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Problem-Set Solutions

13.1
All bonds in saturated hydrocarbons are single bonds. An unsaturated hydrocarbon is a 
hydrocarbon in which one or more carbon-carbon multiple bonds (double bonds, triple bonds, 
or both) are present.






a.
This is an unsaturated hydrocarbon; it is an alkene with one double bond.


b.
This is a saturated hydrocarbon.






c.
This is an unsaturated hydrocarbon; it is an alkene with one double bond.


d.
This is an unsaturated hydrocarbon; it is a diene, an alkene with two double bonds.

e.
This is an unsaturated hydrocarbon; it is a triene, an alkene with three double bonds.

f.
This is an unsaturated hydrocarbon; it is a diene, an alkene with two double bonds.

13.2
a.
unsaturated, diene







b.
unsaturated, alkene with one double bond







c.
unsaturated, alkene with one double bond







d.
unsaturated, triene







e.
unsaturated, alkene with one double bond







f.
unsaturated, diene

13.3
a.
An acyclic hydrocarbon with four carbon atoms and no multiple bonds is an alkane; it has

the molecular formula C4H10.






b.
An acyclic hydrocarbon with five carbon atoms and one double bond is an alkene; it has

the molecular formula C5H10.






c.
A cyclic hydrocarbon with five carbon atoms and one double bond is a cycloalkene; it has

the molecular formula C5H8.






d.
A cyclic hydrocarbon with seven carbon atoms and two double bonds is a cycloalkadiene; 

it has the molecular formula C7H10.

13.4
a.
C6H10
b.
C6H8
c.
C5H10
d.
C8H8
13.5
To determine the formula of a cyclic and/or unsaturated hydrocarbon, begin with the formula 
CnH2n+2 for the saturated hydrocarbon and subtract two hydrogens if a ring is formed and two 
hydrogens for each double bond.






a.
A cycloalkene with one double bond will have the general molecular formula CnH2n–2.

b.
An alkadiene will have the general molecular formula CnH2n–2.




c.
A diene will have the general molecular formula CnH2n–2.




d.
A cycloalkatriene will have the general molecular formula CnH2n–6.

13.6
a.
CnH2n–4
b.
CnH2n
c.
CnH2n–4
d.
CnH2n–4
13.7
To name alkenes, choose the longest continuous chain of carbon atoms containing the double 
bond(s) as the parent chain, number the chain from the end that will give the lowest number to 
the double bond, and use the suffix –ene. Multiple double bonds are denoted by the prefixes 
di- and tri-.







a.
2-butene
b.
2,4-dimethyl-2-pentene



c.
cyclohexene
d.
1,3-cyclopentadiene



e.
2-ethyl-1-pentene
f.
2,4,6-octatriene

13.8
a.
2-pentene
b.
3-methyl-2-pentene



c.
cyclobutene
d.
5-methyl-1,3-cyclohexadiene


e.
2-ethyl-1-butene
f.
2,4-heptadiene

13.9
To name alkenes, choose the longest continuous chain of carbon atoms containing the double 
bond(s) as the parent chain, number the chain from the end that will give the lowest number to 
the double bond, and use the suffix –ene. Multiple double bonds are denoted by the prefixes 
di- and tri-.







a.
2-pentene
b.
pentane





c.
2,3,3-trimethyl-1-butene
d.
2-methyl-1,4-pentadiene


e.
1,3,5-hexatriene
f.
2,3-pentadiene

13.10
a.
1,3-pentadiene
b.
2-butene




c.
2-methyl-1-butene
d.
2-methyl-1,3,5-hexatriene


e.
1-pentene
f.
2,5-dimethyl-1,5-hexatriene

13.11
Condensed structural formulas for unsaturated hydrocarbons are drawn in the same way as 
those for saturated hydrocarbons. The number denoting the double bond is assigned to the first 
carbon atom of the double bond.
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	13.12
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13.13
a.
The correct name is 3-methyl-3-hexene; the parent carbon chain is the longest continuous 

chain of carbon atoms that contains both carbon atoms of the double bond.


b.
The correct name is 2,3-dimethyl-2-hexene; the parent carbon chain is numbered at the end 

nearest the double bond.






c.
The correct name is 1,3-cyclopentadiene; in cycloalkenes with more than one double bond 

within the ring, one double bond is assigned the numbers 1 and 2 and the other double 


bonds the lowest possible number.






d.
The correct name is 4,5-dimethylcyclohexene; in substituted cycloalkenes with only one 

double bond, no number is needed to locate the double bond.


