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Class

Carbon—carbon
bonding

Example

Name

Saturated

Alkanes
(Chapter 3)

Hydrocarbons

Unsaturated |

o

Alkenes
(Chapters 4-5)

Alkynes
(Chapters 4-5)

Arenes
(Chapter 9)

Only carbon-
carbon single
bonds

Ethane

One or more
carbon—carbon

double bonds

\C—C
/

Ethene

One or more
carbon—carbon
triple bonds

H—C=C—H

Ethyne

One or more
benzenelike
rings

Benzene



3.1 What Are Alkanes?

Alkane A saturated hydrocarbon whose carbon atoms are arranged in an open chain

(5R1)

Saturated hydrocarbon A hydrocarbon containingonly carbon—carbon single bonds.

(tEFM)

Aliphatic hydrocarbon An alternative term to describe an alkane.

(RERBIRIZ)

Alkanes have the general molecular formula C H,, .,

CH, k|l
H—?—H
H

Methane Ethane



atom
a bont

. ; =+
Ball-and-stick
model A

Line-angle

N AT

formula

Condensed CH3CH,CHj CH3CHyCHoCH3 CH3CHyCHoCHyCHj
structural

formula Propane Butane Pentane

a carbon is located at every end

i

a carbon is located at every bend




Names, Molecular Formulas, and Condensed Structural Formulas
for the First 20 Alkanes with Unbranched Chains

Condensed Condensed
Molecular Structural Molecular Structural

Name Formula Formula Name Formula Formula

methane CH, CH, undecane CHoy CH4(CHs)gCHsg
ethane CsHj, CH3CHj, dodecane CaHoyg CH3(CHs),,CHj;
propane CyHyg CH,;CH,CHj, tridecane Cy3Hog CH4(CHs),,CHj4
butane C4Hy, CH4(CH,).CHy tetradecane Cy4Hs, CH4(CHs),9CHjq
pentane C;Hys CH4(CHs)3sCHy, pentadecane Ci5Hss CH4(CH,)3sCHy4
hexane CsHyy CH4(CHs),CH, hexadecane CigHay CH4(CH,),4,CHj,
heptane C-Hy4 CH4(CHs);CHg heptadecane C-Hgs CH4(CHs),5CHj4
octane CgHqs CH4(CH,)CHs octadecane CisHsg CH4(CHs)sCHg4
nonane CoHoy CH4(CH,)-CHjy nonadecane CioHyg CH4;(CHs)7CH54
decane CipHoo CH4(CHy)gCHg eicosane CogH 40 CH4(CHs)5CHq




3.2 What Is Constitutional Isomerism(# & & #) in Alkanes?

~ X

CH,
CH3CHyCHyCHg CH3CHCHg
Butane 2-Methylpropane v
(boiling point (boiling point
= —0.5°C) - _11.6 °C)

Carbon Atoms | Constitutional Isomers

1 0
5 3
10 75
15 4,347

25 36,797,588
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3.3 How Do We Name Alkanes?
A. The IUPAC System

(1) a prefix that indicates the number of carbon atoms in the chain and
(2) the ending -ane to show that the compound is a saturated hydrocarbon.
Table 3.2 gives theprefixes used to show the presence of 1 to 20 carbon atoms.
) A TFHABRBRPRRE FERKO WL
Q) &RA W, RTFEAEYAEFIE, K328 T ATFAT12 200N R F 83 &Ko

The IUPAC name of an alkane with a branched chain consists of a parent name
that indicates the longest chain of carbon atoms in the compound and substituent
names that indicate the groups bonded to the parent chain.

substituent

parent chain

e /\/I\/\/
il 5 z 9 4 6 8

3
CHSCH?CHECHCHQCHECH?CHB G-FRERFR) 1 = 3
4-Methyloctane

5 7



Prefixes Used in the IUPAC System to Show the Presence of 1 to
20 Carbons in an Unbranched Chain

