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CHAPTER 5 Stereoisomers

The physiological effects of the 
image and mirror image of the 
leading bronchodilator albuterol 
are dramatically different. The 
R image increases the bronchial 
airway diameter, whereas the 
S mirror image cancels this 
effect and is a suspected 
in" ammatory agent.

Have you ever looked at yourself in the mirror in the morn-
ing and exclaimed: “That can’t be me!” Well, you were 
right. What you see, your mirror image, is not identical 

with you: You and your mirror image are nonsuperimposable. 
You can demonstrate this fact by trying to shake hands with your 
mirror counterpart: As you reach out with your right hand, your 
mirror image will offer you its left hand! We shall see that many 
molecules have this property—namely, that image and mirror 
image are nonsuperimposable and therefore not identical. How 
do we classify such structures? Do their functions differ, and if 
so, how?

Because they have the same molecular formula, these mole-
cules are isomers, but of a different kind from those encoun-
tered so far. The preceding chapters dealt with two kinds of 
isomerism: constitutional (also called structural) and stereo 
(Figure 5-1). Constitutional isomerism describes compounds that have identical mole-
cular formulas but differ in the order in which the individual atoms are connected 
(Sections 1-9 and 2-5).
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The physiological effects of the image and mirror
image of the leading bronchodilator albuterol are
dramatically different.

The R image increases the bronchial airway
diameter, whereas the S mirror image cancels this
effect and is a suspected inflammatory agent.



3

They have the same molecular formula, these molecules are isomers.

There are two kinds of isomerism: constitutional (also called structural) and stereo.

Constitutional isomerism describes compounds that have identical molecular formulas but
differ in the order in which the individual atoms are connected
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Stereoisomerism describes isomers whose atoms are connected in the same order but
differ in their spatial arrangement.

Stereoisomers include the relatively stable and isolable cis-trans isomers and the rapidly
equilibrating (and usually not isolable) conformational ones.
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Stereoisomerism describes isomers whose atoms are connected in the same order but 
differ in their spatial arrangement. Examples of stereoisomers include the relatively stable 
and isolable cis-trans isomers and the rapidly equilibrating (and usually not isolable) con-
formational ones (Sections 2-5 through 2-8 and 4-1).
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Figure 5-1 Relations among 
isomers of various types.
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Model Building

Exercise 5-1

Are cyclopropylcyclopentane and cyclobutylcyclobutane isomers?

Exercise 5-2

Draw additional (conformational) stereoisomers of methylcyclohexane. (Hint: Use molecular 
models in conjunction with Figure 4-8.)
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Mirror-image stereoisomerism. Molecules in this class are said to possess “handedness,”
referring to the fact that your left hand is not superimposable on your right hand, yet one
hand can be viewed as the mirror image of the other.
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This chapter introduces another type of stereoisomerism, mirror-image stereoisomerism.
Molecules in this class are said to possess “handedness,” referring to the fact that your left 
hand is not superimposable on your right hand, yet one hand can be viewed as the mirror 
image of the other (Figure 5-2A). In this way, hands are different from objects that are 
superimposable with their mirror images, such as a hammer (Figure 5-2B). The property of 
handedness in molecules is very important in nature, because most biologically relevant 
compounds are either “left-” or “right-handed.” As such, they react differently with each 
other, much as shaking your friend’s right hand is very different from shaking his or her 
left hand. A summary of isomeric relations is depicted in Figure 5-1.

Figure 5-2 (A) Left and right 
hands as models for mirror-image 
stereoisomerism. (B) Image and 
mirror image of a hammer are 
superimposable.

Left hand
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Right hand
Mirror image

Nonsuperimposable
left and right hands

Superimposable image and
mirror image of hammer

A B

Mirror Mirror

How can a molecule exist as two nonsuperimposable mirror images? Consider the radical 
bromination of butane. This reaction proceeds mainly at one of the secondary carbons to 
furnish 2-bromobutane. A molecular model of the starting material seems to show that either 
of the two hydrogens on that carbon may be replaced to give only one form of 2-bromobutane 
(Figure 5-3). Is this really true, however?