13.14
a.
4-methyl-1-pentene
b.
3-methyl-1,3-pentadiene


c.
1-methylcyclopentene
d.
3,4-dimethylcyclohexene

13.15
Constitutional isomers have the same molecular formula but differ in the order in which atoms 
are connected to each other. Alkenes have more isomers than alkanes because in addition to 
skeletal isomers (different carbon-chain and hydrogen atom arrangements), they can also form 
positional isomers (the same carbon-chain arrangement, but different locations of hydrogen 
atoms and functional groups). 
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	13.16
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	      1,2-hexadiene                               1,3-hexadiene                                   1,4-hexadiene
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	      1,5-hexadiene                               2,3-hexadiene                                   2,4-hexadiene
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	3-methyl-1,2-pentadiene               4-methyl-1,2-pentadiene                 2-methyl-1,3-pentadiene
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	3-methyl-1,3-pentadiene               4-methyl-1,3-pentadiene                2-methyl-1,4-pentadiene
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	3-methyl-1,4-pentadiene               2-methyl-2,3-pentadiene              2,3-dimethyl-1,3-butadiene
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	2-ethyl-1,3-butadiene


13.17
The molecules in parts a., b., and c. do not have cis-trans isomers. For cis-trans isomers to 
exist, each of the two carbons of the double bond must have two different groups attached 

to it.


The molecules in parts d., e., and f. do have cis-trans isomers because each of the two carbons 
of each double bond has two different groups attached to it.
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13.18
a.
no







b.
no
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13.19
When naming alkenes, choose the longest continuous chain of carbon atoms containing the 
double bond(s) as the parent chain, number the chain from the end that will give the lowest 
number to the double bond, and use the suffix –ene. If both carbon atoms of the double bond 
bear two different attachments, cis-trans isomerism is possible; use cis- (on the same side) or 
trans (across) as a prefix at the beginning of the name.





a.
cis-2-pentene
b.
trans-1-bromo-2-iodoethene


c.
tetrafluoroethene
d.
2-methyl-2-butene

13.20
a.
chloroethene
b.
cis-1,2-dibromoethene



c.
trans-2-butene
d.
1,1-dibromoethene

13.21
In a cis-isomer, both of the double bond substituents are on the same side of the double bond; 
in a trans-isomer, the two double bond substituents are on opposite sides of the double bond.
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	13.22
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13.23
Pheromones are compounds used by insects (and some animals) to transmit messages to other 
members of the same species.

13.24
a compound whose carbon skeleton can be divided into two or more units that are identical to 
the carbon skeleton of isoprene

13.25
The number of carbon atoms in a terpene is always a multiple of 5 because isoprene, the 
building block for terpenes, contains 5 carbon atoms.

13.26
Splitting of a beta-carotene molecule produces two vitamin A molecules.

13.27
Figure 13.7 gives a physical state summary for unbranched 1-alkenes and unsubstituted 
cycloalkenes with one double bond at room temperature and pressure.



a.
Propene is a gas.
b.
1-Pentene is a liquid.



c.
1-Octene is a liquid.
d.
Cyclopentene is a liquid.

13.28
a.
false
b.
false
c.
false
d.
false

13.29
An addition reaction is a reaction in which atoms or groups of atoms are added to each carbon
atom of a carbon-carbon multiple bond.







a.
Yes, this reaction is an addition reaction; a chlorine atom is added to each carbon atom of 

the double bond.







b.
No, this reaction is not an addition reaction; one chlorine atom is substituted for one of the

hydrocarbon’s hydrogen atoms.







c.
Yes, this is an addition reaction; a hydrogen atom and a chlorine atom are added, one to 

each of the two carbon atoms of the double bond.





d.
No, this is not an addition reaction; four atoms of hydrogen are eliminated from the 


hydrocarbon.

13.30
a.
yes
b.
no
c.
no
d.
yes

13.31
The addition of H2 to a double bond requires the presence of a catalyst, Ni.
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13.33
Markovnikov’s rule states that when an unsymmetrical molecule of the form HQ adds to an 
unsymmetrical alkene, the hydrogen atom from the HQ becomes attached to the unsaturated
carbon atom that already has the most hydrogen atoms. You will need to apply this rule in 
parts b. and d. of this problem.
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13.35
In these reactions, the two atoms of the molecule being added are attached to the two carbons 
of the double bond. In part f., the molecule being added is H2O; a hydrogen atom adds to one 
carbon atom and a hydroxyl group to the other. Apply Markovnikov’s rule in parts b. and c.
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13.37
All of the compounds can be prepared by addition reactions to cyclohexane. Analyze the 
compounds to see which atoms have been added to the double bond. Additions of H2 and H2O 
require the presence of a catalyst.







a.
Br2
b.
H2 + Ni catalyst




c.
HCl
d.
H2O + H2SO4 catalyst

13.38
a.
H2 + Ni catalyst
b.
H2O + H2SO4 catalyst



c.
Cl2
d.
HBr

13.39
One molecule of H2 gas will react with each double bond in the molecule.



a.
Two molecules of H2 gas react with the two double bonds per molecule.


b.
Two molecules of H2 gas react with the two double bonds per molecule.


c.
Two molecules of H2 gas react with the two double bonds per molecule.


d.
Three molecules of H2 gas react with the three double bonds per molecule.


