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8. Hydroxy Functional Group: Alcohols
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Ethanol is a member of a large family of compounds called alcohols. The alcohols have
carbon backbones bearing the substituent OH, the hydroxy functional group.

Alcohols may be viewed as derivatives of water in which one hydrogen has been replaced
by an alkyl group. Replacement of the second hydrogen gives an ether.

CHAPTER 8 Hydroxy Functional 
Group: Alcohols

 Properties, Preparation, and
Strategy of Synthesis

The fermentation of the juice 
from crushed grapes produces 
ethanol in wine, in this picture 
from Bulgaria, made the 
traditional way.

What is your ! rst thought when you hear the word “alcohol”? Undoubt-
edly, whether pleasant or not, it is connected in some way to ethanol, 
which is the alcohol in alcoholic beverages. The euphoric effects of 

(limited) ethanol consumption have been known and purposely used for thou-
sands of years. This is perhaps not surprising, because ethanol is naturally 
generated by the fermentation of carbohydrates. For example, the addition 
of yeast to an aqueous sugar solution leads to the evolution of CO2 and the 
formation of ethanol.

C6H12O6

Sugar Ethanol
2 CH3CH2OH 2 CO2!

Yeast enzymes

Fermentation is currently employed on a large scale to supply the vast quantities 
of ethanol needed as a renewable “green” fuel source, so-called bioethanol or, 
as a 10% additive to gasoline, gasohol. A variety of feed stocks, such as sugar 
cane, corn, switchgrass, and straw, can be converted quite ef! ciently to ethanol 
in this way (see Real Life 3-1). Worldwide production in 2012 is estimated at 
40 billion liters.

Ethanol is a member of a large family of compounds called alcohols. This 
chapter introduces you to some of their chemistry. From Chapter 2, we know 
that alcohols have carbon backbones bearing the substituent OH, the hydroxy 
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(An alcohol)

H3C H
OššE H

Methoxymethane
(Dimethyl ether)

(An ether)
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The hydroxy function is readily converted to other functional groups, such
as the C=C double bond in alkenes or the C=O bond in aldehydes and
ketones.

Alcohols are abundant in nature and varied in structure. Simple alcohols
are used as solvents; others aid in the synthesis of more complex
molecules.
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8.1 NAMING THE ALCOHOLS

Alcohols may have both systematic and common names. Systematic nomenclature treats
alcohols as derivatives of alkanes. The ending -e of the alkane is replaced by -ol. Thus, an
alkane is converted into an alkanol.

For example, the simplest alcohol is derived from methane: methanol. Ethanol stems from
ethane, propanol from propane, and so on.

In more complicated, branched systems, the name of the alcohol is based on the longest
chain containing the OH substituent—not necessarily the longest chain in the molecule.

280 H y d r o x y  F u n c t i o n a l  G r o u p :  A l c o h o l s C H A P T E R  8

functional group. Alcohols may be viewed as derivatives of water in which one hydrogen 
has been replaced by an alkyl group. Replacement of the second hydrogen gives an ether 
(Chapter 9). The hydroxy function is readily converted to other functional groups, such as 
the C P C double bond in alkenes (Chapters 7, 9, and 11) or the C P O bond in aldehydes 
and ketones (this chapter and Chapter 17).

Alcohols are abundant in nature and varied in structure (see, e.g., Section 4-7). Simple 
alcohols are used as solvents; others aid in the synthesis of more complex molecules. They 
are a good example of how functional groups shape the structure and function of organic 
compounds.

Our discussion begins with the naming of alcohols, followed by a brief description of 
their structures and other physical properties, particularly in comparison with those of the 
alkanes and haloalkanes. Finally, we examine the preparation of alcohols, which will intro-
duce our ! rst study of strategies for ef! ciently synthesizing new organic compounds.

Ground corn being loaded onto 
a barge on the Mississippi River 
after it has been used for ethanol 
production. This product is known 
as distiller’s grain and constitutes 
commercial feed for cattle.

Like other compounds, alcohols may have both systematic and common names. Systematic 
nomenclature treats alcohols as derivatives of alkanes. The ending -e of the alkane is replaced 
by -ol. Thus, an alkane is converted into an alkanol. For example, the simplest alcohol is 
derived from methane: methanol. Ethanol stems from ethane, propanol from propane, and so 
on. In more complicated, branched systems, the name of the alcohol is based on the longest 
chain containing the OH substituent—not necessarily the longest chain in the molecule.

8-1 NAMING THE ALCOHOLS

To locate positions along the chain, number each carbon atom beginning from the end 
closest to the OH group. The names of other substituents along the chain can then be added 
to the alkanol stem as pre! xes. Complex alkyl appendages are named according to the 
IUPAC rules for hydrocarbons (Section 2-6), and enantiomers according to the R,S rules 
(Section 5-4). When there is more than one hydroxy substituent along the alkane stem, the 
molecule is called a diol, triol, and so on.

Cyclic alcohols are called cycloalkanols. Here the carbon carrying the functional group 
automatically receives the number 1.

When named as a substituent, the OH group is called hydroxy. This occurs when a functional 
group taking higher precedence, such as in hydroxycarboxylic acids, is present (see margin 
structure). Like haloalkanes, alcohols can be classi! ed as primary, secondary, or tertiary.
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To locate positions along the chain, number each carbon atom beginning from the end
closest to the OH group. The names of other substituents along the chain can then be
added to the alkanol stem as prefixes.

