P At o
i
L
i
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Physical Properties

C. Boiling Points

CH3;CH,CH,CH4
n-Butane
b.p.=0°C

CH,CH,CH,CH,CH; HsCH,C—CH-CHs,

rnPentane
b.p.=36°C

H3C_CH'CH3

| sobutane
b.p.=-12°C
CHgy CH;
H,C — C:) —CH,q
| sopentane CH,
b.p.=28°C Neopentane
b.p.=9.5°C

Saturated Hydrocarbons

1. Alkanes
b.p. °C
0o 4 butane/x
./// X
- methylpropane
/// r ylpropar
e
propane//
-50 T /
//
thane 4
e
-100 A //
yd
J/
d
//
"150 methane ,(/
relative mass
-200
I I 1 1 1 I I
10 20 30 40 50 60 70

Graph showing boiling point of the alkanes against relative mass

O Boiling point decreases with increasing branches

O Boiling point increases with increasing molecular weight.
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Conformational Isomers of

Isomers that differ adBK@&RB%S sigma bond
Isomers that differ as a result of sigma bond
rotation of C-C bond in alkanes —

Back carbon

‘;‘ pire
H 0/‘ @ H | .H

Front carbon

Sawhorse ( é”.".‘)"{ Newman (I‘ne obhe~ @roN
representation -~ - projection| |, \incle firs)-one,

2 )

ﬁ\%ww
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Conformational

Bond Rotation and Newman Isomers of
Alkanes

Ry &h}%ﬁﬁlﬂitﬁrbon -carbon bond rotates, interconvert carbon
bond rotates, interconvert between staggered and eclipsed
conformers

H : HH
/;b\ ‘s’ A
Y Rotate rear :
g 0 carbon 60° ‘ HZ ',\ H &

40 kJ/mol 4.0 kJ/mol

=0

) o
Ethane—staggered& (c Ethane—eclipsed N W
conformation ores\qu conformation ae.,.\s\d\

Eclipsed conformer is 12.0 kJ/mol higher in energy ('free’
rotation at room temperature)

—
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Conformational

AP I f
rCPVI\SlDY\ ’> Torsional Siraln Energy somers o

oyl
Force that opposes rotation due to the repulsion Force that

opposes rotation due to the repulsion of bonding electrons

[ We do not observe perfectly free rotation _ .

0 There is a bdrrier to rotation, and some conformers are more
stable than others

[l Small energy barrier easily overcome at RT

[0 Each eclipsed H-H costs 4 kJ/mol of Torsional Energy




-in 4»933“&4

h&d@@j
in Stalole ek

( 60_:73 0, Zvo")

Eclipsed conformations

staggered conformational

l

|

& > |
H H H H H X H
H H H H
E ; H H H H H H
H H H H H H H H
H H H H H H H H H H H

I

00

60°

120°

180°

240°

300°

360°
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Strain Energy in

Torsional Strain Alkanes

Steric strain- repulsive interaction occurring between atoms
that are forced closer together than their at far from each
other.

Table 3.5 ' Energy Costs for Interactions in Alkane Conformers

Energy cost

Interaction Cause (kJ/mol) (kcal/mol)
H«=H eclipsed Torsional strain 4.0 1.0
H «— CHj eclipsed Mostly torsional strain 6.0 1.4
CHy = CH1 eclipsed Torsional and steric strain 11 2.6
CH, ¢ CH, gauche Steric strain m\ 0.9
' ' . 1 - —"or
o) 0 g

B \py G 08
39



Saturated Hydrocarbons

Notations for bond breaking and bond making

O A covalent bond can be broken in either two ways,
—— =

@ Homolytic cleavage.

O\ o PV & - | I

Free radicals

———

@ Heterolytic cleavage.
one o h~e N

ole(vies —shake (Wroe - |
e RN MG AT T
- I
Carbocation
I + -
AL G energy. A

:C—
I

Carboanion

1. Alkanes

o the homollic. Ne ¢4

high e¢9Y tan
helmlj lie

40



Saturated Hydrocarbons
1. Alkanes

Preparation of Alkanes

Aaddiga/-bo-a-cmpund
1) Hydrogenation of Alkenes and Alkynes

A great number of alkanes can be obtained by fractional distillation of crude

¢ petroleum and subsequent reactions as follows:
W mean Swrce

(habkwral) 1 Catalytic hydrogenationgl in e leb
Alkenes andalkynes, react with hydrogen in the presence of metal catalysts such as
nickel, palladium, and platinum to produce alkanes.

General cotaltsks
Reaction . : g |
C H Pt, Pd, or Niy C H
g M |1| solvent — (|3 H
1
N pressure? |

Alkene Alkane

41



Preparation of Alkanes

1) Hydrogenation of Alkenes and Alkynes

|
C

N+ 2H

C

Alkyne
O Specific

Examples
CHsCH=CH, +

propene

s
H3C_C=CH2 +

2-Methylpropene

Ve (high oash)

H—H

H—H

solvent, 7 (lj

pressures |

PthorN|1 H—C—H
H

Alkane

Ni

(25°C, 50 atm)

Ni

C,HsOH (a‘hnnﬂl)

C,H-OH
(25 °C, 50 atm)

Saturated Hydrocarbons
1. Alkanes

CH3CH (|3H2
¥ H

propane

G
H3C_CI:_(|:H2
H H

| sobutane 42



Saturated Hydrocarbons

1. Alkanes

Preparation of Alkanes

2) Hydrolysis of Grignard Reagent
st _R—MgX + HOH—— RH + MgX(OH)

1), de eth
alkyle hn!{o\e Alke)'/rl magnesium halide
mosk of

the fims|) (Grignard reagent) Y
O Grignard reagents react readily with any source of protonsh)_(drocarbons.