Number of Number of
Prefix Carbon Atoms Prefix Carbon Atoms
meth- 1 undec- 1
eth- 2 dodec- 12
prop- 3 tridec- 13
but- 4 tetradec- 14
pent- 5 pentadec- 15
hex- 6 hexadec- 16
hept- 7 heptadec- 17
oct- 8 octadec- 18
non- 9 nonadec- 19
dec- 10 eicos- 20
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Names of the Most Common Alkyl Groups
Condensed Condensed
Name Structural Formula Name Structural Formula
methyl — CHj; isobutyl —CHE(|:HCH3
(BTH) CH,
ethyl — CH,CHs sec-butyl ({RTH) —?HCHECHS
CH,
abbreviation for
“secondary”
propy!| — CH,CH,CH,4 tert-butyl (,}&TE) (fHS
(IERE) —CCH,4
abbreviation for |
iltt_r.l 'E e 2 CHS‘
isopropyl —{?HCHSj
(BRHE) CH,




o . .
N\ XA X -%1Er‘=ﬁr'ﬂ|‘g
(@) &4 X & LV PFIR
XI'AN JIAOTONG UNIVERSITY SCHOOL OF CHEMISTRY

The rules of the IUPAC system for naming alkanes are as follows:

1. The name for an alkane with an unbranched chain of carbon atoms consists of a prefix
showing the number of carbon atoms in the chain and the ending -ane.

2. For branched-chain alkanes, take the longest chain of carbon atoms as the parent chain,

and its name becomes the root name.

3. Give each substituent on the parent chain a name and a number. The number shows the
carbon atom of the parent chain to which the substituent is bonded. Use a hyphen to connect the
number to the name: CH

3 )\
CH;CHCH, N

2-Methylpropane

4. If there is one substituent, number the parent chain from the end that gives it the lower number:

CH,

5] 3 1 | 3 5

CH3CH,CHoCHCHj

2-Methylpentane (not 4-methylpentane)
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5. If there are two or more identical substituents, number the parent chain from the end that
gives the lower number to the substituent encountered first. The number of times the
substituent occurs is indicated by the prefix di-, tri-, tetra-, penta-, hexa-, and so on. Acomma is

used to separate position numbers:

o \M
CH%CH?CHCHQCHCHq 6 4 Z | 3 5

5 3 1 2 1 6

2,4-Dimethylhexane (not 3,5-dimethylhexane)

6. If there are two or more different substituents, list them in alphabetical order, and number the
chain from the end that gives the lower number to the substituent encountered first. If there are
different substituents in equivalent positions on opposite ends of the parent chain, the
substituent of lower alphabetical order is given the lower number:

CHjg

|
CH3CHyCHCHo,CHCHoCH,

|
CHyCH,

3-Ethyl-5-methylheptane (not 3-methyl-5-ethylheptane)
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7. The prefixes di-, tri-, tetra-, and so on are not included in alphabetizing. Neither are the
hyphenated prefixes sec- and tert-. “Iso,” as in isopropyl, is included in alphabetizing.
Alphabetize the names of the substituents first, and then insert the prefix. In the following
example, the alphabetizing parts are ethyl and methyl, not ethyl and dimethy!:

CHs (ngCHg

|
CHsCCHoCHCHoCHis
|
CHg

4-Ethyl-2,2-dimethylhexane
(not 2,2-dimethyl-4-ethylhexane)
(AUERdi-, tri-, tetra-FABIEEFEBHIFER., EFFRSEsec-fltert-tBARZE. “Iso”, W“REE",
BiEEFEHIF. SIENREN2FEFEIRFEHES, ABRM LS. T TFERGFHR, HFEI5
FHISIRNER R SEIRE, MAZRSEN"HE:)

b-Isopropyl-3,6,8-trimethyldecane
(not 6-isopropyl-3,5,8-trimethyldecane)

2-Methylbutane 4-Isopropyl-2-methylheptane
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B. Common Names(ZiB#p &%)

T i
CH;CH,CHsCHj CH;CHCH; CH3CHsCHyCHsCHj CH3;CH,CHCHjg
Butane [sobutane Pentane [sopentane

C. Classification of Carbon and Hydrogen Atoms

We classify a carbon atom as primary (1°), secondary (2°), tertiary (3°), or quaternary(4°),

({a. f#. . Z) depending on the number of carbon atoms bonded to it.

two 1° carbons a 3° carbon a4® carbon
/ J N
CHH_ %HE_GHS {_:Ht;_(lnH_CHg CH3_$_UHE_L|:H_CH%
x\;l 2° carbon CHjsg CHsy CHs

Propane 2-Methylpropane 2,2,4-Trimethylpentane



@ FHRL TR
Hydrogens (H) are also classified as primary, secondary, or tertiary ({H. {#. ) ,
depending on the type of carbon to which each is bonded. Those bonded to a primary
carbon are classified as primary hydrogens, those on a secondary carbon are
secondary hydrogens, and those on a tertiary carbon are tertiary hydrogens.