When there is more than one hydroxy substituent along the alkane stem, the molecule is
called a diol, triol, and so on.

Cyclic alcohols are called cycloalkanols. Here the carbon carrying the functional group
automatically receives the number 1.
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functional group. Alcohols may be viewed as derivatives of water in which one hydrogen 
has been replaced by an alkyl group. Replacement of the second hydrogen gives an ether 
(Chapter 9). The hydroxy function is readily converted to other functional groups, such as 
the C P C double bond in alkenes (Chapters 7, 9, and 11) or the C P O bond in aldehydes 
and ketones (this chapter and Chapter 17).
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alkanes and haloalkanes. Finally, we examine the preparation of alcohols, which will intro-
duce our ! rst study of strategies for ef! ciently synthesizing new organic compounds.
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When named as a substituent, the OH group is called hydroxy. This occurs when a
functional group taking higher precedence, such as in hydroxycarboxylic acids, is present.

Like haloalkanes, alcohols can be classified as primary, secondary, or tertiary.

In common nomenclature, the name of the alkyl group is followed by the word alcohol,
written separately. Common names are found in the older literature; although it is best not
to use them, we should be able to recognize them.

2818 - 2  S t r u c t u r a l  a n d  P h y s i c a l  P r o p e r t i e s  o f  A l c o h o l s C H A P T E R  8

In common nomenclature, the name of the alkyl group is followed by the word alcohol, 
written separately. Common names are found in the older literature; although it is best not 
to use them, we should be able to recognize them.

   CH3 CH3
  A A
  CH3CH CH3COH
  A A
 CH3OH OH CH3

 Methyl alcohol Isopropyl alcohol tert-Butyl alcohol

In Summary Alcohols can be named as alkanols (IUPAC) or alkyl alcohols. In IUPAC 
nomenclature, the name is derived from the chain bearing the hydroxy group, whose posi-
tion is given the lowest possible number.

RCH2OH
A primary alcohol

H

RCR!

OH

A secondary alcohol

A

A

R"

RCR!

OH

A tertiary alcohol

A

A

Exercise 8-1

Draw the structures of the following alcohols: (a) (S)-3-methyl-3-hexanol; (b) trans-2-
bromocyclopentanol; (c) 2,2-dimethyl-1-propanol (neopentyl alcohol).

Exercise 8-2

Name the following compounds.

(a) 
A

CH3CHCH2CHCH3

CH3
A
OH

 (b) CH3CH2

OH)

)
 (c) Cl

Br

OH

The hydroxy functional group strongly shapes the physical characteristics of the alcohols. 
It affects their molecular structure and allows them to enter into hydrogen bonding. As a 
result, it raises their boiling points and increases their solubilities in water.

The structure of alcohols resembles that of water
Figure 8-1 shows how closely the structure of methanol resembles those of water and of 
methoxymethane (dimethyl ether). In all three, the bond angles re! ect the effect of electron 
repulsion and increasing steric bulk of the substituents on the central oxygen. Although it is 
not strictly correct (see Exercise 1-17), you can think of the oxygen as sp3 hybridized, as in 
ammonia and methane (Section 1-8), with nearly tetrahedral bond angles around the hetero-
atom. The two lone electron pairs are then placed into two nonbonding sp3 hybrid orbitals.

The O–H bond is considerably shorter than the C–H bond, in part because of the high 
electronegativity of oxygen relative to that of carbon. Remember that electronegativity 
(Table 1-2) determines how tightly nuclei hold all their surrounding electrons, including the 
bonding electrons. Consistent with this bond shortening is the order of bond strengths: 
DH8O–H 5 104 kcal mol21 (435 kJ mol21); DH8C–H 5 98 kcal mol21 (410 kJ mol21).

The electronegativity of oxygen causes an unsymmetrical distribution of charge in 
alcohols. This effect polarizes the O–H bond so that the hydrogen has a partial positive 
charge and gives rise to a molecular dipole (Section 1-3), similar to that observed for water. 

8-2 STRUCTURAL AND PHYSICAL PROPERTIES OF ALCOHOLS
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charge and gives rise to a molecular dipole (Section 1-3), similar to that observed for water. 

8-2 STRUCTURAL AND PHYSICAL PROPERTIES OF ALCOHOLS
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8.2 STRUCTURAL AND PHYSICAL PROPERTIES OF ALCOHOLS

The hydroxy functional group affects their molecular structure and allows them to enter into
hydrogen bonding. It raises their boiling points and increases their solubilities in water.

The structure of alcohols resembles that of water

The structure of methanol resembles those of water and of methoxymethane (dimethyl
ether). In all three, the bond angles reflect the effect of electron repulsion and increasing
steric bulk of the substituents on the central oxygen. The two lone electron pairs are then
placed into two nonbonding sp3 hybrid orbitals.

The O–H bond is considerably shorter than the C–H bond, because of the high
electronegativity of oxygen relative to that of carbon. The electronegativity determines how
tightly nuclei hold all their surrounding electrons, including the bonding electrons.

Consistent with this bond shortening is the order of bond strengths: DHoO–H = 104 kcal mol-1
(435 kJ mol-1); DHoC–H = 98 kcal mol-1 (410 kJ mol-1).
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The consequences of polarization are seen clearly in the electrostatic potential maps of water 
and methanol.