5-1 CHIRAL MOLECULES

Model Building
Chiral molecules cannot be superimposed on their mirror images
Look more closely at the 2-bromobutanes obtained by replacing either of the methylene 
hydrogens with bromine. In fact, the two structures are nonsuperimposable and therefore 
not identical (see the following page). The two molecules are related as object and mirror 
image, and to convert one into the other would require the breaking of bonds. A molecule 
that is not superimposable on its mirror image is said to be chiral. Each isomer of the 
image–mirror image pair is called an enantiomer (enantios, Greek, opposite). In our example 
of the bromination of butane, a 1:1 mixture of enantiomers is formed.

Figure 5-3 Replacement of one 
of the secondary hydrogens in 
butane results in two stereoiso-
meric forms of 2-bromobutane.
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The property of handedness in molecules is
very important in nature, because most
biologically relevant compounds are either
“left-” or “right-handed.”

They react differently with each other.
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CHIRAL MOLECULES

Consider the radical bromination of butane. The two hydrogens on that carbon may be
replaced to give only one form of 2-bromobutane.

The two structures are nonsuperimposable and therefore not identical. The two molecules are
related as object and mirror image, and to convert one into the other would require the
breaking of bonds.

A molecule that is not superimposable on its mirror image is said to be chiral.

Each isomer of the image–mirror image pair is called an enantiomer (enantios, Greek,
opposite).
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In contrast with chiral molecules, such as 2-bromobutane, compounds having structures that 
are superimposable on their mirror images are achiral. Examples of chiral and achiral mole-
cules are shown above. The ! rst two chiral structures depicted are enantiomers of each other.

All the chiral examples contain an atom that is connected to four different substitu-
ent groups. Such a nucleus is called an asymmetric atom (e.g., asymmetric carbon) or a 
stereocenter. Centers of this type are sometimes denoted by an asterisk. Molecules with 
one stereocenter are always chiral. (We shall see in Section 5-6 that structures incorporating 
more than one such center need not be chiral.)
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Exercise 5-3

Among the natural products shown in Section 4-7, which are chiral and which are achiral? Give 
the number of stereocenters in each case.
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In contrast with chiral molecules, compounds having structures that are superimposable on
their mirror images are achiral.
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Among the natural products shown in Section 4-7, which are chiral and which are achiral? Give 
the number of stereocenters in each case.

Chiral molecules contain an atom that is connected to four
different substituent groups, called an asymmetric atom (e.g.,
asymmetric carbon) or a stereocenter.

Centers of this type are sometimes denoted by an asterisk.
Molecules with one stereocenter are always chiral.
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The symmetry in molecules helps to distinguish chiral structures from achiral ones

The word chiral is derived from the Greek cheir, meaning “hand” or “handedness.” Human
hands have the mirror-image relation that is typical of enantiomers.

Many chiral objects, such as spiral staircases, do not have stereocenters. The same is true
for many chiral molecules. Remember that the only criterion for chirality is the
nonsuperimposable nature of object and mirror image.

How do we determine whether a molecule is chiral or not? A simpler method is to look for
symmetry in the molecule under investigation: the presence or absence of a plane of
symmetry.

A plane of symmetry (mirror plane) is one that bisects the molecule so that the part of the
structure lying on one side of the plane mirrors the part on the other side.
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always easy to tell. A foolproof way is to construct molecular models of the molecule and its 
mirror image and look for superimposability. However, this procedure is very time consuming. 
A simpler method is to look for symmetry in the molecule under investigation.

For most organic molecules, we have to consider only one test for chirality: the presence 
or absence of a plane of symmetry. A plane of symmetry (mirror plane) is one that bisects the 
molecule so that the part of the structure lying on one side of the plane mirrors the part on the 
other side. For example, methane has six planes of symmetry, chloromethane has three, dichloro-
methane two, bromochloromethane one, and bromochloro! uoromethane none (Figure 5-4).

