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Isomers in organic compounds 

Link 

Isomers are compounds that have the same molecular formula. Compounds 
with different molecular formulars NEVER be isomers. Isomers are of different 

types as shown in the diagram below:  
 

 
I- Conformers and Rotamers: 

Rotamers are one type of conformers. They are related by rotation about one single 
bond (𝜎 bond). Alkanes have large number of conformers and rotamers because all 

bonds are sigma bonds, where the rotation is likely. Of course, rotation about double 

bond is severely restricted. The three-dimensional structures produced upon rotation 
about sigma bonds are called conformational isomers (or conformers). Eclipsed and 
staggered forms are rotamors. They are conformers produced from rotation around 

the sigma bond. They represent two extremes. In the eclipsed conformation the C–H 
bonds on adjacent carbon atoms are parallel to each other and are in the same plane.  
 

https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_General_Chemistry%3A_Principles_Patterns_and_Applications_(Averill)/23%3A_Organic_Compounds/23.03%3A_Isomers_of_Organic_Compounds#:~:text=Isomers%20are%20different%20compounds%20that,conformational%20isomers%20(or%20conformers).
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Fundamentals/Isomerism_in_Organic_Compounds/Optical_Isomerism_in_Organic_Molecules
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eclipsed conformer 

 
The other is the staggered conformation where C–H bonds on adjacent carbon 

atoms are as far from one another as possible. Here, electrostatic repulsions are 
minimum which makes staggered conformations the most stable. 
 

 

staggered conformer 

Staggered/Eclipsed conformers-youtube  

 
II- Structural isomers: (constitutional isomers) 
    Compounds that differ in the connectivity of the atoms. For example, both butane and  

    2-methylpropane are different compounds that have the same chemical formula, C4H10.  
    So, structural isomers are different compounds of the same chemical formula. 
  

  

butane 2-methylpropane 

 

We saw some other examples earlier in the course material. 
 
 

 
 
 

https://www.google.com/search?q=rotamers+staggered+and+eclipsed+conformers+youtube&rlz=1C1GCEU_enJO997JO997&tbm=vid&sxsrf=ALiCzsbcRCHYZEEAMQnb_rwmNUbemVVzPg:1672833190985&ei=pmi1Y7fPO4iQxc8PgeaEiAw&start=0&sa=N&ved=2ahUKEwi3uveg7a38AhUISPEDHQEzAcE4KBDy0wN6BAgCEAQ&biw=1366&bih=649&dpr=1#fpstate=ive&vld=cid:cc99d83e,vid:igTiLtrZ38s
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III- Stereoisomers.  

They are compounds with identical molecular formulas and arrangements of atoms (same 
connectivity), but they differ only in the spatial orientation of the groups in the molecule. Actually, 

they are isomers of the same molecule. They are of two types:      
 
   A) Geometric isomers:  

       They differ in the spatial arrangement of substituents. The arrangement would be  
       cis (or Z) or trans (or E). Geometric isomers are diastereomers. Diastereomers are  
       compounds which have the same molecular formula and sequence of bonded 

       elements but which are nonsuperimposable, and non-mirror images. 
 

 

In German language:  

Zusammen means ‘together’ and Entgegen means ‘opposite’. 
 

B) Optical isomers  

These isomers are called optical isomers because they affect the plane polarized light 
differently. They rotate the plane polarized light in two opposite directions. 
 

Plane Polarized Light:        Link to youtube     Link Chirality Plane polarized light 

What is plane polarized light? 

The electromagnetic Radiation has two components, electrical and magnetic. They produce 

electric and magnetic fields while the light is propagating. The propagation of light has a 
wave style. The electric and magnetic fields are perpendicular to each other, and are 
perpendicular to the direction of propagation. 