13.40
a.
1
b.
1
c.
3
d.
3

13.41
The addition polymers are made by addition of monomers to themselves to form a long chain.
The double bond of the monomer changes to a single bond in the polymer. Analyze each 
polymer to identify the unsaturated monomer that could form the polymer by addition to
itself. The polymer in part b. has one double bond per unit, which means that the monomer 
must have two double bonds.
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13.43
In the formation of an addition polymer, the double bond of the monomer changes to a single 
bond in the polymer as the monomer adds to itself.
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13.45
IUPAC rules for naming alkynes (hydrocarbons with one or more carbon-carbon triple bonds) 
are identical to the rules for naming alkenes, except that the ending used is –yne rather  
than –ene. 







a.
1-hexyne
b.
4-methyl-2-pentyne



c.
2,2-dimethyl-3-heptyne
d.
1-butyne




e.
3-methyl-1,4-hexadiyne
f.
3,3-dimethyl-1-pentyne

13.46
a.
3-methyl-1-butyne
b.
2-butyne




c.
2,5-dimethyl-3-hexyne
d.
4-methyl-1-hexyne



e.
1,3-butadiyne
f.
3-ethyl-1-hexyne

13.47
IUPAC rules for naming alkynes (hydrocarbons with one or more carbon-carbon triple bonds) 
are identical to the rules for naming alkenes; the ending used is –yne.
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13.49
Addition reactions in alkynes are similar to those in alkenes, except that two molecules of a 
specific reagent can add to the triple bond. In the reactions below, four atoms of two molecules 
are attached to the two carbons of the triple bond. In parts d. and f., only one molecule is 
added. Apply Markovnikov’s rule in parts c., d. and f., since molecules with the form HQ are 
added in those parts.
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13.51
The IUPAC system of naming monosubstituted benzene derivatives uses the name of the 
substituent as a prefix to the name benzene. When two substituents are attached to a benzene 
ring, we specify the positions of the substituents, in alphabetical order, by using numbers as 
prefixes; the first substituent is 1, the second is numbered relative to the first. 


A few monosubstituted benzenes have particular names: methylbenzene is toluene, and the 
substituents are numbered with relation to the methyl group.


a.
1,3-dibromobenzene
b.
1-chloro-2-fluorobenzene


c.
1-chloro-4-fluorobenzene
d.
3-chlorotoluene




e.
1-bromo-2-ethylbenzene
f.
4-bromotoluene

13.52
a.
1-bromo-4-fluorobenzene
b.
1-ethyl-3-propylbenzene


c.
1,2-diethylbenzene
d.
1,2-xylene




e.
3-bromotoluene
f.
4-isopropyltoluene

13.53
A second IUPAC system of naming is the prefix naming system which uses ortho- (1,2 
disubstitution), meta- (1,3 disubstitution), and para- (1,4 disubstitution). These may be 
abbreviated in the name of the compound as o-, m-, and p-.


a.
m-dibromobenzene
b.
o-chlorofluorobenzene



c.
p-chlorofluorobenzene
d.
m-chlorotoluene



e.
o-bromoethylbenzene
f.
p-bromotoluene

13.54
a.
p-bromofluorobenzene
b.
m-ethylpropylbenzene



c.
o-diethylbenzene
d.
o-xylene




e.
m-bromotoluene
f.
p-isopropyltoluene

13.55
When more than two substituents are present on the benzene ring, their positions are indicated 
with numbers; the ring is numbered in such a way as to obtain the lowest possible numbers for 
the carbon atoms that have substituents.







a.
2,4-dibromo-1-chlorobenzene
b.
3-bromo-5-chlorotoluene


c.
1-bromo-3-chloro-2-fluorobenzene
d.
1,4-dibromo-2,5-dichlorobenzene

13.56
a.
1-ethyl-3,5-diiodobenzene
b.
4-ethyl-3-propyltoluene



c.
2,3,5-trichloro-1-propylbenzene
d.
1,2-dibromo-4,5-dichlorobenzene

13.57
Sometimes a benzene ring is treated as a substituent on a carbon chain. In this case the 
substituent is called phenyl-.







a.
2-phenylbutane
b.
3-phenyl-1-butene



c.
3-methyl-1-phenylbutane
d.
2,4-diphenylpentane

13.58
a.
3-phenylpentane
b.
1,3-diphenylbutane



c.
3-phenyl-1-butyne
d.
2-methyl-4-phenylpentane

13.59
In writing structural formulas, a six-membered ring with a circle inside denotes benzene or a
phenyl- group.
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13.61
The only reactions that alkanes undergo are substitution and combustion. Alkenes undergo

addition reactions to the double bonds. Aromatic compounds undergo substitution reactions 
rather than addition reactions. 






a.
Alkanes undergo substitution reactions.






b.
Dienes (two double bonds) undergo addition reactions.





c.
Alkylbenzenes undergo substitution reactions.






d.
Cycloalkenes undergo addition reactions.