O
H H

Molecular
dipole

D D O
CH3 H

D D

Molecular
dipole

Bond and Molecular Dipoles of Water and Methanol

Hydrogen bonding raises the boiling points and water 
solubilities of alcohols
In Section 6-1 we invoked the polarity of the haloalkanes to explain why their boiling points 
are higher than those of the corresponding nonpolar alkanes. The polarity of alcohols is 
similar to that of the haloalkanes. Does this mean that the boiling points of haloalkanes and 
alcohols correspond? Inspection of Table 8-1 shows that they do not: Alcohols have unusu-
ally high boiling points, much higher than those of comparable alkanes and haloalkanes.

The explanation lies in hydrogen bonding. Hydrogen bonds may form between the oxy-
gen atoms of one alcohol molecule and the hydroxy hydrogen atoms of another. Alcohols 
build up an extensive network of these interactions (Figure 8-2). Although hydrogen bonds 
are longer and much weaker DH8 !  526 kcal mol21 (21225 kJ mol21) than the covalent 
O–H linkage (DH8 5 104 kcal mol21), so many of them form that their combined strength 
makes it dif! cult for molecules to escape the liquid. The result is a higher boiling point.

Figure 8-1 The similarity in structure of water, methanol, and methoxymethane.
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111.7°108.9°

1.10 Å0.96 Å

Water

O O O

Methanol Methoxymethane

0.96 Å

1.10 Å
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1.43 Å

Water clusters in the gas phase 
have been analyzed by physical 
chemists. This picture (courtesy of 
Professor Richard Saykally) shows 
the lowest-energy structure of the 
water hexamer against a back-
ground of the structure of ice. The 
yellow lines depict hydrogen 
bonds.

Table 8-1 Physical Properties of Alcohols and Selected Analogous Haloalkanes and Alkanes

   Melting Boiling Solubility
Compound IUPAC name Common name point (8C) point (8C) in H2O at 238C

CH3OH Methanol Methyl alcohol 297.8 65.0 In! nite
CH3Cl Chloromethane Methyl chloride 297.7 224.2 0.74 g/100 mL
CH4 Methane  2182.5 2161.7 3.5 mL (gas)/100 mL
CH3CH2OH Ethanol Ethyl alcohol 2114.7 78.5 In! nite
CH3CH2Cl Chloroethane Ethyl chloride 2136.4 12.3 0.447 g/100 mL
CH3CH3 Ethane  2183.3 288.6 4.7 mL (gas)/100 mL
CH3CH2CH2OH 1-Propanol Propyl alcohol 2126.5 97.4 In! nite
CH3CH2CH3 Propane  2187.7 242.1 6.5 mL (gas)/100 mL
CH3CH2CH2CH2OH 1-Butanol Butyl alcohol 289.5 117.3 8.0 g/100 mL
CH3(CH2)4OH 1-Pentanol Pentyl alcohol 279 138 2.2 g/100 mL
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Figure 8-1 The similarity in structure of water, methanol, and methoxymethane.
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Water clusters in the gas phase 
have been analyzed by physical 
chemists. This picture (courtesy of 
Professor Richard Saykally) shows 
the lowest-energy structure of the 
water hexamer against a back-
ground of the structure of ice. The 
yellow lines depict hydrogen 
bonds.

Table 8-1 Physical Properties of Alcohols and Selected Analogous Haloalkanes and Alkanes

   Melting Boiling Solubility
Compound IUPAC name Common name point (8C) point (8C) in H2O at 238C

CH3OH Methanol Methyl alcohol 297.8 65.0 In! nite
CH3Cl Chloromethane Methyl chloride 297.7 224.2 0.74 g/100 mL
CH4 Methane  2182.5 2161.7 3.5 mL (gas)/100 mL
CH3CH2OH Ethanol Ethyl alcohol 2114.7 78.5 In! nite
CH3CH2Cl Chloroethane Ethyl chloride 2136.4 12.3 0.447 g/100 mL
CH3CH3 Ethane  2183.3 288.6 4.7 mL (gas)/100 mL
CH3CH2CH2OH 1-Propanol Propyl alcohol 2126.5 97.4 In! nite
CH3CH2CH3 Propane  2187.7 242.1 6.5 mL (gas)/100 mL
CH3CH2CH2CH2OH 1-Butanol Butyl alcohol 289.5 117.3 8.0 g/100 mL
CH3(CH2)4OH 1-Pentanol Pentyl alcohol 279 138 2.2 g/100 mL

The electronegativity of oxygen causes an unsymmetrical distribution of charge in alcohols.
This effect polarizes the O–H bond so that the hydrogen has a partial positive charge and
gives rise to a molecular dipole, similar to that observed for water.
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Hydrogen bonding raises the boiling points and water solubilities of alcohols

Alcohols have unusually high boiling points, much higher than those of comparable alkanes
and haloalkanes. The explanation lies in hydrogen bonding.

Hydrogen bonds may form between the oxygen atoms of one alcohol molecule and the
hydroxy hydrogen atoms of another. Alcohols build up an extensive network of these
interactions.

Although hydrogen bonds are longer and much weaker DH8 = 5-6 kcal mol-1 (21-25 kJ mol-
1) than the covalent O–H linkage (DHo = 104 kcal mol-1), so many of them form that their
combined strength makes it difficult for molecules to escape the liquid. The result is a higher
boiling point.

The effect is even more pronounced in water, which has two hydrogens available for
hydrogen bonding.
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The effect is even more pronounced in water, which has two hydrogens available for 
hydrogen bonding (see Figure 8-2). This phenomenon explains why water, with a molecular 
weight of only 18, has a boiling point of 1008C. Without this property, water would be a gas 
at ordinary temperatures. Considering the importance of water in all living organisms, imagine 
how the absence of liquid water would have affected the development of life on our planet.