How do we use this idea to distinguish a chiral molecule from an achiral one? Chiral 
molecules cannot have a plane of symmetry. For example, the " rst four methanes in Figure 5-4 
are clearly achiral because of the presence of a mirror plane. You will be able to classify 
most molecules in this book as chiral or achiral simply by identifying the presence or 
absence of a plane of symmetry.

H

A B C D E

H
H

F

H

H
H

Cl H
ClH

H

H

H

H Cl

Br

Br
Cl

Cl

Plane of symmetry (mirror plane)

Figure 5-4 Examples of planes 
of symmetry: (A) methane has six 
planes of symmetry (incorporating 
the six edges of the tetrahedral 
frame), only one of which is shown; 
(B) chloromethane has three such 
planes, only one of which is shown; 
(C) dichloromethane has only two; 
(D) bromochloromethane only one; 
and (E) bromochloro" uoromethane 
has none. Chiral molecules cannot 
have a plane of symmetry.

Model Building

Exercise 5-4

Draw pictures of the following common achiral objects, indicating the plane of symmetry in each: 
a ball, an ordinary water glass, a hammer, a chair, a suitcase, a toothbrush.

Exercise 5-5

Write the structures of all dimethylcyclobutanes. Specify those that are chiral. Show the mirror planes 
in those that are not.

In Summary A chiral molecule exists in either of two stereoisomeric forms called enan-
tiomers, which are related as object and nonsuperimposable mirror image. Most chiral 
organic molecules contain stereocenters, although chiral structures that lack such centers do 
exist. A molecule that contains a plane of symmetry is achiral.

Our " rst examples of chiral molecules were the two enantiomers of 2-bromobutane. If we 
were to isolate each enantiomer in pure form, we would " nd that we could not distinguish 
between them on the basis of their physical properties, such as boiling points, melting 
points, and densities. This result should not surprise us: Their bonds are identical and so 
are their energy contents. However, when a special kind of light, called plane-polarized 
light, is passed through a sample of one of the enantiomers, the plane of polarization of the 
incoming light is rotated in one direction (either clockwise or counterclockwise). When the 
same experiment is repeated with the other enantiomer, the plane of the polarized light is 
rotated by exactly the same amount but in the opposite direction.

An enantiomer that rotates the plane of light in a clockwise sense as the viewer faces 
the light source is dextrorotatory (dexter, Latin, right), and the compound is (arbitrarily) 
referred to as the (1) enantiomer. Consequently, the other enantiomer, which will effect 
counterclockwise rotation, is levorotatory (laevus, Latin, left) and called the (2) enantiomer. 

5-2 OPTICAL ACTIVITY
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For example, methane has six planes of symmetry, chloromethane has three,
dichloromethane two, bromochloromethane one, and bromochlorofluoromethane none.

How do we use this idea to distinguish a chiral molecule from an achiral one? Chiral
molecules cannot have a plane of symmetry.
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OPTICAL ACTIVITY

If the two enantiomers of 2-bromobutane isolate in pure form, they would not distinguish on
the basis of physical properties: boiling points, melting points, and densities.

Because their bonds are identical and so are their energy contents.
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Model Building

Exercise 5-4

Draw pictures of the following common achiral objects, indicating the plane of symmetry in each: 
a ball, an ordinary water glass, a hammer, a chair, a suitcase, a toothbrush.

Exercise 5-5

Write the structures of all dimethylcyclobutanes. Specify those that are chiral. Show the mirror planes 
in those that are not.

In Summary A chiral molecule exists in either of two stereoisomeric forms called enan-
tiomers, which are related as object and nonsuperimposable mirror image. Most chiral 
organic molecules contain stereocenters, although chiral structures that lack such centers do 
exist. A molecule that contains a plane of symmetry is achiral.

