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Aldehydes and Ketones
Chapter 15

	


Problem-Set Solutions

15.1
A carbonyl group is a carbon atom double bonded to an oxygen atom.



a.
Yes, this molecule contains a carbonyl group.






b.
No, this molecule contains an ether group but not a carbonyl group.



c.
Yes, this molecule contains a carbonyl group.






d.
Yes, this molecule contains a carbonyl group.






e.
No, this molecule contains two ether functional groups, but no carbonyl group.


f.
No, this molecule contains an ether group but not a carbonyl group.


15.2
a.
yes
b.
no
c.
no
d.
yes
e.
no
f.
yes

15.3
The similarity between a carbon-oxygen double bond and a carbon-carbon double bond is that 
both bonds involve four shared electrons. The main difference is that C=O is polar and 
C=C is nonpolar.

	15.4
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15.5
An aldehyde is a carbonyl-containing compound in which the carbonyl carbon has at least one 
hydrogen atom attached directly to it. A ketone is a carbonyl-containing compound in which 
the carbonyl carbon atom has two other carbon atoms directly attached to it.


a.
The compound is neither an aldehyde nor a ketone; it is a carboxylic acid.


b.
The compound is an aldehyde.






c.
The compound is a ketone.






d.
The compound is neither an aldehyde nor a ketone; it is an ether.



e.
The compound is an aldehyde.






f.
The compound is an aldehyde.

15.6
a.
ketone
b.
neither
c.
ketone



d.
aldehyde
e.
aldehyde
f.
aldehyde

15.7
The simplest aldehyde has two hydrogen atoms attached to the carbonyl carbon. The next 
aldehyde has a methyl group and a hydrogen attached to the carbonyl carbon.
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The two simplest ketones have two methyl groups or one methyl and one ethyl group attached
to the carbonyl carbon.
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15.8
The carbonyl carbon in a ketone must be bonded to two other carbons, making three carbons 
the minimum number of carbons.

15.9
In an aldehyde the carbonyl carbon has at least one hydrogen atom attached directly to it. In a 
ketone the carbonyl carbon atom has two other carbon atoms directly attached to it. The 
compounds below are:







a.
neither an aldehyde nor a ketone
b.
an aldehyde




c.
neither an aldehyde nor a ketone
d.
a ketone




e.
a ketone
f.
an aldehyde

15.10
a.
ketone
b.
neither
c.
aldehyde


d.
ketone
e.
neither
f.
ketone

15.11
In naming aldehydes using the IUPAC system, select the parent carbon chain that includes the 
carbon of the carbonyl group. The carbonyl carbon has the number 1 on the chain, but this is 
not specified in the name. Determine the identity and location of any substituents. Use the 
suffix –al.







a.
butanal
b.
2-methylbutanal



c.
4-methylheptanal
d.
3-phenylpropanal



e.
propanal
f.
3,3-dimethylbutanal

15.12
a.
4-methylpentanal
b.
2-ethylbutanal
c.
3-propylhexanal


d.
phenylethanal
e.
3,3-dimethylpentanal
f.
butanal

15.13
In the IUPAC naming system, aldehydes have the suffix –al. The carbonyl carbon is number 1 
on the chain, but this is not specified in the name. Determine the identity and location of any 
substituents.







a.
pentanal
b.
3-methylbutanal



c.
3-methylpentanal
d.
2-ethyl-3-methylpentanal

15.14
a.
propanal
b.
3-methylpentanal



c.
2-ethylbutanal
d.
3,4-dimethylpentanal

15.15
An aldehyde parent chain is numbered with the carbonyl carbon as number 1.
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15.17
There are common names for the first four straight-chain aldehydes: the prefixes form-, acet-, 
propion- and butyr- are used with the suffix –aldehyde. The common name of the compound 
in which an aldehyde group is attached to a benzene ring is benzaldehyde.
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15.19
Common names for the first four straight-chain aldehydes use the prefixes form-, acet-, 
propion- and butyr- and the suffix –aldehyde. The common name of the compound in which 
an aldehyde group is attached to a benzene ring is benzaldehyde.




