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NATURE prefers SYMMETRY 

Element Operation 
Rotation axis, Cn n-fold rotation 
Improper rotation axis, Sn n-fold improper rotation 
Plane of symmetry, σ Reflection 
Center of symmetry, i Inversion 

Identity, E 



n"fold'rota+on'"'a'rota+on'of'360°/n'about'the'Cn'axis'(n'='1'to'∞)'
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In#water#there#is#a#C2#axis#so#we#can#perform#a#24fold#(180°)#rota=on#to#get#the#
iden=cal#arrangement#of#atoms.#

H(2)
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In#ammonia#there#is#a#C3#axis#so#we#can#perform#34fold#(120°)#rota=ons#to#get#
iden=cal#arrangement#of#atoms.#
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Reflec+on'across'a'plane'of'symmetry,'σ'(mirror'plane)'

H(2)

O(1)

H(3) H(3)

O(1)
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σv#
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Reflec+on'planes'may'be'ver+cal,'horizontal'or'dihedral'(more'on'σd'later)'
σd# σd#

σh#

σv# σv#

It is defined as ‘when a plane that devised a molecule or object in to two equal halves which are 

related to object and mirror image is known as plane of symmetry. It is represented by σ. 

Example 14: Plane of symmetry in Tartaric acid 

d

C
C

a b
ba
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C
C
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COOH
2,3-dihydroxysuccinic acid

(Tartaric acid)
Sybmbolic representation

Palne that devides
molecule in two equal halves

 
 From above example you can easily understand that if we put a mirror plane/reflection 

plane exactly at the centre axis of the molecule/object; you will found that the mirror 

image thus obtained is the complementary of the original and both will give us the 

appearance of complete molecule/object. 
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C
C
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(Tartaric acid)

Mirror palne that devides
molecule in two equal halves

Real object

Mirror image of 
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(iii) Centre of symmetry (Ci):  

A molecule has a centre of symmetry when, for any atom in the molecule, an identical atom 

exists diametrically (diagonally) opposite to this centre and at equal distance from it.  

Example 15: An isomer of 1,3-dichloro-2,4-dibromocyclobutane has a centre of symmetry 
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Inversion''and'centers'of'symmetry,'i'(inversion'centers)'

In' this' opera+on,' every' part' of' the' object' is' reflected' through' the' inversion'
center,'which'must'be'at'the'center'of'mass'of'the'object.'

It is defined as ‘when a plane that devised a molecule or object in to two equal halves which are 

related to object and mirror image is known as plane of symmetry. It is represented by σ. 
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plane exactly at the centre axis of the molecule/object; you will found that the mirror 
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(iii) Centre of symmetry (Ci):  

A molecule has a centre of symmetry when, for any atom in the molecule, an identical atom 

exists diametrically (diagonally) opposite to this centre and at equal distance from it.  

Example 15: An isomer of 1,3-dichloro-2,4-dibromocyclobutane has a centre of symmetry 
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n"fold' improper'rota+on,'Sn'(associated'with'an' improper'rota+on'axis'or'a'rota+on"
reflec+on'axis)' 'This'opera+on' involves'a' rota+on'of'360°/n' followed'by'a' reflec+on'
perpendicular'to'the'axis.''

 From above example you may understand that all the identical atoms are situated 

diagonally and at equal distance from the centre. This is called centre of symmetry. 

(iv)  Alternating axis of symmetry (Sn):  

An alternate axis of symmetry is defined as, when a molecule is rotated by 360°/n degrees about 

its axis and then a reflection plane is placed exactly at perpendicular to the axis, and the 

reflection of the molecule thus obtained is identical to the original. It is represented by Sn.   

Example 16.An isomer of 1,3-dichloro-2,4-dibromocyclobutane has a 2 fold alternate axis of 

symmetry 
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axis of rotation

 
 

MOLECULAR CHIRALITY, ENANTIOMERISM: 

The necessary condition for a molecule to have optical isomerism is that molecule should not 

have any kind of symmetry elements present in it, in other words the molecule should be 

dissymmetric. Such molecules are called ‘Chiral’ and the property is called ‘molecular 

chirality’. Optically active chiral molecules which are non-super imposable on their mirror 

images are called ‘enantiomers’ and the phenomenon is known as ‘enantiomerism’. To exhibit 

optical isomerism an organic compound must have at least one asymmetric carbon atom. An 

asymmetric carbon atom is that which is bonded to four different atoms or groups. 

Alternating axis of symmetry

Cn+Sigma v
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A.  Designate the R/S configuration for any chiral centers in the following molecules. 
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This one is very hard.
But for each of the 5 chiral C's, the tie-
breaking processes do work.  
The upper-left S is harder than the others.

R,R
R,R, error in movie 
which said R, S.

Priorities:  1.  Heteroatom.         2.  C-with-heteroatom. 
3.  C > CH > CH2 > CH3. 
4.  Proceed down chain until point of difference. 

Really
Hard!
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C.  Mark the relationships between the following structures as either “same”, “enantiomers”, 
or “diastereomers”.    
 

51.          
 
 

52.      

53.          
 
 

54.      

55.          
 
 

56.      

57.             
 
 

58.         

59.           
 
 

60.               

61.           
 
 

62.                  