CH; LIIII;,;(|‘JIIf%

|
(a) CH;CHCH,CH,CH, (b) CH:;,—GHE—(F—('JH
CH;CH,
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3.4 What Are Cycloalkanes?

Cycloalkane A saturated hydrocarbon that contains carbon atoms joined to form
aring. (C,H,,)

CH

) 2
HyoC—CHy _“/(Jk\l? , I L;..(J’/ a1 I,
| or HyG CHy  or y | or
HyC—CHy \ HyC CHy
HoC—CHoy 2USN 2
- Cl IE.'
Cyclobutane Cyclopentane Cyclohexane

o RN
1. BERERRIZRBE TR,
2. BRI E G B HIZFBIRHES
3. REHRS, RKARMAFEEREN, (EEVRERIRER)
4. ERRERBSFMYME, NinFEBINFEAHERRECEADIRED.



51

(a) O_< (b) #—<:>7 (c) (d)

1-RREIRIG 1-o8-2-FAE-4-RETER

1-Isopropylcyclopentane 1-Ethyl-2-isopropyl-4-methylcycloheptane
1-3 T E-4-BEK SR —
1-Tert-butyl-4-methylcyclohexane AR TE-11-ZHRER TR

2-Sec-butylcy-1,1-dimethylclobutane



3.5 What Is the IUPAC System of Nomenclature?

a prefix + aninfix + a suffix.

(@) + (PR) + (BR)

1. The prefix shows the number of carbon atoms in the parent chain. Prefixes that
show the presence of 1 to 20 carbon atoms in a chain were given in Table 3.2.

2. The infix shows the nature of the carbon—carbon bonds in the parent chain:

Mature of Carbon-Carbon Bonds in
Infix the Parent Chain

-an- a” Single bDnds kffffp n I“ind Lhﬂl;
double bond the infix refers to the
-en- one or more aoupie ponas T N T TP e

-yn- one or more triple bonds bonds in the parent chain




3. The suffix shows the class of compound to which the substance belongs:

(a)

Suffix Class of Compound
we will learn suffixes for
-8 hydrocarbon
other classes of compounds
-0l alcohol in later chapters
-al aldehyde
-one ketone
-oic acid carboxylic acid
i
CHy=CHCHjy (b) CH3CHy,OH (¢c) CH;CH,CH,CH,COH (d) HC=CH
Propene Ethanol Pentanoic acid Ethyne



a carbon—carbon double bond only carbon-carbon single bonds
(a) propene (b) ethanol
a hydrocarbon \ an alcohol
three carbon atoms two carbon atoms
only carbon—carbon single bonds a carbon—carbon triple bond
(¢) pentanoic acid (d) ethyne
\ a carboxylic acid \ a hydrocarbon

five carbon atoms two carbon atoms
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3.6 What Are the Conformations of Alkanes and Cycloalkanes?

Conformation Any three-dimensional arrangement of atoms in a molecule that
results by rotation about a single bond.

A. Alkanes

Staggered conformation ({3 XFISR) A conformation about a carbon—carbon
single bond in which the atoms on one carbon are as far apart as possible from
the atoms on the adjacent carbon.

in a staggered conformation,
the bonds on adjacent carbons
are as far apart as possible

we rotate along this axis in
the direction shown by the
arrow to get this view and

eventually the “End View” (b)
i ‘ H
5 I H
= @ 2 :65:
: i H
> . H
Side view > End view Newman

Turned almost on end projection



eclipsed conformation (E&SI(f35) A conformation about a carbon—carbon single
bond in which the atoms on one carbon are as close as possible to the atoms on

the adjacent carbon.

Hy

(a) (b) (c)

H H
H H

Side view Turned almost on end Newman projection
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B. Cycloalkanes

Cyclopentane

(a) b) g ? (c)

Angle strain (7

puckering relieves
some of the
torsional strain

>

” o

Planar conformation Puckered envelope conformation

ST

or expanded com

X7J) The strain that arises when a bond angle is either compressed

pared with its optimal value.



