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Understandings: 

1. Explain the different classes of isomers.  

- Isomerism can be defined as a group of molecules with same molecular formula but in 

different arrangements. It can be divided into sub-categories.  

Isomerism 

Stereoisomerism    Structural isomerism 

Configurational isomerism   Conformational isomerism 

E/Z and Cis/Trans isomerism  Optical isomerism 

So we should know what these actually are.  

Structural isomerism is about two-dimensional differences. So, primary, secondary and 

tertiary would contribute to structural isomerism. The position of functional group would 

also contribute to structural isomerism. These differences are easy to represent in 2D.  

Stereoisomerism deals with three-dimensional differences. There are two branches of 

stereoisomerism.  

Conformational isomerism is an isomer that can change its 3D structure by rotating a carbon 

bond. Thus conformational isomerism has to have single bonds, or sigma bonds.  

Configurational isomerism is an isomer that can change its 3D structure by only breaking a 

carbon bond. Thus configurational isomer has to have double bonds or more. Double bonds 

and higher bonds cannot be rotated unless it breaks, therefore the structure is permanent.  

What we will do from now on is to explain different kinds of configurational isomerism.  

2. Explain cis-trans isomers and E/Z isomers, and distinguish them.  

- Cis-trans isomers apply when there are two of one type of molecule, and two of another 

type of molecule. We say that a molecule is cis when the molecules are on the same side, 

and trans when the molecules are in their opposite side (transverse side). Always try to look 

for the molecules that are not H.  

In a linear molecule like alkene: This is very easy to identify. Just look if the two identical 

molecules are on the same side or not! Example, cis-1,2-chloroethene.   

In a cyclic molecule: This is also easy to identify. Look if the two identical molecules are 

pointing up or pointing down. If both are pointing up, it is cis. If they point in different 

directions, it is trans. An important note is that the identified molecules do not have to be 

next to each other. It is only the direction that matters. Example, trans-1,5-cyclopentane 
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Now, cis-trans isomers do not always apply. What if there are more than two different types 

of molecules? Heck, what if all the molecules attached on carbon are different? Well, in that 

case, we have to learn a bit of German. It is E/Z isomers and E = entgegen = against and Z= 

zuzammen = together. The way we determine is by mass. The two largest molecules are the 

determinants.  

In a linear molecule like alkene: The principal is the same as cis-trans. If the two largest 

molecules are on the same side, we can say for instance (Z)-1-bromo-2-ethyl-butene.  

In a cyclic molecule: Again, the principle is the same.  

3. Explain optical isomerism and chirality.  

- Optical isomers are isomers that do not have double bonds or cyclic, but still can have 

different structure. Optical isomers are called optical because they were first discovered by 

sending polarized light. More will be explained later.  

A carbon with four different bonds is known as a chiral/asymmetric/stereo center and it has 

an ability to form an optical isomer. An example is its mirror version. 

 

 

 

 

 

When we cannot arrange them by rotating, they are called to be non-superimposable. But 

please understand that the word chiral is a general term that is not specifically used in 

chemistry. For example, our hands are chiral too! So know that we know that certain 

molecules may have a chiral center, we can play around with them bit more.  

4. Explain the traits of an optically active compound and explain what it is meant by 

enantiomers and diastereomers.  

- A chiral molecule will always be optically active. This is then because chiral molecules have 

the ability to rotate a polarized light, and a polarized light is a filtered light that only 

oscillates in one plane.  

Enantiomers and diastereomers are more specific terms within optical isomers. Both have 

chiral centers, but it is a matter of how many. The molecules that are purely enantiomers 

always have one chiral center because then they are restricted to have only two optical 

isomers.  
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Nevertheless, diastereomers have at least two chiral centers. These molecules can form 

enantiomers and diastereomers. Diastereomers are not mirror images of each other like 

enantiomers. Here is a picture to illustrate the relationship between enantiomers and 

diastereomers.  

 

 

 

 

 

 

 

 

 

5. Explain a racemic mixture (or racemate). 

- A racemic mixture is a mixture of the two enantiomers of a chiral in equal amounts. In 

terms of polarizing, different enantiomers will rotate the light in different directions. An 

enantiomer rotating clockwise is a (+) enantiomer while enantiomer rotating counter-

clockwise is a (-) enantiomer. So a mixture with equally containing enantiomers will be 

optically inactive.  

Apart from the rotation, how else can we distinguish (+) and (-) enantiomers? Well, 

enantiomers react differently to produce different products. Thus after reaction, it is easy to 

separate them. This process of separation is known as resolution. It seems like an arbitrary 

term, but to increase something in resolution is to make things more visible, thus in this case, 

we make enantiomers visible by producing products.  
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Applications and skills: 

1. Be able to construct 3-D models (real or virtual) of a wide range of stereoisomers. 

- This will be done in your class (if you have a decent teacher).  

2. Be able to explain stereoisomerism in non-cyclic alkenes and C3 and C4 cycloalkanes.  

- Well, we have basically talked about this in terms of cis-trans and E/Z isomers.  

3. Be able to compare between the physical and chemical properties of enantiomers.  

- Yes this was mentioned above. Physical differences are the chirality and the rotation of 

polarized light. Chemical property would be that they react to produce different products.  

4. Description and explanation of optical isomers in simple organic molecules.  

- When describing, be sure to include the key words polarized light, chiral center, 

enantiomer and diastereomer.  

5. Distinction between optical isomers using a polarimeter.  

- This was explained above when describing the racemic mixture.  

TOK: 

1. The existence of optical isomers provide indirect evidence for a tetrahedrally bonded 

carbon atom. Which ways of knowing allow us to connect indirect evidence to our theories? 

2. Stereoisomerism can be investigated by physical and computer models. What is the role 

of such models in other areas of knowledge?  

3. One of the challenges for the scientist and the artist is to represent the three-

dimensional world in two dimensions. What are the similarities and differences in the two 

approaches? What is the role of the different ways of knowing in the two approaches?  

 