Hydrogen bonding in water and alcohols is responsible for another property: Many 
alcohols are appreciably water soluble (Table 8-1). This behavior contrasts with that of the 
nonpolar alkanes, which are poorly solvated by this medium. Because of their characteris-
tic insolubility in water, alkanes are said to be hydrophobic (hydro, Greek, water; phobos, 
Greek, fear). So are most alkyl chains. The hydrophobic effect has its origin in two 
phenomena. First, dissolution of alkyl chains in water requires breaking up the hydrogen-
bonded network of the solvent. Second, the alkyl moieties can self-aggregate by London 
forces (Section 2-7).

In contrast to the hydrophobic behavior of alkyl groups, the OH group and other polar 
substituents, such as COOH and NH2, are hydrophilic: They enhance water solubility.

As the values in Table 8-1 show, the larger the alkyl (hydrophobic) part of an alcohol, 
the lower its solubility in water. At the same time, the alkyl group increases the solubility of 
the alcohol in nonpolar solvents (Figure 8-3). The “water-like” structure of the lower alcohols, 
particularly methanol and ethanol, makes them excellent solvents for polar compounds and 
even salts. It is not surprising, then, that alcohols are popular protic solvents in the SN2 
reaction (Section 6-8).

Figure 8-2 Hydrogen bonding in 
an aqueous solution of methanol. 
The molecules form a complex 
three-dimensional array, and only 
one layer is depicted here. Pure 
water (as, for example, in ice) 
tends to arrange itself in cyclic 
hexamer units (screen at the top 
left); pure small alcohols prefer a 
cyclic tetramer structure (screen at 
the bottom right).
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Water
hexamer
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Figure 8-3 The hydrophobic and hydrophilic parts of methanol and 1-pentanol (space-! lling 
models). The polar functional group dominates the physical properties of methanol: The mole-
cule is completely soluble in water but only partially so in hexane. Conversely, the increased size 
of the hydrophobic part in 1-pentanol leads to in! nite solubility in hexane but reduced solubility 
in water (Table 8-1).

Methanol 1-Pentanol

OO

Alcohol Chain Length and 
Antimicrobial Activity

Alcohols show biological 
activity that is strongly 
dependent on chain length. For 
example, their potency against 
black food mold reaches a 
maximum at 1-undecanol:
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It appears that at that point 
the hydrophobic alkyl group 
is optimal for penetrating the 
equally hydrophobic cell wall 
through attractive London 
forces.
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Hydrogen bonding in water and alcohols is responsible for another property: Many alcohols
are appreciably water soluble.

This behavior contrasts with that of the nonpolar alkanes, which are poorly solvated by this
medium. Because of their characteristic insolubility in water, alkanes are said to be
hydrophobic (hydro, Greek, water; phobos, Greek, fear).

The hydrophobic effect has its origin in two phenomena: (1) dissolution of alkyl chains in
water requires breaking up the hydrogen-bonded network of the solvent, (2) the alkyl
moieties can self-aggregate by London forces.

In contrast to the hydrophobic behavior of alkyl groups, the OH group and other polar
substituents, such as COOH and NH2, are hydrophilic: They enhance water solubility.
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The consequences of polarization are seen clearly in the electrostatic potential maps of water 
and methanol.
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H H

Molecular
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D D O
CH3 H

D D

Molecular
dipole

Bond and Molecular Dipoles of Water and Methanol

Hydrogen bonding raises the boiling points and water 
solubilities of alcohols
In Section 6-1 we invoked the polarity of the haloalkanes to explain why their boiling points 
are higher than those of the corresponding nonpolar alkanes. The polarity of alcohols is 
similar to that of the haloalkanes. Does this mean that the boiling points of haloalkanes and 
alcohols correspond? Inspection of Table 8-1 shows that they do not: Alcohols have unusu-
ally high boiling points, much higher than those of comparable alkanes and haloalkanes.

The explanation lies in hydrogen bonding. Hydrogen bonds may form between the oxy-
gen atoms of one alcohol molecule and the hydroxy hydrogen atoms of another. Alcohols 
build up an extensive network of these interactions (Figure 8-2). Although hydrogen bonds 
are longer and much weaker DH8 !  526 kcal mol21 (21225 kJ mol21) than the covalent 
O–H linkage (DH8 5 104 kcal mol21), so many of them form that their combined strength 
makes it dif! cult for molecules to escape the liquid. The result is a higher boiling point.

Figure 8-1 The similarity in structure of water, methanol, and methoxymethane.