a.
propionaldehyde
b.
propionaldehyde



c.
butyraldehyde
d.
dichloroacetaldehyde



e.
2-chlorobenzaldehyde
f.
3-chloro-4-hydroxybenzaldehyde

15.20
a.
butyraldehyde
b.
2-methylbutyraldehyde



c.
3-methybutyraldehyde
d.
trichloracetaldehyde



e.
3-bromobenzaldehyde
f.
4-bromo-2-hydroxybenzaldehyde

15.21
In naming ketones with the IUPAC system, select the parent chain that includes the carbon 
of the carbonyl group and number in the way that will give the carbonyl group the lowest 
number. Determine and identify the locations of substituents. The ketone name has the 
suffix –one.







a.
2-butanone
b.
2,4,5-trimethyl-3-hexanone


c.
6-methyl-3-heptanone
d.
2-octanone




e.
1,5-dichloro-3-pentanone
f.
1,1-dichloro-2-butanone

15.22
a.
2-hexanone
b.
3-methyl-2-butanone



c.
5-methyl-3-heptanone
d.
2-bromo-4-chloro-3-pentanone


e.
1,4-dichloro-3-pentanone
f.
4-methyl-3-heptanone

15.23
In naming ketones using the IUPAC system, select the parent chain that includes the carbon 
of the carbonyl group, number it in the way that will give the carbonyl group the lowest 
number, and determine and identify the locations of substituents. The ketone name has the 
suffix –one.







a.
2-hexanone
b.
5-methyl-3-hexanone



c.
2-pentanone
d.
4-ethyl-3-methyl-2-hexanone

15.24
a.
3-hexanone
b.
4-methyl-2-pentanone



c.
3-methyl-2-butanone
d.
3,5-dimethyl-4-heptanone

15.25
Cyclic ketones in which the carbonyl group is part of a five- or six-membered ring are

named as cyclopentanones and cyclohexanones. The carbonyl carbon has the number 1, and 
the ring is numbered to give the lowest possible numbers to the substituents.


a.
cyclohexanone
b.
3-methylcyclohexanone



c.
2-methylcyclohexanone
d.
3-chlorocyclopentanone

15.26
a.
cyclopentanone
b.
3-methylcyclopentanone


c.
2-methylcyclopentanone
d.
2-bromocyclobutanone

15.27
Ketone names use the parent chain that includes the carbon of the carbonyl group. The chain 
is numbered in the way that will give the carbonyl group the lowest number; the substituents 
are numbered relative to the carbonyl group.
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	15.28
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15.29
Common names for ketones are similar to the common names used for ethers with the 
carbonyl group taking the place of the oxygen atom. The alkyl groups are named, and the word 
ketone is added as a separate word: alkyl alkyl ketone or dialkyl ketone. Three ketones have 
additional common names; acetophenone (methyl phenyl ketone) is one of these.
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	15.30
	[image: image43.wmf]
	[image: image44.wmf]

	
	[image: image45.wmf]
	[image: image46.wmf]

	
	[image: image47.wmf]
	[image: image48.wmf]


15.31
a.
Since the chain is saturated and unbranched, and aldehyde groups occur only at the end of a 

chain, there is one heptanal.






b.
Since the chain is saturated and unbranched, there are three possible different locations for 

the carbonyl group of a ketone, and so three possible ketones: 2-heptanone, 3-heptanone, 

and 4-heptanone.

15.32
a.
hexanal
b.
2-hexanone, 3-hexanone

15.33
a.
CH2O – only one aldehyde is possible; no ketones are possible (ketones must have two 


carbon atoms attached to the carbonyl group).






b.
C3H6O – one aldehyde is possible; one ketone is possible.

15.34
a.
one aldehyde, no ketones
b.
two aldehydes, one ketone

15.35
The name x-methyl-3-hexanone is a correct name for x = 2, 4, or 5. The values x = 1 or 6 
would be different parent compounds (and improper designations for a methyl substituent). 
The value x = 3 is impossible (the carbonyl carbon already has four bonds). 

15.36
only one value: x = 2

15.37
One carbon atom of C5H10O belongs to the carbonyl group. This leaves four carbon atoms for 
the alkyl group(s). For the aldehydes, there are four possible R— groups; for the ketones, there 
are three possible combinations of the two ketone R— groups.
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	15.38
	Eight aldehydes:
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	Six ketones:
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15.39
The carbonyl groups in aldehydes and ketones are polar, so dipole-dipole attractions between 
molecules raise the boiling point. Alkanes are nonpolar, and so do not have these attractive 
forces holding them together.