Our " rst examples of chiral molecules were the two enantiomers of 2-bromobutane. If we 
were to isolate each enantiomer in pure form, we would " nd that we could not distinguish 
between them on the basis of their physical properties, such as boiling points, melting 
points, and densities. This result should not surprise us: Their bonds are identical and so 
are their energy contents. However, when a special kind of light, called plane-polarized 
light, is passed through a sample of one of the enantiomers, the plane of polarization of the 
incoming light is rotated in one direction (either clockwise or counterclockwise). When the 
same experiment is repeated with the other enantiomer, the plane of the polarized light is 
rotated by exactly the same amount but in the opposite direction.

An enantiomer that rotates the plane of light in a clockwise sense as the viewer faces 
the light source is dextrorotatory (dexter, Latin, right), and the compound is (arbitrarily) 
referred to as the (1) enantiomer. Consequently, the other enantiomer, which will effect 
counterclockwise rotation, is levorotatory (laevus, Latin, left) and called the (2) enantiomer. 

5-2 OPTICAL ACTIVITY

Rotates plane
of light

clockwise:
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Enantiomers of 2-Bromobutane
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When a plane-polarized light is passed through a sample of one
of the enantiomers, the plane of the incoming light is rotated in
one direction (either clockwise or counter-clockwise).

When the same experiment is repeated with the other
enantiomer, the plane of the polarized light is rotated by exactly
the same amount but in the opposite direction.

An enantiomer rotates the plane of light in a clockwise:
dextrorotatory (dexter, Latin, right), and the other enantiomer
rotates the light in counter-clockwise: levorotatory (laevus, Latin,
left).
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This special interaction with light is called optical activity, and enantiomers are frequently
called optical isomers.

Optical rotation is measured with a polarimeter

Ordinary light can be thought of as bundles of electromagnetic waves that oscillate
simultaneously in all planes perpendicular to the direction of the light beam.

When such light is passed through a material called a polarizer, all but one of these light
waves are “filtered” away, and the resulting beam oscillates in only one plane: plane-
polarized light.

1735 - 2  O p t i c a l  A c t i v i t y C H A P T E R  5

This special interaction with light is called optical activity, and enantiomers are frequently 
called optical isomers.

Optical rotation is measured with a polarimeter
What is plane-polarized light, and how is its rotation measured? Ordinary light can be 
thought of as bundles of electromagnetic waves that oscillate simultaneously in all planes 
perpendicular to the direction of the light beam. When such light is passed through a mate-
rial called a polarizer, all but one of these light waves are “! ltered” away, and the resulting 
beam oscillates in only one plane: plane-polarized light (Figure 5-5).
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(filter)

Plane-polarized
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Figure 5-5 Measuring the optical 
rotation of the (2) enantiomer of 
2-bromobutane with a polarimeter.

When light travels through a molecule, the electrons around the nuclei and in the various 
bonds interact with the electric ! eld of the light beam. If a beam of plane-polarized light is 
passed through a chiral substance, the electric ! eld interacts differently with, say, the “left” 
and “right” halves of the molecule. This interaction results in a rotation of the plane of polar-
ization, called optical rotation; the sample giving rise to it is referred to as optically active.

Optical rotations are measured by using a polarimeter (Figure 5-5). In this instrument, 
light is ! rst plane polarized and subsequently traverses a cell containing the sample. The 
angle of rotation of the plane of polarization is measured by aligning another polarizer—called 
the analyzer—so as to maximize the transmittance of the light beam to the eye of the 
observer. The measured rotation (in degrees) is the observed optical rotation, a, of the 
sample. Its value depends on the concentration and structure of the optically active molecule, 
the length of the sample cell, the wavelength of the light, the solvent, and the temperature. 
To avoid ambiguities, chemists have agreed on a standard value of the speci! c rotation, [a], 
for each compound. This quantity (which is solvent dependent) is de! ned as

Note: The presence of chiral 
molecules in a substance does 
not mean that the sample 
will necessarily exhibit 
optical activity. The material 
must contain an excess of 
one enantiomer of at least 
one chiral compound over 
the other for observation of 
optical activity to be possible.