 

  

𝑍 − 𝐼𝑠𝑜𝑚𝑒𝑟 𝐸 − 𝐼𝑠𝑜𝑚𝑒𝑟 𝑍 − 𝐼𝑠𝑜𝑚𝑒𝑟 𝐸 − 𝐼𝑠𝑜𝑚𝑒𝑟 

https://www.compoundchem.com/2014/05/22/typesofisomerism/
https://www.google.com/search?q=electromagnetic+radiation+and+the+plane+polarized+light&rlz=1C1GCEU_enJO997JO997&sxsrf=ALiCzsYWpgpAKLlQ-w1R1mDtk2N_t2MBzg:1671017006792&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjFxOm4__j7AhWeQ_EDHa4uBPUQ0pQJegQIBBAC&biw=1366&bih=649&dpr=1#imgrc=uDouAikXCJu2tM
https://www.youtube.com/watch?v=viTJt00k1nI
https://www.khanacademy.org/test-prep/mcat/chemical-processes/stereochemistry/a/chiral-drugs
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While propagation, the light is rotating, keeping the electric and magnetic components 
perpendicular to each other at all instances. The electric component is the one of 

importance to us. When light is passed through a polarizer, it is allowed to pass in one 
direction only. As seen the figure below. This light is called plane polarized light.   

 

  

 

Obviously, the plane polarized light is vibrating in one direction only. 

Optical activity is defined as the ability to rotate the plane polarized light. 

Organic compounds that are optically active have the ability to rotate the plane 
polarized light in either of the directions, clockwise or counterclockwise.  

Clockwise rotation is called dextrorotatory and is indicated in the compound’s 

name by positive sign,  (+), or (D-). Counterclockwise rotation is called 
levorotatory, designated by negative sign, (−) or (L-).   
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Optically inactive compound produces no net rotation. This happens when the 
concentrations of both enantiomers (the dextrorotatory and the levorotatory) of 
the compound are equal. A solution that contains equal concentrations of each 

enantiomer is called a racemic mixture.  

 

Enantiomers:  

Enantiomers are compounds that have exactly the same connectivity, and are mirror images 
of each other. Enantiomers are not superimposable.  

 

Compounds that are optically active have chiral centers. They are called chiral 

compounds.  

Chiral compounds have chiral carbon. Chiral carbon is a carbon that is connected to 
four different groups (sp3, tetrahedral arrangement). Optical isomers are only 

obtained in compounds that have chiral carbons. Carbons that are connected to four 
groups with two or more of them similar are not chiral carbons, consequently, the 
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corresponding compound is not optically active. Carbons that have two hydrogens 
attached to it are never chiral centers. On the other hand, carbons that have four 
different atoms attached, say a carbon, hydrogen, oxygen, and nitrogen, are always 

chiral centers. The figure below shows a representation of two enantiomers. 

 

They are mirror images, superimposable, have chiral centers, so, they are optical 

isomers.  

 
 
A chiral carbon usually is not a branched group, or on the end of a chain, so you can  
eliminate these carbon atoms to be chiral carbons. Also, the hybridization of the chiral  

carbon is sp3. Therefore, sp and sp2 carbons in a chemical structure are eliminated from  
being chiral carbons.  

 
(S) and (R) Enantiomers: 

There are four steps to assign R or S to an optically active molecule:- 

1. Assign priority to the groups attached to the chiral carbon. The priority based on their 

    atomic/molar masses. The higher the atomic/molar mass, the higher priority, i.e, number 
    (1) priority is given. 

2. Point the lowest priority group away from you (the dashed wedge in the example below,  
   the hydrogen atom). 

3. Number the remaining three groups according to priority: 1 = highest priority and  
  3 = lowest priority. 

https://study.com/academy/lesson/absolute-configuration-rules-example.html
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4. Draw an arrow circle beginning at the group numbered 1 and ends with at the group  
    numbered 3. 

If the arrow points clockwise, the compound is R. If the arrow points in a counter-clockwise  

the compound is S. 
 

Example:  

In the example below, there are four different groups (H, F, Cl, Br) attached to the carbon, 
so, this carbon is a chiral center. Hydrogen atom has the lowest atomic mass, so it has the 
lowest priority, so, pointed away. We left with Br, Cl and F. They are numbered as (1) for 

bromine, (2) for chlorine, and (3) for fluorine. (atomic mass order; highest to lowest). 

When we draw the arrows, we can see that the compound on the left, the arrow is pointing 

counterclockwise, is S (from the Latin ‘sinister’, meaning ‘left’) and that on the right, the 

arrow is pointing clockwise, is R (from the Latin ‘rectus’, meaning ‘right’). This letter is added 

in front of the isomer’s name in order to indicate the priority of the substituents on the chiral 

carbon.  