13.62
a.
addition
b.
substitution
c.
substitution
d.
substitution

13.63
Each of these three reactions involves substitution on an aromatic ring. 



a.
The reagent used for bromination of an aromatic ring is Br2 (in the presence of a FeBr3 


catalyst).
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	Benzene and an alkyl chloride, in the presence of an aluminum chloride catalyst, undergo a substitution reaction, alkylation.



c.
An alkyl group on a benzene ring can be produced by a substitution reaction on 

benzene with an alkyl bromide and AlBr3 as a catalyst; the alkyl halide in this case is 

CH3—CH2—Br.

	13.64
	a.  HCl
	b.  CH3–Br
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13.65
a.
An alkene must contain at least two carbon atoms and one double bond; the simplest alkene 

has the formula C2H4.






b.
A cycloalkane must contain at least three carbon atoms; the simplest cycloalkene with one 

multiple bond is C3H4.






c.
An alkyne must contain at least two carbon atoms and one triple bond; the simplest alkyne 

with one multiple bond (triple bond) is C2H2.






d.
The simplest alkane is CH4.

13.66
a.
more
b.
more
c.
more
d.
same number

13.67
a.
No, propene and cyclopropene are not structural isomers; they have different molecular 

formulas.






b.
Yes, 1-pentene and 2-pentene are structural isomers; these are positional isomers because 

the functional group is in a different location in the carbon chain.



c.
No, cis-2-butene and trans-2-butene are not structural isomers; the two isomers have the 

same carbon atoms and hydrogen atoms attached to one another, but due to restricted 


rotation about the double bond, the arrangement of the parts of the molecule are different.
d.
Yes, cyclobutene and 2-butyne are structural isomers; they are constitutional isomers 


having different carbon-chain arrangements.

13.68
a.
All have six carbon atoms.







b.
Cyclohexane has 12 hydrogen atoms; cyclohexene has 10 hydrogen atoms, and benzene 

has 6 hydrogen atoms.







c.
Cyclohexane and benzene undergo substitution; cyclohexene undergoes addition.

d.
All are liquids.

13.69
Condensed structural formulas for unsaturated hydrocarbons are drawn in the same way as 
those for saturated hydrocarbons. The number denoting the double or triple bond is assigned to 
the first carbon atom of the double or triple bond.
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13.70
a.
two
b.
one
c.
two
d.
one
e.
two
f.
four

13.71
Some alkenyl groups (hydrocarbon substituents containing a double bond) have common 
names that are used frequently. Structures and names for these groups are given in 
Section 13.3.
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13.72
It would require a carbon atom that formed five bonds.

13.73
Cis-trans isomerism is not possible for disubstituted benzenes because benzene is a flat 
molecule; that is, all its atoms are in the same plane. When two chlorine atoms replace 
hydrogen atoms to form 1,2-dichlorobenzene, the substituent chlorine atoms are also in the 
plane of the benzene ring. 
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13.75
Of the 9 carbon atoms in C9H12, 6 carbon atoms belong to the benzene ring. This leaves 3 
carbon atoms for the alkyl groups substituted on the benzene ring. These carbons can be 
distributed as three methyl groups, one methyl group and one ethyl group, or a propyl group
(two different types). The eight isomeric substituted benzenes are: 1,2,3-trimethylbenzene; 
1,2,4-trimethylbenzene; 1,3,5-trimethylbenzene; 2-ethyltoluene; 3-ethyltoluene; 


4-ethyltoluene; propylbenzene; isopropylbenzene.

13.76
a.
3
b.
3
c.
11
d.
3

13.77
The incorrect compound is c. Cyclopropane is a saturated hydrocarbon.




13.78
d

13.79
The correct answer is b. The number of carbon atoms present in a vinyl group is two.

13.80
a

13.81
The correct answer is b. Cis-trans isomerism is possible for 1,3-dichloro-1-propene.

13.82
a

13.83
The correct answer is b. Methyl groups are present as attachments to the addition polymer 
polypropylene.


[image: image135.wmf]C

C

C

H

3

H

H

H

n

p

o

l

y

p

r

o

p

y

l

e

n

e


13.84
c

13.85
The correct answer is c. Meta- and 1,3- both designate the same arrangement of substituents
on a benzene ring.

13.86
a
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