*The dimensions of [a] are deg cm2 g21, the units (for l 5 1) 1021 deg cm2 g21. (Remember: 1 mL 5 
1 cm3.) Because of their awkward appearance, it is common practice to give [a] without units, in contrast 
with the observed rotation a (degrees). Moreover, for practical reasons of solubility, some reference 
works list c in grams per 100 mL, in which case the observed rotation has to be multiplied by 100.

Speci! c Rotation*

# c

Measured rotation

Concentration
of sample

Length of sample cell

[ ]t°
l

where [a] 5 speci! c rotation
 t 5 temperature in degrees Celsius
 l 5  wavelength of incident light; for a sodium vapor lamp, which is commonly 

used for this purpose, the yellow D emission line (usually indicated simply 
by D) has l 5 589 nm.

 a 5 observed optical rotation in degrees
 l 5 length of sample container in decimeters; its value is frequently 1 (i.e., 10 cm).
 c 5 concentration (grams per milliliter of solution)
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When light travels through a molecule, the electrons around the nuclei and in the various
bonds interact with the electric field of the light beam. If a beam of plane-polarized light is
passed through a chiral substance, the electric field interacts differently with the “left” and
“right” halves of the molecule.

This interaction results in a rotation of the plane of polarization, called optical rotation; the
sample is referred to as optically active.

Optical rotations are measured by using a polarimeter. In this instrument, light is first plane
polarized and subsequently traverses a cell containing the sample. The angle of rotation of
the plane of polarization is measured by aligning another polarizer—called the analyzer—so
as to maximize the transmittance of the light beam to the eye of the observer.

The measured rotation (in degrees) is the observed optical rotation, 𝜶, of the sample. Its
value depends on the concentration and structure of the optically active molecule, the
length of the sample cell, the wavelength of the light, the solvent, and the temperature.
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This special interaction with light is called optical activity, and enantiomers are frequently 
called optical isomers.

Optical rotation is measured with a polarimeter
What is plane-polarized light, and how is its rotation measured? Ordinary light can be 
thought of as bundles of electromagnetic waves that oscillate simultaneously in all planes 
perpendicular to the direction of the light beam. When such light is passed through a mate-
rial called a polarizer, all but one of these light waves are “! ltered” away, and the resulting 
beam oscillates in only one plane: plane-polarized light (Figure 5-5).
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When light travels through a molecule, the electrons around the nuclei and in the various 
bonds interact with the electric ! eld of the light beam. If a beam of plane-polarized light is 
passed through a chiral substance, the electric ! eld interacts differently with, say, the “left” 
and “right” halves of the molecule. This interaction results in a rotation of the plane of polar-
ization, called optical rotation; the sample giving rise to it is referred to as optically active.

Optical rotations are measured by using a polarimeter (Figure 5-5). In this instrument, 
light is ! rst plane polarized and subsequently traverses a cell containing the sample. The 
angle of rotation of the plane of polarization is measured by aligning another polarizer—called 
the analyzer—so as to maximize the transmittance of the light beam to the eye of the 
observer. The measured rotation (in degrees) is the observed optical rotation, a, of the 
sample. Its value depends on the concentration and structure of the optically active molecule, 
the length of the sample cell, the wavelength of the light, the solvent, and the temperature. 
To avoid ambiguities, chemists have agreed on a standard value of the speci! c rotation, [a], 
for each compound. This quantity (which is solvent dependent) is de! ned as

Note: The presence of chiral 
molecules in a substance does 
not mean that the sample 
will necessarily exhibit 
optical activity. The material 
must contain an excess of 
one enantiomer of at least 
one chiral compound over 
the other for observation of 
optical activity to be possible.

*The dimensions of [a] are deg cm2 g21, the units (for l 5 1) 1021 deg cm2 g21. (Remember: 1 mL 5 
1 cm3.) Because of their awkward appearance, it is common practice to give [a] without units, in contrast 
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works list c in grams per 100 mL, in which case the observed rotation has to be multiplied by 100.

