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20.3.1 Stereoisomers

Conformational & Con�gurational Isomers

Iso mers are co mpo unds that have the same mo lecular fo rmula but a di�erent arrangement o f

ato ms

Iso mers can be gro uped into  vario us catego ries, as sho wn:

Flow chart of the various isomers with points to help identify them
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At Standard Level, we enco untered three types o f structural iso mers:

Functio nal gro up iso mers, e.g. pro panal and pro pano ne

Po sitio n iso mers, e.g. pro pan-1−o l and pro pan-2−o l

Branch-chain iso mers, e.g. butane and methylpro pane

If the ato ms within an iso mer are arranged in the same o rder then we are dealing with

stereo iso mers

Stereo iso mers can be co nf o rmatio nal o r co n�guratio nal

Conf ormat ional Isomers

Co nfo rmatio nal iso mers, o r co nf o rmers, o ccur due to  free ro tatio n abo ut a single σ-bo nd and

can be described as:

Staggered

Eclipsed

One o f the simplest examples o f co nfo rmatio nal iso merism is ethane, CH CH

Three-dimensional structure of ethane identifying the bond for conformational isomerism

By lo o king alo ng the C-C bo nd highlighted in the diagram we can draw the two  Newman

pro jectio ns, staggered and eclipsed
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The staggered and eclipsed conformers of ethane

The staggered co nfo rmer has angles between hydro gen ato ms o n adjacent carbo ns o f 60 , as

sho wn

It is also  mo re stable / lo wer energy than the eclipsed co nfo rmer because the C-H bo nds are

as far apart as po ssible to  minimise the repulsio n between the electro ns in the C-H bo nds

The eclipsed co nfo rmer has angles between hydro gen ato ms o n adjacent carbo ns o f 0 , this is

no t sho wn in the diagrams so  that the co nfo rmatio n can be seen

The eclipsed co nfo rmer is less stable / higher energy due to  the repulsio n between the

electro ns in the C-H bo nds that are clo ser to gether

The free ro tatio n that causes these co nfo rmers means that it is easy to  interco nvert fro m o ne

co nfo rmer to  the o ther and back

This is also  the reaso n that it is almo st impo ssible to  iso late a single co nfo rmer

Conf ormat ional Isomerism in Cyclic St ruct ures

Co nfo rmatio nal iso merism can also  be seen in cyclic structures

A co mmo n example o f this is cyclo hexane, C H

Cyclo hexane iso mers exist in bo at and chair fo rms:

Skeletal structures showing the boat and chair forms of cyclohexane

o

o
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The bo at fo rm is less stable / higher energy as there are fo ur eclipsed bo nds causing strain o n the

o verall structure

There is also  repulsio n o f the hydro gen ato ms o n the end o f the bo at structure

It is po ssible to  "�ip" between the bo at and chair fo rms which explains the di�culty in iso lating

just o ne o f the fo rms

During the interco nversio ns, it also  po ssible to  get o ther structures co mmo nly called the half

chair and the twisted bo at

Con�gurat ional Isomers

Interco nversio n o f co n�guratio nal iso mers can o nly o ccur by breaking bo nds o r rearranging

stereo centres

Co n�guratio nal iso mers can be divided into :

cis / trans iso mers and E / Z iso mers

o ptical iso mers
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20.3.2 Cis-Trans & E/Z Isomers

Cis-Trans & E/Z Isomers

Co n�guratio nal iso merism can be seen in unsaturated co mpo unds, cyclic structures o r

co mpo unds that co ntain at least o ne asymmetric carbo n (so metimes called a chiral centre)

These structures have the same mo lecular fo rmula and o rder o f ato ms (the ato ms are

co nnected similarly to  each o ther) but di�erent shapes

As previo usly discussed, these can be gro uped into  further types o f iso mers:

Cis / trans

E / Z

Optical

Exam T ip

Yo u may still see the term geo metric iso mers being used when talking abo ut so me

co n�guratio nal iso mers This was reco mmended by IUPAC but it is no w o bso lete and being

replaced with cis-trans iso mers and E / Z iso mers

Cis / t rans isomers

In saturated co mpo unds, the ato ms / functio nal gro ups attached to  the single, σ-bo nded

carbo ns are no t �xed in their po sitio n due to  the free ro tatio n abo ut the C-C σ-bo nd

This causes co nf o rmatio nal iso mers, as previo usly discussed

In unsaturated co mpo unds, the gro ups attached to  the C=C carbo ns remain �xed in their

po sitio n

This is because free ro tatio n o f the bo nds abo ut the C=C bo nd is no t po ssible due to  the

presence o f a π bo nd

Cis / trans no menclature can be used to  distinguish between the iso mers

Cis iso mers have two  functio nal gro ups o n the same side o f the do uble bo nd / carbo n ring,

i.e. bo th abo ve the C=C bo nd o r bo th belo w the C=C bo nd

Trans iso mers have two  functio nal gro ups o n o ppo site sides o f the do uble bo nd / carbo n

ring, i.e. o ne abo ve and o ne belo w the C=C bo nd
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The presence of a π bond in unsaturated compounds restricts rotation about the C=C bond forcing the

groups to remain �xed in their position and giving rise to the formation of certain con�gurational isomers

Naming cis / t rans isomers

Fo r cis / trans iso mers to  exist, we need two  di�erent ato ms o r gro ups o f ato ms o n either side o f

the C=C bo nd
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This means that 2−methylpro pene canno t have cis / trans iso mers as the methyl gro ups are

bo th o n the same side o f the C=C bo nd:

2−methylpropene molecules do not have cis / trans isomers

Ho wever, mo ving o ne o f the methyl gro ups to  the o ther side o f the C=C bo nd causes cis / trans

iso merism:

But-2−ene does have cis / trans isomers

The ato ms o r gro ups o f ato ms o n either side o f the C=C bo nd do  no t have to  be the same fo r cis

/ trans iso mers:

1−chloroprop-1−ene also shows cis / trans isomerism

Ho wever, the cis / trans naming system starts to  fail o nce we have mo re than o ne ato m o r gro up

o f ato ms o n either side o f the C=C bo nd

The cis / trans naming system can still be used with three ato ms / gro ups o f ato ms but o nly if:
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Two  o f the three ato ms o r gro ups o f ato ms are the same

These two  ato ms o r gro ups o f ato ms are o n o ppo site sides o f the do uble bo nd

1,2−dichloropropene can be named using cis / trans 

The cis / trans naming system canno t be used with three ato ms / gro ups o f ato ms when they

are all di�erent

This requires the use o f the E / Z naming system

1−bromo-2−chloropropene cannot be named using cis / trans 

Exam T ip

Altho ugh no t part o f this to pic, the relatio nship between cis / trans iso mers, their packing and

melting po ints is applicable to  the Optio n B: Bio chemistry to picCis / trans iso merism a�ects the

intermo lecular fo rces by intro ducing a dipo le mo ment between mo lecules, no t just Lo ndo n

dispersio n fo rces. This will a�ect the packing o f the mo lecules as well as physical pro perties

such as melting and bo iling po int

Cyclic cis / t rans isomers

Cis / trans iso merism can also  o ccur in cyclic structures

Even tho ugh cyclic alkanes co ntain single carbo n-carbo n bo nds, the rigid structure o f the

ring system do es no t allo w fo r free ro tatio n
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Therefo re, cis iso mers can o ccur when the ato ms (o r gro ups o f ato ms) are o n the

same side o f the ring, i.e. bo th abo ve o r bo th belo w

While trans iso mers can o ccur when the ato ms (o r gro ups o f ato ms) are o n the

o ppo site side o f the ring, i.e. o ne abo ve and o ne belo w

Cis / trans isomerism in cyclic compounds

E / Z isomers

To  discuss E / Z iso mers, we will use an alkene o f the general fo rmula C R :2 4