 

 

    Counterclockwise Clockwise 

 

R and S, and D and L: 

There is NO relationship between chiral compound's R/S designation and the direction of 
rotation of the plane polarized light, D/L designation. For example, S enantiomer would be L 

or D rotatory.  

Compounds with more than one chiral carbon:   (Link 1 Examples)     

I) Optical Activity:         A Link to optical isomers (more examples) 

If all of the chiral centers are of opposite R/S configuration between two stereoisomers, they 
are enantiomers. If at least one, but not all of the chiral centers are opposite between two 

stereoisomers, they are diastereomers. Diastereomers are non-mirror images, and are non- 
superimposable. Also remember, equal concentrations of the enentiomers make the mixture 
optically inactive.  

https://www.vedantu.com/question-answer/calculate-the-number-of-optical-isomers-in-the-class-11-chemistry-cbse-5f836d3147e76306bacc013f
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Fundamentals/Isomerism_in_Organic_Compounds/Optical_Isomerism_in_Organic_Molecules#:~:text=For%20example%2C%20one%20of%20the,known%20as%20or%20(-)alanine.
https://www.google.com/search?q=can+enantiomers+have+more+than+one+chiral+center%3F&rlz=1C1GCEU_enJO997JO997&oq=can+enantiomers+have+more+than+one+chiral+center%3F&aqs=chrome..69i57j0i22i30j0i390l4.15866j0j15&sourceid=chrome&ie=UTF-8
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II) Number of optical isomers: 

The maximum number of optical isomers of a compound is determined by calculating the 

number of chiral centers in it. The maximum number of optical isomers is given by the formula 
2n, where n is the number of chiral centers. Compounds with symmetry element (like plane of 
symmetry and inversion center) are optically inactive. Compounds that have symmetry 

elements are meso isomers. Meso isomers do not have enentiomers. (see meso isomers). A 
meso compound contains plane of symmetry that makes it superimposable on its mirror 
image. Meso compound is optically inactive. Meso compound is achiral compound that has 

chiral centers. Meso compouds are achiral diastereomers that contain chiral centers. presence 
of chiral centers in them does not make them optically active because of the presence of plane 

of symmetry.  

Structural relations between Enantiomers, diastereomers and meso forms are illustrated in 
this link. 

 
Examples: Number of isomers in lactic acid: (C3H6O3)  

 

One chiral center, n=1 
Number of optical isomers = 2n = 2  

 

Example: 2,3-dimethyl pentane 

 

Carbon 2: Two methyl groups (similar) are attached, so, it is not chiral center. 

Carbon 3: Four different groups are attached. Hydrogen, ethyl, methyl, isopropyl. All are 
different, so, this carbon is chiral carbon. 

Maximum number of optical isomers = 21 = 2.  
 

 
 
 

 
 
 

https://www.pinterest.com/pin/614248836661702280/#:~:text=The%20mirror%20image%20of%20a,compound%20cannot%20have%20an%20enantiomer.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_I_(Cortes)/09%3A_Supplementary_Notes_for_Stereochemistry/9.06%3A_Molecules_With_2_or_More_Chiral_Centers-_Diastereomers_and_Meso_Forms
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_I_(Cortes)/09%3A_Supplementary_Notes_for_Stereochemistry/9.06%3A_Molecules_With_2_or_More_Chiral_Centers-_Diastereomers_and_Meso_Forms
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Fundamentals/Isomerism_in_Organic_Compounds/Optical_Isomerism_in_Organic_Molecules#:~:text=For%20example%2C%20one%20of%20the,known%20as%20or%20(-)alanine.
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Example: D-Glucose 

 

Maximum number of possible optical  

isomers = 24 = 16 
 

A compound that has 3 chiral atoms. The maximum number of possible optical 

isomers it can have is 23=8.  