CHCH.Br  + Mg —2ENE _ CH,CHMgBr -
Ethyl bromide Ethyl magnesium bromide
(Grignard reagent)

CH3;CH,MgBr + HOH —— CH3CH; + MgBr(OH)
Ethane

3) By coupling of alkyl halides with dialkyl cuprate (all kinds of alkanes)

CH3Br

(CH4CH,),CuLi s CHyCH,CHg (KA —>fferent

43



Saturated Hydrocarbons

1. Alkanes

Reactions of Alkanes

Saturated hydrocarbons undergo very few reactions, so they are called Paraffinic
hydrocarbons. (Latin parum, little; affinis, affinity)

Halogenation

The‘halogenation of an alkane appears to be a simple free radical substitution in

which a C-H bond is broken and a new C-X bond is formed

RH + X, %  RXY + HX X=ClerBr

or UV light
Alkyl halide

Reactivity X,: Cl, = Br,
Combustion H:3°>2°>1°>CH,-H

_‘heat

+ 0O, CO, + H;O + heat

I-0-I

An alkane 44



Saturated Hydrocarbons

1. Alkanes

Reactions of Alkanes

A. Halogenation

O Substitution reaction of alkanes,

o
i.e. replacement of hydrogen by halogen,
usually chlorine or bromine, giving alkyl chloride or alkyl bromide.

O Flourine reacts|explosively|with alkanes

It is unsuitable reagent for the preparation of the alkyl flourides.(hjajhlg rmc}l'\/a) é,tr:,.@
=

O lodine is too unreactive

It is not used in the halogentaion of alkanes.

O Halogenation of alkanes take place at RN

high temperatures or under the influence of ultraviolet light
e ——
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Saturated Hydrocarbons

1. Alkanes
Reactions of Alkanes
A. Halogenation °
al anY) reacHon oiceahee I ;
N : : mullibule PoKuc
O Chlorination of an alkane usually gives a mixture of products Cm\nl—mn—»ilwﬂs monyand Hme

e, Y
Cl-Cl + H-C—H H—(lD—CI + HCI
|

H H
Chlorine Methane Chloromethane
(Methyl chloride)

H H

Cl-Cl + H-C—Cl —2—s gl-C-Cl + HO
| H UV light H

Chlorine  Methane Dichloromethane

(Methylene chloride)

46



ink the 2 carbens will

2-Alicyclic Alkanes ki N T bond
y ermé-é-'! N s

g wilnou{+2) 2220 A 7 mlte

Cycloalkanes: CnHzn) (contain carbon-carbon single bond in a single ring)

meimum(Slmrbons)

/N

siama W&)(ID"].B" oy
x kz)di%\}u??

O 0O &
SNORRe

cycbpropang
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Saturated Hydrocarbons
2. Alicyclic Alkanes

Cyclic Alkanes

* Carbon atoms in alkanes are sp hybrldlzed

bgg
eeeeeeeeeeee

- Have more than
' one conformation)
(0«:9 Shatle shap)
'f)

@ (Qt?v\odne goo( ouﬂcme) 108° Pen\gm@ 1 200 U\” Y]Q 129° 135°
S by
D

* To optimize the bond angles, most cycloalkanes ar

48



Alicyclic

Nomenclature Cycloalkanes Alkanes

» Alkanes with closed ring(s) of C atoms
* General formula: C,H,;(CsHg, C4Hg, C5H,, etc.)
 “Naming: use cyclo- prefix before alkane name

/\

[Mﬁ 3\'4146'—"46) nere fnan one confcr-ma\-wn
cyclopropane cyclobutane cyclopentane cyclohexane
n=3 n=4 n=>5 n==6
ea s CsHg CsHyg CeHaz

Naming substituted cycloalkanes:
1 substituent: tnG'numbering necessary
e (20r more substituents: highest alpha priority on C #1

methylcyclopentane

1-chloro-3-methylcyclohexane

49



Conformations of Cyclohexane

Cyclohexane does not

] have any angle strain! It “xm‘("")(d""’")
isn’t a flat molecule. By  bhe subsinanks ,
rotating about the carbon- (/7 te 6) equaloria|

carbon bonds, it can
achieve 109.5° bond
angles.

(e form is unless diverse)

50



chair

boat

)L

twist boat

conformations of
cyclohexane
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conformations of
cyclohexane

iy -

The chair conformation of cyclohexane is
free of both angle strain and torsional strain
(deviation from staggered). This is the most

stable conformation. s}, giockinants ol ol
the ados =
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conformations of
cyclohexane

BE Y

The boat conformation is free o strain,
but has a great deal of torsional strair
(eclipsed). To relieve the strain,
slightly to form the twist boat: —ym m\mzwfvf

widable, heowse fleed erey),
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conformations of
cyclohexane

o 3602765
A 388

yclhexane

Most (e(’“\\”lr S\'Aﬁﬁ"dcjclopqm




conformations of
cyclohexane

1 ) 6 corloons (|2 sv\\osl—il-u\o\nls)

a = axial positions in the chair conformation

e = equatorial positions

55



( CH3

) ]

CH; in axial position
position

H3C

conformations of
cyclohexane

CH; in equatorial

1S more stable

H H,C
& flip
5%) \ecause need erogy

=

Q)
2s~> methylcyclohexane
AW

H

flip

—

0% (rbk Saole)

tert-butylcyclohexane

LAy

100%
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beta-D-glucose

all OH groups equatorial

s

éﬂxﬂdbﬁymﬁﬁz
(it can move)

Name.:half droir-
holf poat
erwelo\oe,

more stable

conformations of
cyclohexane

Glucose molecule

CHO
H——OH
HO—H
H——OH
H——OH
CH,OH

alpha-D-glucose

one group forced to be axial
(eq\uql-o“'\q\ EARY