Page 9 of 18
For more help visit our website www.exampaperspractice.co.uk



The general alkene, C R

When the gro ups R , R , R  and R  are all di�erent (i.e. R  ≠ R  ≠ R  ≠ R ), we have to  use the E / Z

naming system

This is based o n Cahn-Ingo ld-Prelo g (CIP) prio rity rules

To  do  this, we lo o k at the ato mic number o f the �rst ato m attached to  the carbo n in questio n

The higher the ato mic number; the higher the prio rity

Fo r example, 2−bro mo -1−pro pen-1−o l has fo ur di�erent ato ms o r gro ups o f ato ms attached to

the C=C bo nd

This means that it can have two  di�erent displayed fo rmulae:

2−Bromo-1−propen-1−ol (compounds A and B)

Co mpo und A

Step 1: Apply the CIP prio rity rules

Lo o k at R  and R :

Bro mine has a higher ato mic number than hydro gen so  bro mine has prio rity

Lo o k at R  and R :

Oxygen has a higher ato mic number than carbo n so  o xygen has prio rity

Step 2: Deduce E o r Z

2 4

1 2 3 4 1 2 3 4

1 3

2 4
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E iso mers have the highest prio rity gro ups o n o ppo site sides o f the C=C bo nd, i.e. o ne abo ve

and o ne belo w

The E co mes fro m the German wo rd "entgegen" meaning o ppo site

Z iso mers have the highest prio rity gro ups o n the same side o f the C=C bo nd, i.e. bo th abo ve

o r bo th belo w

The Z co mes fro m the German wo rd "z usammen" meaning to gether

In co mpo und A, the two  highest prio rity gro ups are o n o ppo site sides (abo ve and belo w) the

C=C bo nd

Therefo re, co mpo und A is E-2−bro mo -1−pro pen-1−o l

Co mpo und B

Step 1: Apply the CIP prio rity rules

Lo o k at R  and R :

Bro mine has a higher ato mic number than hydro gen so  bro mine has prio rity

Lo o k at R  and R :

Oxygen has a higher ato mic number than carbo n so  o xygen has prio rity

Step 2: Deduce E o r Z

In co mpo und B, the two  highest prio rity gro ups are o n the same side (bo th belo w) the C=C

bo nd

Therefo re, co mpo und B is Z-2−bro mo -1−pro pen-1−o l

Mo re co mplicated E / Z iso mers

Co mpo und X exhibits E / Z iso merism:

Compound X

Step 1: Apply the CIP prio rity rules

Lo o k at R  and R :

Carbo n is the �rst ato m attached to  the C=C bo nd, o n the left hand side

1 3

2 4

1 3
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Lo o k at R  and R :

Carbo n is the �rst ato m attached to  the C=C bo nd, o n the right hand side

This means that we canno t deduce if co mpo und X is an E o r Z iso mer by applying the CIP

prio rity rules to  the �rst ato m attached to  the C=C bo nd

Therefo re, we no w have to  lo o k at the seco nd ato ms attached

Lo o k again at R  and R :

The seco nd ato ms attached to  R  are hydro gens and ano ther carbo n

The seco nd ato ms attached to  R  are hydro gens and bro mine

We can igno re the hydro gens as bo th R gro ups have hydro gens

Bro mine has a higher ato mic number than carbo n, so  bro mine is the higher prio rity

Therefo re, the CH Br gro up has prio rity o ver the CH CH  gro up

Lo o k again at R  and R :

The seco nd ato ms attached to  R  are hydro gens

The seco nd ato ms attached to  R  are hydro gens and an o xygen

Oxygen has a higher ato mic number than hydro gen, so  o xygen is the higher prio rity

