
Which letters of the alphabet are chiral in two dimensions? 

P 

mirror 

C 

mirror 

A 

mirror 

The mirror-image letter on the 
right can be slid on top of the 
original letter on the left so as 
to superimpose it in all parts.  
Therefore, A is not chiral in 
two dimensions (or even three 
for that matter). 

The mirror-image letter on 
the right can be rotated 
180° and then slid on top 
of the letter on the left so 
as to superimpose it in all 
parts.  Therefore, C is not 
chiral in two dimensions 
(and also not chiral in three 
dimensions). 

No matter how you turn 
the mirror image on the 
right, it cannot be placed 
on top of the original letter 
to superimpose them in all 
parts.  Therefore, P is chiral  
in two dimensions (but not 
in three since you can lift 
the letter and flip it over). 

Method: A letter is chiral if it can not be superimposed on its mirror image 

Example 1 Example 3 Example 2 
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R 

mirror 

Again, no matter how you twist 
and turn the mirror image on the 
right, it cannot be placed on top of 
the original letter so that the two 
are superimposed in all parts.  
Therefore, R is chiral in two 
dimensions.  (How about in 
three?) 

 1. Which of the other twenty-two 
letters of the alphabet are chiral in two 
dimensions?  Be sure that you can 
explain your answers. 

Example 4 

 2. Now assume that we are free to 
lift the letters out of the plane they 
are in and flip them over.  Which 
answers, if any, to the previous 
question would change?  Explain. 

 3. Which of the following are chiral in 
three dimensions: (a) a nail, (b) a 
corkscrew, (c) the Mona Lisa painting 
shown here, (d) the Lincoln Memorial 
(see picture), (e) decal of Bender the 
robot (seen at left).  Explain. 

Questions 
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Note that things that are not chiral are 
sometimes called achiral. 
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Xe 

F 

F 

F 

F 

Xe 

Br 

F 

F 

F 

Xe 

Br 

Cl 

F 

F 

Xe 

Br 

Cl 

F 

I 

(b) (c) (d) 

 4. Now consider the flat molecule, XeF4,  xenon tetrafluoride, shown in (a) below.  Let’s 
substitute other atoms for the four fluorines until we have four different elements 
around the central xenon (Xe).  Draw the mirror image form of each molecule shown 
below and use it to determine if the molecule is chiral in two dimensions.  Be sure that 
you can explain your answers.    Next, use your drawings to determine which molecules, 
if any, are chiral in three dimensions.  Again be sure that you can explain your answers.  
For simplicity, assume that all of the bond angles in each structure are 90° and that all of 
the bond lengths are identical.    
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 5. Now consider the 3-dimensional molecule methane, CH4,  shown in (a) below.  The 
heavy, solid wedge indicates a bond and an atom coming out towards you and the 
dashed wedge indicates a bond and an atom going away from you.  The two solid lines, 
and their three atoms, are all in the same plane.  Now let’s substitute other atoms for 
the four hydrogens in (a) until we have four different elements around the carbon.  Draw 
the mirror image form of each molecule shown and use it to determine if the molecule is 
chiral in three dimensions.  Be sure that you can explain your answers.  For simplicity, 
assume that all of the bond angles in each structure are the same (about 109.5°) and 
that all of the bond lengths are identical.    
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