104.5°

109° 109.5°

111.7°108.9°

1.10 Å0.96 Å

Water

O O O

Methanol Methoxymethane

0.96 Å

1.10 Å

1.41 Å
1.43 Å

Water clusters in the gas phase 
have been analyzed by physical 
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Professor Richard Saykally) shows 
the lowest-energy structure of the 
water hexamer against a back-
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Table 8-1 Physical Properties of Alcohols and Selected Analogous Haloalkanes and Alkanes

   Melting Boiling Solubility
Compound IUPAC name Common name point (8C) point (8C) in H2O at 238C

CH3OH Methanol Methyl alcohol 297.8 65.0 In! nite
CH3Cl Chloromethane Methyl chloride 297.7 224.2 0.74 g/100 mL
CH4 Methane  2182.5 2161.7 3.5 mL (gas)/100 mL
CH3CH2OH Ethanol Ethyl alcohol 2114.7 78.5 In! nite
CH3CH2Cl Chloroethane Ethyl chloride 2136.4 12.3 0.447 g/100 mL
CH3CH3 Ethane  2183.3 288.6 4.7 mL (gas)/100 mL
CH3CH2CH2OH 1-Propanol Propyl alcohol 2126.5 97.4 In! nite
CH3CH2CH3 Propane  2187.7 242.1 6.5 mL (gas)/100 mL
CH3CH2CH2CH2OH 1-Butanol Butyl alcohol 289.5 117.3 8.0 g/100 mL
CH3(CH2)4OH 1-Pentanol Pentyl alcohol 279 138 2.2 g/100 mL

As the values in Table 8-1 show, the larger the alkyl (hydrophobic) part of an alcohol, the
lower its solubility in water. At the same time, the alkyl group increases the solubility of the
alcohol in nonpolar solvents.

The “water-like” structure of the lower alcohols, particularly methanol and ethanol, makes
them excellent solvents for polar compounds and even salts. It is not surprising that
alcohols are popular protic solvents in the SN2 reaction.
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8.3 ALCOHOLS AS ACIDS AND BASES

Many applications of the alcohols depend on their ability to act both as acids and as bases.
Thus, deprotonation gives alkoxide ions. Its structure affects pKa values.

The lone electron pairs on oxygen render alcohols basic as well, and protonation results in
alkyloxonium ions.

The acidity of alcohols resembles that of water

The acidity of alcohols in water is expressed by the equilibrium constant K.

Making use of the constant concentration of water (55 mol L-1), we derive a new equilibrium
constant Ka.
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In Summary The oxygen in alcohols (and ethers) is tetrahedral and sp3 hybridized. The 
covalent O–H bond is shorter and stronger than the C–H bond. Because of the electro-
negativity of the oxygen, alcohols exhibit appreciable molecular polarity, as do water and 
ethers. The hydroxy hydrogen enters into hydrogen bonding with other alcohol molecules. 
These properties lead to a substantial increase in the boiling points and in the solubilities 
of alcohols in polar solvents relative to those of the alkanes and haloalkanes.

Many applications of the alcohols depend on their ability to act both as acids and as bases. 
(See the review of these concepts in Section 2-3.) Thus, deprotonation gives alkoxide ions. 
We shall see how structure affects pKa values. The lone electron pairs on oxygen render 
alcohols basic as well, and protonation results in alkyloxonium ions.

The acidity of alcohols resembles that of water
The acidity of alcohols in water is expressed by the equilibrium constant K.

Alkoxide
ion

H3O  !RO  " !HRO H2O!
K ššðO ðšš šš

Making use of the constant concentration of water (55 mol L21; Section 2-3), we derive a 
new equilibrium constant Ka.

Ka ! K[H2O] !
[H3O

" ][RO# ]
[ROH]

 mol L#1, and pKa ! #log Ka

Table 8-2 lists the pKa values of several alcohols. A comparison of these values with those 
given in Table 2-2 for mineral and other strong acids shows that alcohols, like water, are fairly 
weak acids. Their acidity is far greater, however, than that of alkanes and haloalkanes.

Why are alcohols acidic, whereas alkanes and haloalkanes are not? The answer lies in 
the relatively strong electronegativity of the oxygen to which the proton is attached, which 
stabilizes the negative charge of the alkoxide ion.

To drive the equilibrium between alcohol and alkoxide to the side of the conjugate base, 
it is necessary to use a base stronger than the alkoxide formed (i.e., a base derived from a 
conjugate acid weaker than the alcohol; see also Section 9-1). An example is the reaction 
of sodium amide, NaNH2, with methanol to furnish sodium methoxide and ammonia.

H ššðð ðOš šš

Sodium
amide

Sodium
methoxide

Na! "  NH2
pKa ! 35

CH3O  " Na! NH3CH3O

pKa ! 15.5 

!
K

!

This equilibrium lies well to the right (K < 1035215.5 5 1019.5), because methanol is a much 
stronger acid than is ammonia, or, conversely, because amide is a much stronger base than 
is methoxide.

8-3 ALCOHOLS AS ACIDS AND BASES

Alcohol 
(ethanol) 
consumption, 
particularly 

when excessive, may lead to 
the burning sensation in the 
chest that is called 
“heartburn.” This condition is 
not due to the acidity of 
ethanol, but rather to 
increased production of 
stomach acid. It is 
exacerbated by the relaxation 
of the lower esophageal 
sphincter, a valve that 
normally prevents stomach 
contents from moving up into 
the esophagus (“acid re! ux”).

Really

Table 8-2 pKa Values of Alcohols in Water

Compound pKa Compound pKa

HOH 15.7 ClCH2CH2OH 14.3
CH3OH 15.5 CF3CH2OH 12.4
CH3CH2OH 15.9 CF3CH2CH2OH 14.6
(CH3)2CHOH 17.1 CF3CH2CH2CH2OH 15.4
(CH3)3COH 18
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In Summary The oxygen in alcohols (and ethers) is tetrahedral and sp3 hybridized. The 
covalent O–H bond is shorter and stronger than the C–H bond. Because of the electro-
negativity of the oxygen, alcohols exhibit appreciable molecular polarity, as do water and 
ethers. The hydroxy hydrogen enters into hydrogen bonding with other alcohol molecules. 
These properties lead to a substantial increase in the boiling points and in the solubilities 
of alcohols in polar solvents relative to those of the alkanes and haloalkanes.