Therefo re, the CH OH gro up has prio rity o ver the CH  gro up

Step 2: Deduce E o r Z

In co mpo und X, the two  highest prio rity gro ups are o n the same side (bo th belo w) the C=C

bo nd

Therefo re, co mpo und X is the Z iso mer

2 4

1 3

1

3

2 3 2

2 4

2

3

2 3
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20.3.3 Optical Isomers

Optical Isomers

Opt ical isomers

A carbo n ato m that has fo ur di�erent ato ms o r gro ups o f ato ms attached to  it is called a chiral

carbo n o r chiral centre

Chira co mes fro m a Greek wo rd meaning hand, so  we talk abo ut these mo lecules having a

handedness

The carbo n ato m is described as being asymmetric, i.e. there is no  plane o f symmetry in the

mo lecule

Co mpo unds with o ne chiral centre (chiral mo lecules) exist as two  o ptical iso mers, also  kno wn as

enantio mers

Just like the left hand canno t be superimpo sed o n the right hand, enantio mers are no n-

superimpo sable

Enantio mers are mirro r images  o f each o ther

A molecule has a chiral centre when the carbon atom is bonded to four di�erent atoms or group of atoms;

this gives rises to enantiomers
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Exam T ip

When drawing o ptical iso mers, always draw mirro r images including wedge and dashed bo nds

Diast ereomers

Diastereo mers are co mpo unds that co ntain mo re than o ne chiral centre

Diastereo mers are no t mirro r images o f each o ther because each chiral carbo n has two

iso mers

This also  means that they have di�erent physical and chemical pro perties

2−bromo-3−chlorobutane exists as a diastereomer due to 2 chiral centres
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Polarimetry

Propert ies of  opt ical isomers

The chemical pro perties o f o ptical iso mers are generally identical, with o ne exceptio n

Optical iso mers interact with bio lo gical senso rs in di�erent ways

Fo r example, o ne enantio mer o f carvo ne smells o f spearmint, while the o ther smells o f

caraway

                         Carvone optical isomers have distinctive smells

Optical iso mers have identical physical pro perties, with o ne exceptio n

Iso mers di�er in their ability to  ro tate the plane o f po larised light

When unpolarised light is passed through a polariser, the light becomes polarised as the waves will

vibrate in one plane only
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The majo r di�erence between the two  enantio mers is:

One enantio mer ro tates plane po larised light in a clo ckwise manner and the o ther in

an anticlo ckwise fashio n

A co mmo n way to  di�erentiate the iso mers is to  use (+) and (-), but there are o ther systems

using d and l, D and L, o r R and S

The ro tatio n o f plane po larised light can be used to  determine the identity o f an o ptical iso mer o f

a single substance

Fo r example, pass plane po larised light thro ugh a sample co ntaining o ne o f the two  o ptical

iso mers o f a single substance

Depending o n which iso mer the sample co ntains, the plane o f po larised light will be ro tated

either clo ckwise o r anti-clo ckwise by a �xed number o f degrees

Each enantiomer rotates the plane of polarised light in a di�erent direction
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Racemic Mixtures

A racemic mixture (o r racemate) is a mixture co ntaining equal amo unts o f each enantio mer

One enantio mer ro tates light clo ckwise, the o ther ro tates light anticlo ckwise

A racemic mixture is o ptically inactive as the enantio mers will cancel o ut each o thers e�ect

This means that the plane o f po larised light will no t change

           Racemic mixtures are optically inactive

Racemic mixtures and drugs

In the pharmaceutical industry, it is much easier to  pro duce synthetic drugs that are racemic

mixtures than pro ducing o ne enantio mer o f the drug

Aro und 56%  o f all drugs in use are chiral and o f tho se 88%  are so ld as racemic mixtures

Separating the enantio mers gives a co mpo und that is described as enantio pure, it co ntains o nly

o ne enantio mer

This separatio n pro cess is very expensive and time co nsuming, so  fo r many drugs it is no t

wo rthwhile, even tho ugh o nly half the o f the drug is pharmaco lo gically active

Fo r example, the pain reliever ibupro fen is so ld as a racemic mixture
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The structure of ibuprofen showing the chiral carbon that is responsible for the racemic mixture produced

in the synthesis of the drug
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