15.40
Dipole-dipole interactions present for aldehydes and ketones are weaker than the hydrogen 
bonds present for alcohols.

15.41
The number of hydrogen bonds that can form between an acetone molecule and water 
molecules is 2. This is shown in Figure 15.7

15.42
2

15.43
You would expect ethanal to be more soluble in water than octanal because octanal’s longer 
nonpolar carbon chain would give the octanal molecule less polar character.

15.44
octanal, because it has a longer carbon chain

15.45
Primary and secondary alcohols can be oxidized, using mild oxidizing agents, to produce 
aldehydes and ketones. 

	
	[image: image70.wmf]
	[image: image71.wmf]

	
	[image: image72.wmf]
	[image: image73.wmf]

	
	[image: image74.wmf]
	[image: image75.wmf]


	15.46
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15.47
Aldehydes and ketones can be produced by the oxidation of primary and secondary alcohols, 
respectively, using mild oxidizing agents.
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15.49
Aldehydes readily undergo oxidation to carboxylic acids.
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15.51
When Tollens solution is added to an aldehyde, Ag+ ion acts as an oxidizing agent to oxidize 
the aldehyde to a carboxylic acid. In the process, Ag+ ion is reduced to silver metal, which 
deposits on the inside of the test tube, forming a silver mirror. The appearance of the silver 
mirror is a positive test for the presence of the aldehyde group.

15.52
appearance of a brick-red precipitate

15.53
The oxidizing agent in Benedict’s solution is Cu2+ ion; when an aldehyde is oxidized, the Cu2+ 
ion becomes Cu+ ion, which precipitates from solution as Cu2O (a brick red solid).

15.54
Ag+ ion

15.55
Tollens reagent reacts with aldehydes because they are easily oxidized to carboxylic acids.

Ketones are not oxidized with Tollens reagent and so do not give a positive test.


a.
No, it does not react; it is a ketone.
b.
Yes, it does react; it is an aldehyde.

c.
Yes, it does react; it is an aldehyde.
d.
No, it does not react; it is a ketone.

15.56
a.
yes
b.
no
c.
no
d.
yes

15.57
Aldehydes and ketones are easily reduced by H2 in the presence of a catalyst to form alcohols. 
The reduction of aldehydes produces primary alcohols, and the reduction of ketones produces 
secondary alcohols.
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	15.58
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15.59
When an alcohol molecule (R—O—H) adds across a carbon-oxygen double bond, the 
fragments of the alcohol are R–O– and H–.

15.60
H–

15.61
In a hemiacetal, a carbon atom is bonded to both a hydroxyl group (—OH) and an alkoxy 
group (—OR).






a.
No, this compound is an ether; there is no hydroxyl group.




b.
Yes, this is a hemiacetal; a carbon atom is bonded to both —OH and —OR.


c.
No, this is not a hemiacetal; the —OH and the —OR are bonded to different carbon atoms.
d.
Yes, this is a hemiacetal; a carbon atom is bonded to both —OH and —OR.


e.
Yes, this is a cyclic hemiacetal; a carbon atom in a ring is bonded to both —OH and —OR.
f.
No, this is not a hemiacetal; there is no —OH.

15.62
a.
no
b.
yes
c.
no
d.
no
e.
no
f.
yes

15.63
Hemiacetal formation is an addition reaction in which a molecule of alcohol adds to the 
carbonyl group of an aldehyde or ketone. The H portion of the alcohol adds to O atom of the 
carbonyl group; the R—O— portion of the alcohol adds to the C atom of the carbonyl group.

	a. 
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	b.
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	c.
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15.65
In the formation of a hemiacetal, a molecule of alcohol adds to the carbonyl group of an 
aldehyde or ketone. The H portion of the alcohol adds to O atom of the carbonyl group; the 
R—O— portion of the alcohol adds to the C atom of the carbonyl group. The structures below 
are the missing compounds in the given equations:
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15.67
An acetal contains a carbon atom bonded to two alkoxy groups (—OR).



a.
Yes, this is an acetal; it contains two identical alkoxy groups bonded to the same carbon 

atom.






b.
Yes, this is an acetal; it contains two different alkoxy groups bonded to the same carbon 

atom.






c.
No, this is not an acetal; it contains one alkoxy group and one hydroxyl group bonded to 

the same carbon, and so is a hemiacetal.






d.
Yes, this is an acetal; it contains two identical alkoxy groups bonded to the same carbon 

atom.