Cyclohexane

Chair conformation (#=)

Skeletal model

Ball-and-stick model
viewed from the side

o

Ball-and-stick model
viewed from above



Axial bond (BE3Zf#)

Equatorial bond (E{REE)

H H
Kl H
H H |
H H
- H H

(a) Ball-and-stick model (b) The six equatorial C—H (c) The six axial C—H
showing all 12 hydrogens bonds shown in red bonds shown in blue
FIGURE 3.8

Axis through the
center of the ring

Chair conformation of cyclohexane, showing axial and equatorial C—H bonds.



hydrogen switches from equatorial to axial
upon chair-to-chair interconversion, but
remains pointing upward

(a) (b)

Axial

@ Equatorial

hydrogen switches from axial to equatorial
upon chair-to-chair interconversion, but
remains pointing downward
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Boat conformation (BEEX1A5R)

(a) Chair (b) Boat
Flagpole

interactions

Twist this
carbon up

One set of eclipsed
hydrogen interactions



notice the steric interaction between the
hydrogen of the methyl group and the axial
hydrogens on the cyclohexane ring

The equatorial
methyl group

(a) Equatorial methylcyclohexane

Hydrogens

The axial
methyl group

(b) Axial methylcyclohexane

CH;
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3.7 What Is Cis=Trans Isomerism (Jlifz%4d) in Cycloalkanes?

Cis=trans isomers Isomers that have the same order of attachment of their atoms,but
a different arrangement of their atoms in space, due to the presence of either aring or a
carbon—carbon double bond.

Cis  (Jn) A prefix meaning “on the same side.”
Trans () A prefix meaning“across from.”

CH; CH, CH, H

cis-1,2-Dimethyl- trans-1,2-Dimethyl-
cyclopentane cyclopentane
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7

3

N Z
N % .
( 4

CH.

~J

cis-1,2-Dimethyl- trans-1,2-Dimethyl-
cyclopentane cyclopentane

-




3.8 What Are the Physical Properties of Alkanes and Cycloalkanes?

Physical Properties of Some Unbranched Alkanes

Condensed Melting Boiling *Density of Liquid

Name Structural Formula Point (°C) Point (°C) (g/mL at 0 °C)
methane CH, -182 —164 (a gas)
ethane CH;CH, —-183 —88 (a gas)
propane CH;CH,CH, -190 —42 (a gas)
butane CH;4(CHs)oCH, -138 0 (a gas)
pentane CH4(CHs)sCH,4 —130 36 0.626
hexane CH4(CHs),CH,4 —95 69 0.659
heptane CH4(CHo)5CH;y —90 98 0.684
octane CH3(CHg)sCH;y, —57 126 0.703
nonane CH4(CHy);CH, —51 151 0.718
decane CH3(CH,)3CH; —30 174 0.730
*For comparison, the density of H,0 is 1 g/mL at 4 °C.




the greater the branching,
the lower is the surface

area, causing a decrease in

the dispersion forces and a
decrease in boiling point

PUN

2,2,4-Trimethylpentane
(bp 99 °C)

Dispersion forces &1

JV\/\/\\/’\/\\//

2-Methylheptane
(bp 118 °C)

Octane
(bp 125 °C)



3.9 What Are the Characteristic Reactions of Alkanes?

when balancing equations for combustion reactions of hydrocarbons,
first balance the number of carbons, next balance the number of
hydrogens, then balance the number of oxygens. If the equation is still
not balanced, consider doubling all coefficients on each side of the
equation arrow

1. CH,; + 20, — CO, + 2H,O0 AH°® = —886 k] /mol(—212 kcal /mol)
Methane

CH;CH,CH3 + 50, — 3CO, + 4H,O AH® = —2,220 k] /mol(—530 kcal /mol)
Propane

hv

2. CH, + Cl, —— CH;Cl + HCI B BEI R



W% 6 5 AR B #2- 8wy BB,
%‘ﬂﬁ X5 —> 2X e
RH + Xe¢e ——> Re + HX

&K

Re + X2 . — RX + Xe

\ R. + R. — > R'R



hv
CH;CH,CH; + Cl2 —» CH;CH,CH,CI + CH;CHCH;
I

43% 579
CH
3 hv CH; (Hs
CH3_(|3_H + C12 — > CH3—C—C1 + CH3_C|:_H

36% 64%
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