Speci! c Rotation*

# c

Measured rotation

Concentration
of sample

Length of sample cell

[ ]t°
l

where [a] 5 speci! c rotation
 t 5 temperature in degrees Celsius
 l 5  wavelength of incident light; for a sodium vapor lamp, which is commonly 

used for this purpose, the yellow D emission line (usually indicated simply 
by D) has l 5 589 nm.

 a 5 observed optical rotation in degrees
 l 5 length of sample container in decimeters; its value is frequently 1 (i.e., 10 cm).
 c 5 concentration (grams per milliliter of solution)

Chemists have agreed on a standard value of the specific rotation, [𝜶], for each compound.
This quantity (which is solvent dependent) is defined as
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The specific rotation of an optically active molecule is a physical constant characteristic of
that molecule, just like its melting point, boiling point, and density.174 S t e r e o i s o m e r sC H A P T E R  5

The speci! c rotation of an optically active molecule is a physical constant characteristic 
of that molecule, just like its melting point, boiling point, and density. Four speci! c rotations 
are recorded in Table 5-1.

Optical rotation indicates enantiomeric composition
As mentioned, enantiomers rotate plane-polarized light by equal amounts but in opposite 
directions. Thus, in 2-bromobutane the (2) enantiomer rotates this plane counterclockwise 
by 23.18, its mirror image (1)-2-bromobutane clockwise by 23.18. It follows that a 1:1 
mixture of (1) and (2) enantiomers shows no rotation and is therefore optically inactive. 
Such a mixture is called a racemic mixture. If one enantiomer equilibrates with its mirror 
image, it is said to undergo racemization. For example, amino acids such as (1)-alanine 
(Table 5-1) have been found to undergo very slow racemization in fossil deposits, resulting 
in reduced optical activity.

The optical activity of a sample of a chiral molecule is directly proportional to the ratio 
of the two enantiomers. It is at a maximum when only one enantiomer is present, and the 
sample is optically pure. It is zero when the two enantiomers are present in equal amounts, 
and the sample is racemic and optically inactive. In practice, one often encounters mixtures 
in which one enantiomer is in excess of the other. The enantiomer excess (ee) tells us by 
how much:

Enantiomer excess (ee) ! % of major enantiomer " % of minor enantiomer

Since a racemate constitutes a 1:1 mixture of the two (ee 5 0), the ee is a measure of 
how much one enantiomer is present in excess of racemate. The ee can be obtained from 
the % optical rotation of such a mixture relative to that of the pure enantiomer, also called 
optical purity:

Table 5-1 Specifi c Rotations of Various Chiral Compounds [A]D
258C

(!)-2-Bromobutane

}& CH3

C

CH2CH3

Br
H

 
223.1

 

CH2CH3

C~(
Br

H

(")-2-Bromobutane

H3C

 
123.1

}
&

CH3

C

H

COOHH2N

(")-2-Aminopropanoic acid
[(")-Alanine]  

18.5
 

(!)-2-Hydroxypropanoic acid
[(!)-Lactic acid]

C~(
CH3

H

HOOC OH

 
23.8

Note: Pure liquid for the haloalkane; in aqueous solution for the acids.

Exercise 5-6

A solution of 0.1 g mL21 of common table sugar (the naturally occurring form of sucrose) in water 
in a 10-cm cell exhibits a clockwise optical rotation of 6.658. Calculate [a]. Does this information 
tell you [a] for the enantiomer of natural sucrose?

N
H

(!)-Coniine

N
H

(")-Coniine

Coniine is the lethal ingredient in 
poison hemlock and the means 
by which Socrates was put to 
death in 399 BC. It exists in the 
plant as a near-racemic mixture, 
with the (more poisonous) (1) 
enantiomer predominating.

Optical Purity and Enantiomer Excess

Enantiomer excess (ee) ! optical purity !
[!]Mixture

[!]Pure enantiomer

# 100%
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Optical rotation indicates enantiomeric composition

A 1:1 mixture of (+) and (-) enantiomers shows no rotation and is therefore optically inactive,
is called a racemic mixture.

If one enantiomer equilibrates with its mirror image, it is said to undergo racemization.

The optical activity of a sample of a chiral molecule is directly proportional to the ratio of the
two enantiomers. When only one enantiomer is present, the sample is optically pure.