Many applications of the alcohols depend on their ability to act both as acids and as bases. 
(See the review of these concepts in Section 2-3.) Thus, deprotonation gives alkoxide ions. 
We shall see how structure affects pKa values. The lone electron pairs on oxygen render 
alcohols basic as well, and protonation results in alkyloxonium ions.

The acidity of alcohols resembles that of water
The acidity of alcohols in water is expressed by the equilibrium constant K.

Alkoxide
ion
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Making use of the constant concentration of water (55 mol L21; Section 2-3), we derive a 
new equilibrium constant Ka.

Ka ! K[H2O] !
[H3O

" ][RO# ]
[ROH]

 mol L#1, and pKa ! #log Ka

Table 8-2 lists the pKa values of several alcohols. A comparison of these values with those 
given in Table 2-2 for mineral and other strong acids shows that alcohols, like water, are fairly 
weak acids. Their acidity is far greater, however, than that of alkanes and haloalkanes.

Why are alcohols acidic, whereas alkanes and haloalkanes are not? The answer lies in 
the relatively strong electronegativity of the oxygen to which the proton is attached, which 
stabilizes the negative charge of the alkoxide ion.

To drive the equilibrium between alcohol and alkoxide to the side of the conjugate base, 
it is necessary to use a base stronger than the alkoxide formed (i.e., a base derived from a 
conjugate acid weaker than the alcohol; see also Section 9-1). An example is the reaction 
of sodium amide, NaNH2, with methanol to furnish sodium methoxide and ammonia.
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This equilibrium lies well to the right (K < 1035215.5 5 1019.5), because methanol is a much 
stronger acid than is ammonia, or, conversely, because amide is a much stronger base than 
is methoxide.

8-3 ALCOHOLS AS ACIDS AND BASES

Alcohol 
(ethanol) 
consumption, 
particularly 

when excessive, may lead to 
the burning sensation in the 
chest that is called 
“heartburn.” This condition is 
not due to the acidity of 
ethanol, but rather to 
increased production of 
stomach acid. It is 
exacerbated by the relaxation 
of the lower esophageal 
sphincter, a valve that 
normally prevents stomach 
contents from moving up into 
the esophagus (“acid re! ux”).

Really

Table 8-2 pKa Values of Alcohols in Water

Compound pKa Compound pKa

HOH 15.7 ClCH2CH2OH 14.3
CH3OH 15.5 CF3CH2OH 12.4
CH3CH2OH 15.9 CF3CH2CH2OH 14.6
(CH3)2CHOH 17.1 CF3CH2CH2CH2OH 15.4
(CH3)3COH 18
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In Summary The oxygen in alcohols (and ethers) is tetrahedral and sp3 hybridized. The 
covalent O–H bond is shorter and stronger than the C–H bond. Because of the electro-
negativity of the oxygen, alcohols exhibit appreciable molecular polarity, as do water and 
ethers. The hydroxy hydrogen enters into hydrogen bonding with other alcohol molecules. 
These properties lead to a substantial increase in the boiling points and in the solubilities 
of alcohols in polar solvents relative to those of the alkanes and haloalkanes.

Many applications of the alcohols depend on their ability to act both as acids and as bases. 
(See the review of these concepts in Section 2-3.) Thus, deprotonation gives alkoxide ions. 
We shall see how structure affects pKa values. The lone electron pairs on oxygen render 
alcohols basic as well, and protonation results in alkyloxonium ions.

The acidity of alcohols resembles that of water
The acidity of alcohols in water is expressed by the equilibrium constant K.

Alkoxide
ion

H3O  !RO  " !HRO H2O!
K ššðO ðšš šš

Making use of the constant concentration of water (55 mol L21; Section 2-3), we derive a 
new equilibrium constant Ka.

Ka ! K[H2O] !
[H3O

" ][RO# ]
[ROH]

 mol L#1, and pKa ! #log Ka

Table 8-2 lists the pKa values of several alcohols. A comparison of these values with those 
given in Table 2-2 for mineral and other strong acids shows that alcohols, like water, are fairly 
weak acids. Their acidity is far greater, however, than that of alkanes and haloalkanes.

Why are alcohols acidic, whereas alkanes and haloalkanes are not? The answer lies in 
the relatively strong electronegativity of the oxygen to which the proton is attached, which 
stabilizes the negative charge of the alkoxide ion.

To drive the equilibrium between alcohol and alkoxide to the side of the conjugate base, 
it is necessary to use a base stronger than the alkoxide formed (i.e., a base derived from a 
conjugate acid weaker than the alcohol; see also Section 9-1). An example is the reaction 
of sodium amide, NaNH2, with methanol to furnish sodium methoxide and ammonia.
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This equilibrium lies well to the right (K < 1035215.5 5 1019.5), because methanol is a much 
stronger acid than is ammonia, or, conversely, because amide is a much stronger base than 
is methoxide.

8-3 ALCOHOLS AS ACIDS AND BASES
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(ethanol) 
consumption, 
particularly 

when excessive, may lead to 
the burning sensation in the 
chest that is called 
“heartburn.” This condition is 
not due to the acidity of 
ethanol, but rather to 
increased production of 
stomach acid. It is 
exacerbated by the relaxation 
of the lower esophageal 
sphincter, a valve that 
normally prevents stomach 
contents from moving up into 
the esophagus (“acid re! ux”).