   
Example: Fructose, the possible optical isomers are:  23=8 

 

 

Example: Cyclopent-2-ene-ol 

 

 

‣ The carbons of the double bond are attached to 3 groups 
‣ The carbons that are singly bonded each has two hydrogens, 
   so they are not chiral carbons. 
‣ The carbon bonded to the (-OH) has 4 different groups 
   around. So, it is a chiral carbon. 
‣ Number of optical isomers=21=2. 
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Importance of Chirality and optical isomerism: 

Chirality is very important in biological systems. Actually, 19 out of 20 of the amino acids 

that make up our bodies are chiral. Proteins are made of amino acids, so they are also 
chiral. The consequence of that these proteins specifically interact with molecules containing 
chiral carbons. So, protein may recognize one enantiomer of an organic molecule as a drug, 

and may have little or absolutely no effect on the other.  

Utube: Chirality/optical isomerism (enentiomers) and drug action 

A racemic mixture of a drug may have unwanted side effects due to the presence of both 
left and right handed enantiomers. The drug thalidomide was racemic and each enantiomer 

had different effects on pregnant women; the right handed drug alleviated morning 

sickness, the left handed drug caused birth defects. 

Utube: shows models of two enantiomers. 

Utube: Examples on chiral carbons/Arabic-very good, it explains optical isomers with 

examples.  

 

importance of chirality in biochemistry  

importance of chirality in drugs and drug action 

importance of chirality in medicine 

  

The specific rotation is the amount (in degrees) by which the plane of polarized 
light is rotated when light is passed through a solution containing 1.0 g of solute per 

1.0 mL of solvent in a tube 10.0 cm long.  

 

 
 
 

https://www.youtube.com/watch?v=jJX2ZQnoYzc
https://www.youtube.com/watch?v=ud044ww0LZ4
https://www.youtube.com/watch?v=iOAG93aqpKs
https://www.google.com/search?q=importance+of+chirality+in+medicine&rlz=1C1GCEU_enJO997JO997&sxsrf=ALiCzsZr5VhYP6ZrPqRiQSPG6uVZCJaAqw%3A1671280981847&ei=VbmdY5qqM4OVxc8Pr4-liA0&oq=importance+of+chirality+&gs_lcp=Cgxnd3Mtd2l6LXNlcnAQARgGMgQIIxAnMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgYIABAWEB4yBggAEBYQHjIGCAAQFhAeOgoIABBHENYEELADOgUIABCGA0oECEEYAEoECEYYAFCFHViL9ANgj9UEaAlwAXgAgAGkAYgBjRiSAQQwLjIwmAEAoAEByAEIwAEB&sclient=gws-wiz-serp
https://www.google.com/search?q=importance+of+chirality+in+medicine&rlz=1C1GCEU_enJO997JO997&sxsrf=ALiCzsZr5VhYP6ZrPqRiQSPG6uVZCJaAqw%3A1671280981847&ei=VbmdY5qqM4OVxc8Pr4-liA0&oq=importance+of+chirality+&gs_lcp=Cgxnd3Mtd2l6LXNlcnAQARgGMgQIIxAnMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgYIABAWEB4yBggAEBYQHjIGCAAQFhAeOgoIABBHENYEELADOgUIABCGA0oECEEYAEoECEYYAFCFHViL9ANgj9UEaAlwAXgAgAGkAYgBjRiSAQQwLjIwmAEAoAEByAEIwAEB&sclient=gws-wiz-serp
https://www.google.com/search?q=importance+of+chirality+in+medicine&rlz=1C1GCEU_enJO997JO997&sxsrf=ALiCzsZr5VhYP6ZrPqRiQSPG6uVZCJaAqw%3A1671280981847&ei=VbmdY5qqM4OVxc8Pr4-liA0&oq=importance+of+chirality+&gs_lcp=Cgxnd3Mtd2l6LXNlcnAQARgGMgQIIxAnMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgYIABAWEB4yBggAEBYQHjIGCAAQFhAeOgoIABBHENYEELADOgUIABCGA0oECEEYAEoECEYYAFCFHViL9ANgj9UEaAlwAXgAgAGkAYgBjRiSAQQwLjIwmAEAoAEByAEIwAEB&sclient=gws-wiz-serp

	A compound that has 3 chiral atoms. The maximum number of possible optical isomers it can have is 23=8.