15.68
a.
yes
b.
yes
c.
no
d.
yes

15.69
If a small amount of acid catalyst is added to a hemiacetal reaction mixture, the hemiacetal reacts with a second alcohol molecule in a condensation reaction to form an acetal and water. The structures of the compounds missing from the equations are:
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15.71
In the hydrolysis reaction of an acetal, the acetal splits into three fragments as the elements of 
water (H—and –OH) are added to the compound. The products of the acetal hydrolysis are the 
aldehyde or ketone and the alcohols that originally reacted to form the acetal.  

	
	[image: image134.wmf]

	
	[image: image135.wmf]

	
	[image: image136.wmf]


	15.72
	[image: image137.wmf]

	
	[image: image138.wmf]

	
	[image: image139.wmf]

	
	[image: image140.wmf]


15.73
The names of acetals are based on the word acetal and the name of the aldehyde or ketone that 
formed the acetal, preceded by the names of the alkoxy groups in the acetal.


a.
dimethyl acetal of ethanal
b.
dimethyl acetal of propanone


c.
ethyl methyl acetal of 3-pentanone
d.
dimethyl acetal of pentanal

15.74
a.
dimethyl acetal of propanal
b.
dimethyl acetal of 2-butanone


c.
diethyl acetal of ethanal
d.
diethyl acetal of 3-hexanone

15.75
a.
The name should be propanal. By definition, the carbonyl carbon atom is numbered 1 in 

an aldehyde; the number 1 does not have to specified in the name.



b.
The name should be propanone. There is only one possible location for the carbonyl group 

in propanone; its location does not have to be specified with a number.

15.76
a.
A ketone carbonyl group cannot be on a terminal carbon atom.




b.
It requires a carbon atom with five bonds.







c.
It requires a carbon atom with five bonds.







d.
It requires a carbon atom with five bonds.

15.77
a.
In a hemiacetal, a carbon atom is bonded to both a hydroxyl group (—OH) and an alkoxy 

group (—OR).






b.
An acetal contains a carbon atom bonded to two alkoxy groups (—OR).
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15.79
Cyclic hemiacetal molecules contain an oxygen atom in the ring bonded to a carbon atom, also 
in the ring, that has a hydroxyl substituent.
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15.80
a.
ketone, alkene
b.
aldehyde, alcohol, ether



c.
ketone, alkyne
d.
aldehyde, ketone

15.81
When a compound contains more than one type of functional group, the suffix for only one of 
them can be used as the ending of the name. The functional groups in this problem, ranked in 
order of decreasing priority, are: aldehyde, ketone, alcohol, and alkoxy.



a.
The compound has two functional groups, a ketone and an alcohol; the ketone has priority,

so this compound is named as a ketone.






b.
The compound has two functional groups, a ketone and an aldehyde; the aldehyde has 


priority, so this compound is named as an aldehyde.





c.
The compound has two functional groups: an alcohol and an aldehyde. Since the aldehyde 

has priority, this compound is named as an aldehyde.





d.
The compound has three functional groups: an aldehyde, an alcohol, and a ketone.


Since the aldehyde has priority, this compound is named as an aldehyde.
15.82
c
15.83
The correct answer is c. The IUPAC name for the ketone ethyl propyl ketone is 3-hexanone.

15.84
c

15.85
The correct answer is b. The physical state at room temperature and pressure, for the simplest 
aldehyde and the simplest ketone, is gas and liquid, respectively.

15.86
d

15.87
The correct answer is b. A general method for the preparation of ketones is the oxidation of 
2o 
alcohols.

15.88
c

15.89
The correct answer is c. In a hemiacetal, the hemiacetal carbon atom is bonded to one 
hydroxyl group and one alkoxy group.

15.90
d

15.91
The correct answer is b. The number of organic product molecules produced from the 
complete hydrolysis of an acetal molecule is three (two alcohol molecules and one molecule 
containing the carbonyl functional group).
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