Really

Table 8-2 pKa Values of Alcohols in Water

Compound pKa Compound pKa

HOH 15.7 ClCH2CH2OH 14.3
CH3OH 15.5 CF3CH2OH 12.4
CH3CH2OH 15.9 CF3CH2CH2OH 14.6
(CH3)2CHOH 17.1 CF3CH2CH2CH2OH 15.4
(CH3)3COH 18

Table 8-2 lists the pKa values of several alcohols. A comparison of these values with those
for mineral and other strong acids shows that alcohols, like water, are fairly weak acids.
Their acidity is far greater than that of alkanes and haloalkanes.

The relatively strong electronegativity of the oxygen to the proton stabilizes the negative
charge of the alkoxide ion.
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To drive the equilibrium between alcohol and alkoxide to the side of the conjugate base, it is
necessary to use a base stronger than the alkoxide formed (i.e., a base derived from a
conjugate acid weaker than the alcohol):
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Table 8-2 lists the pKa values of several alcohols. A comparison of these values with those 
given in Table 2-2 for mineral and other strong acids shows that alcohols, like water, are fairly 
weak acids. Their acidity is far greater, however, than that of alkanes and haloalkanes.

Why are alcohols acidic, whereas alkanes and haloalkanes are not? The answer lies in 
the relatively strong electronegativity of the oxygen to which the proton is attached, which 
stabilizes the negative charge of the alkoxide ion.

To drive the equilibrium between alcohol and alkoxide to the side of the conjugate base, 
it is necessary to use a base stronger than the alkoxide formed (i.e., a base derived from a 
conjugate acid weaker than the alcohol; see also Section 9-1). An example is the reaction 
of sodium amide, NaNH2, with methanol to furnish sodium methoxide and ammonia.

H ššðð ðOš šš

Sodium
amide

Sodium
methoxide

Na! "  NH2
pKa ! 35

CH3O  " Na! NH3CH3O

pKa ! 15.5 

!
K

!

This equilibrium lies well to the right (K < 1035215.5 5 1019.5), because methanol is a much 
stronger acid than is ammonia, or, conversely, because amide is a much stronger base than 
is methoxide.
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Table 8-2 pKa Values of Alcohols in Water

Compound pKa Compound pKa

HOH 15.7 ClCH2CH2OH 14.3
CH3OH 15.5 CF3CH2OH 12.4
CH3CH2OH 15.9 CF3CH2CH2OH 14.6
(CH3)2CHOH 17.1 CF3CH2CH2CH2OH 15.4
(CH3)3COH 18

This equilibrium lies well to the right (K < 1035-15.5 = 1019.5), because methanol is a much
stronger acid than is ammonia, or, conversely, because amide is a much stronger base
than is methoxide.

It is sometimes sufficient to generate alkoxides in less than stoichiometric equilibrium
concentrations:
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It is sometimes suf! cient to generate alkoxides in less than stoichiometric equilibrium 
concentrations. For this purpose, we may add an alkali metal hydroxide to the alcohol.

pKa ! 15.7

H2O

pKa ! 15.9 

K
H ðOšš Na! "  OHCH3CH2O šš! šš ššðCH3CH2O  " Na! !

With this base present, approximately half of the alcohol exists as the alkoxide, if we assume 
equimolar concentrations of starting materials. If the alcohol is the solvent (i.e., present in 
large excess), however, essentially all of the base exists in the form of the alkoxide.

Steric disruption and inductive effects control 
the acidity of alcohols
Table 8-2 shows an almost million-fold variation in the acidity of the alcohols. A closer 
look at the ! rst column reveals that the acidity decreases (pKa increases) from methanol to 
primary, secondary, and ! nally tertiary systems.

Solved Exercise 8-3 Working with the Concepts: Estimating Acid-Base Equilibria

You want to prepare potassium methoxide by treatment of methanol with KCN. Will this procedure 
work?

Strategy
What: We need to visualize the desired reaction by writing it down.
How: We then add to the equation the pKa values of the acids on each side (consult Table 2-2 

or 6-4, and Table 8-2).
Information: If the pKa of the (conjugate) acid on the right is more than 2 units larger than that 

of methanol on the left, the equilibrium will lie .99% to the right (K . 100).
Proceed:

Solution
• The equilibrium reaction and the associated pKa values are

pKa ! 9.2pKa ! 15.5 

K! CN"CH3OH ! HCNCH3O" K! !

• The pKa of HCN is 6.3 units smaller than that of methanol; it is a much stronger acid.
• The equilibrium will lie to the left; K 5 1026.3. This approach to preparing potassium methoxide 

will not work.

Exercise 8-4 Try It Yourself

Which of the following bases are strong enough to cause essentially complete deprotonation of 
methanol? The pKa of the conjugate acid is given in parentheses.
(a) CH3CH2CH2CH2Li (50); (b) CH3CO2Na (4.7); (c) LiN[CH(CH3)2]2 (LDA, 36);
(d) KH (38); (e) CH3SNa (10).

Relative pKa Values of Alcohols (in Solution)

 CH3OH , primary , secondary , tertiary
 Strongest acid      Weakest acid

 Increasing acidity

This ordering has been ascribed to steric disruption of solvation and to hydrogen bonding 
in the alkoxide (Figure 8-4). Because solvation and hydrogen bonding stabilize the negative 
charge on oxygen, interference with these processes leads to an increase in pKa.