It is zero when the two enantiomers are present in equal amounts, and the sample is
racemic and optically inactive.

When one enantiomer, in mixture, is in excess of the other, called enantiomer excess (ee).
The ee can be obtained from the % optical rotation of a mixture relative to that of the pure
enantiomer (optical purity):
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ABSOLUTE CONFIGURATION: R,S SEQUENCE RULES

How do we establish the structure of one pure enantiomer of a chiral compound?

X-ray diffraction can establish the absolute configuration

175C H A P T E R  55 - 3  A b s o l u t e  C o n f i g u r a t i o n :  R , S  S e q u e n c e  R u l e s

In Summary Two enantiomers can be distinguished by their optical activity, that is, their 
interaction with plane-polarized light as measured in a polarimeter. One enantiomer always 
rotates such light clockwise (dextrorotatory), the other counterclockwise (levorotatory) by 
the same amount. The speci! c rotation, [a], is a physical constant possible only for chiral 
molecules. The interconversion of enantiomers leads to racemization and the disappearance 
of optical activity.

Solved Exercise 5-7 Working with the Concepts: Ee and Optical Purity

A solution of (1)-alanine from a fossil exhibits a value of [a] 5 14.25. What is its ee and opti-
cal purity? What is the actual enantiomer composition of the sample, and how is the measured 
optical rotation derived from it?

Strategy
We need to look up what the speci! c rotation of pure (1)-alanine is and then use the preceding 
equation to get the answers.

Solution
• Table 5-1 gives us the speci! c rotation of pure (1)-alanine: 18.5.
• Our equation tells us: Enantiomer excess (ee) 5 optical purity 5 (4.25/8.5) 3 100% 5 50%.
• This means that 50% of the sample is pure (1) isomer and the other 50% is racemic. Because the 

racemic portion consists of equal amounts of (1) and (2) enantiomers, the actual composition 
of the sample is 75% (1)- and 25% (2)-alanine.

• The 25% (2) enantiomer cancels the rotation of a corresponding amount of (1) enantiomer. 
This mixture is therefore 75% 2 25% 5 50% optically pure, and the observed optical rotation is 
one-half that of the pure dextrorotatory enantiomer.

Exercise 5-8 Try It Yourself

What is the optical rotation of a sample of (1)-2-bromobutane that is 75% optically pure? What 
percentages of (1) and (2) enantiomers are present in this sample? Answer the same questions 
for samples of 50% and 25% optical purity.

How do we establish the structure of one pure enantiomer of a chiral compound? And, once 
we know the answer, is there a way to name it unambiguously and distinguish it from its 
mirror image?

5-3 ABSOLUTE CONFIGURATION: R,S SEQUENCE RULES
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H2O
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!!"D
25#C $ "3.8

OH
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(!)-Lactic acid
(Levorotatory)

CH3

C

H

(

OH
CH3

C
(ã

ã

(")-Sodium lactate
(Dextrorotatory)

X-ray diffraction can establish the absolute confi guration
Virtually all the physical characteristics of one enantiomer are identical with those of its 
mirror image, except for the sign of optical rotation. Is there a correlation between the sign 
of optical rotation and the actual spatial arrangement of the substituent groups, the absolute 
con! guration? Is it possible to determine the structure of an enantiomer by measuring its 
[a] value? The answer to both questions is, unfortunately, no. There is no straightforward 
correlation between the sign of rotation and the structure of the particular enantiomer. For 
example, conversion of lactic acid (Table 5-1) into its sodium salt changes the sign (and 
degree) of rotation, even though the absolute con! guration at the stereocenter is unchanged 
(see margin).

Virtually all the physical characteristics of one enantiomer are
identical with those of its mirror image, except for the sign of optical
rotation.

There is no straightforward correlation between the sign of rotation
and the structure of the particular enantiomer.

For example, conversion of lactic acid into its sodium salt changes
the sign (and degree) of rotation, even though the absolute
configuration at the stereocenter is unchanged.