The second column in Table 8-2 reveals another contribution to the pKa of alcohols: The 
presence of halogens increases acidity. Recall that the carbon of the C–X bond is positively 
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Steric disruption and inductive effects control the acidity of alcohols

The acidity decreases (pKa increases) from methanol to primary, secondary, and finally
tertiary systems.

This ordering has been ascribed to steric disruption of solvation and to hydrogen bonding
in the alkoxide, which are stabilized the negative charge on oxygen, interference with these
processes leads to an increase in pKa.286 H y d r o x y  F u n c t i o n a l  G r o u p :  A l c o h o l s C H A P T E R  8

polarized as a result of the high electronegativity of X (Sections 1-3 and 6-1). Electron 
withdrawal by the halogen also causes atoms farther away to be slightly positively charged. 
This phenomenon of transmission of charge, both negative and positive, through the s bonds 
in a chain of atoms is called an inductive effect. Here it stabilizes the negative charge on 
the alkoxide oxygen by electrostatic attraction. The inductive effect in alcohols increases 
with the number of electronegative groups but decreases with distance from the oxygen.

Figure 8-4 The smaller methoxide 
ion is better solvated than is the 
larger tertiary butoxide ion. 
(S 5 solvent molecules).
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Exercise 8-5

Rank the following alcohols in order of increasing acidity.

OH

Cl

Cl

Cl

OH OH OH

Exercise 8-6

Which side of the following equilibrium reaction is favored (assume equimolar concentrations of 
starting materials)?

(CH3)3CO2 1 CH3OH ∆ (CH3)3COH 1 CH3O
2

The lone electron pairs on oxygen make alcohols weakly basic
Alcohols may also be basic, although weakly so. Very strong acids are required to protonate 
the OH group, as indicated by the low pKa values (strong acidity) of their conjugate acids, 
the alkyloxonium ions (Table 8-3). Molecules that may be both acids and bases are called 
amphoteric (ampho, Greek, both).

The amphoteric nature of the hydroxy functional group characterizes the chemical reac-
tivity of alcohols. In strong acids, they exist as alkyloxonium ions, in neutral media as 
alcohols, and in strong bases as alkoxides.

RO  !ROH

Alcohols Are Amphoteric

Strong acid

Mild base

Alkyloxonium
ion

Alcohol Alkoxide
ion

Strong base

Mild acid
š" š"ðR

H

H

O
"

O
i

f
ð

Table 8-3
pKa Values of 
Four Protonated 
Alcohols

Compound pKa

CH3O
!

H2 22.2

CH3CH2O
!

H2 22.4

(CH3)2CHO
!

H2 23.2

(CH3)3CO
!

H2 23.8

2858 - 3  A l c o h o l s  a s  A c i d s  a n d  B a s e s C H A P T E R  8

It is sometimes suf! cient to generate alkoxides in less than stoichiometric equilibrium 
concentrations. For this purpose, we may add an alkali metal hydroxide to the alcohol.

pKa ! 15.7

H2O

pKa ! 15.9 

K
H ðOšš Na! "  OHCH3CH2O šš! šš ššðCH3CH2O  " Na! !

With this base present, approximately half of the alcohol exists as the alkoxide, if we assume 
equimolar concentrations of starting materials. If the alcohol is the solvent (i.e., present in 
large excess), however, essentially all of the base exists in the form of the alkoxide.

Steric disruption and inductive effects control 
the acidity of alcohols
Table 8-2 shows an almost million-fold variation in the acidity of the alcohols. A closer 
look at the ! rst column reveals that the acidity decreases (pKa increases) from methanol to 
primary, secondary, and ! nally tertiary systems.

Solved Exercise 8-3 Working with the Concepts: Estimating Acid-Base Equilibria

You want to prepare potassium methoxide by treatment of methanol with KCN. Will this procedure 
work?

Strategy
What: We need to visualize the desired reaction by writing it down.
How: We then add to the equation the pKa values of the acids on each side (consult Table 2-2 

or 6-4, and Table 8-2).
Information: If the pKa of the (conjugate) acid on the right is more than 2 units larger than that 

of methanol on the left, the equilibrium will lie .99% to the right (K . 100).
Proceed:

Solution
• The equilibrium reaction and the associated pKa values are

pKa ! 9.2pKa ! 15.5 

K! CN"CH3OH ! HCNCH3O" K! !

• The pKa of HCN is 6.3 units smaller than that of methanol; it is a much stronger acid.
• The equilibrium will lie to the left; K 5 1026.3. This approach to preparing potassium methoxide 

will not work.

Exercise 8-4 Try It Yourself

Which of the following bases are strong enough to cause essentially complete deprotonation of 
methanol? The pKa of the conjugate acid is given in parentheses.
(a) CH3CH2CH2CH2Li (50); (b) CH3CO2Na (4.7); (c) LiN[CH(CH3)2]2 (LDA, 36);
(d) KH (38); (e) CH3SNa (10).

Relative pKa Values of Alcohols (in Solution)

 CH3OH , primary , secondary , tertiary
 Strongest acid      Weakest acid

 Increasing acidity

This ordering has been ascribed to steric disruption of solvation and to hydrogen bonding 
in the alkoxide (Figure 8-4). Because solvation and hydrogen bonding stabilize the negative 
charge on oxygen, interference with these processes leads to an increase in pKa.

The second column in Table 8-2 reveals another contribution to the pKa of alcohols: The 
presence of halogens increases acidity. Recall that the carbon of the C–X bond is positively 