63.  
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69.             70.              
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With just 
one chiral 
C, if you 
can assign 
R/S for 
both, you 
can tell if 
same or 
different.

chiral => all flflipped => enant achiral => all flflipped => same

chiral => all flflipped => enant

With two 
chiral C's: 
1. orient them 
the same; 
2.  look for 
all flipped 
(mirror) vs 
some flipped 
(not mirror, 
diastereomer)
3.  If mirror, 
check for 
plane of 
symmetry 
(meso, achiral, 
mirror same) 
vs not (chiral, 
mirror is 
enantiomer)
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This one is very hard.
But for each of the 5 chiral C's, the tie-
breaking processes do work.  
The upper-left S is harder than the others.

R,R
R,R, error in movie 
which said R, S.

Priorities:  1.  Heteroatom.         2.  C-with-heteroatom. 
3.  C > CH > CH2 > CH3. 
4.  Proceed down chain until point of difference. 

Really
Hard!

 Mark the relationships between the following structures as either “same”, 
“enantiomers”, or “diastereomers” 

Mirror/'Enan+omers' Diastereomers' Mirror'but'Same/'Meso'

Problems"Answers'



Organic Chemistry 32-235

Practice Questions for Exam #2

 Part 1: (Circle only ONE choice, circling more than one will be counted as wrong!)
4 points each

1. The correct IUPAC name for the following compound is:

(A)  (1R, 3R)-1-chloro-3-methylcyclohexane
(B)  (1R, 3S)-1-chloro-3-methylcyclohexane
(C)  (1S, 3S)-1-chloro-3-methylcyclohexane
(D)  (1S, 3R)-1-chloro-3-methylcyclohexane
(E) None of the above.

The Key here is to determine the configuration R or S for each chiral carbon.  The answer here is 1S,
2S.

2. Consider the SN1 reaction of tert-butyl chloride with iodide ion:

(CH3)3C Cl + I (CH3)3C I Cl+

If the concentration of iodide ion is doubled, the rate of forming tert-butyl iodide will: 
(hint: consider mechanism, i.e. how is the product formed?)

(A) Double. (B) Increase 4 times. (C) Remain the same.
(D) Decrease. (E) None of the above.

In SN1 reaction, the rate is independent of the nucleophile involved since the nucleophile is not
involved in the rate determining step.  Thus the anwer is C.

3. The relationship between the following two structures is:

(A) enantiomers (B) diastereomers (C) structural isomers
(D) identical (E) none of the above

The key here is to know the definition of all terms and then determine R or S configuration for each
chiral carbon.  The answer is (B) (by definition)

4. The specific rotation of pure (R)-2-butanol is -13.5°.  What % of a mixture of the two 
enantiomeric forms is (S)-2-butanol if the specific rotation of this mixture is -5.4° ?

(A)  40% (B)  30% (C)  60% (D)  70% (E) None of the above
The answer is B since e.e. is 40% favoring R. (5.4/13.5=40%)

CH3H

Cl H

CH3

H OH

OHH

CH3

CH3

HO H

OHH

CH3

Organic Chemistry 32-235

Practice Questions for Exam #2

 Part 1: (Circle only ONE choice, circling more than one will be counted as wrong!)
4 points each

1. The correct IUPAC name for the following compound is:

(A)  (1R, 3R)-1-chloro-3-methylcyclohexane
(B)  (1R, 3S)-1-chloro-3-methylcyclohexane
(C)  (1S, 3S)-1-chloro-3-methylcyclohexane
(D)  (1S, 3R)-1-chloro-3-methylcyclohexane
(E) None of the above.

The Key here is to determine the configuration R or S for each chiral carbon.  The answer here is 1S,
2S.

2. Consider the SN1 reaction of tert-butyl chloride with iodide ion:

(CH3)3C Cl + I (CH3)3C I Cl+

If the concentration of iodide ion is doubled, the rate of forming tert-butyl iodide will: 
(hint: consider mechanism, i.e. how is the product formed?)

(A) Double. (B) Increase 4 times. (C) Remain the same.
(D) Decrease. (E) None of the above.

In SN1 reaction, the rate is independent of the nucleophile involved since the nucleophile is not
involved in the rate determining step.  Thus the anwer is C.

3. The relationship between the following two structures is:

(A) enantiomers (B) diastereomers (C) structural isomers
(D) identical (E) none of the above

The key here is to know the definition of all terms and then determine R or S configuration for each
chiral carbon.  The answer is (B) (by definition)

4. The specific rotation of pure (R)-2-butanol is -13.5°.  What % of a mixture of the two 
enantiomeric forms is (S)-2-butanol if the specific rotation of this mixture is -5.4° ?

(A)  40% (B)  30% (C)  60% (D)  70% (E) None of the above
The answer is B since e.e. is 40% favoring R. (5.4/13.5=40%)

CH3H

Cl H

CH3

H OH

OHH

CH3

CH3

HO H

OHH

CH3

Page 2/9

5. Which of the following alkyl halides would undergo SN2 reaction most rapidly?

(A)  CH3CH2-Br (B) CH3CH2- Cl (C) CH3CH2-I
(D) CH3CH2-F (E) they react at the same rate

In Sn2 reaction, the nucleophile attacks from the back of the leaving group.  The better the leaving
group, the easier it is to leave (faster rate).   The answer is C since iodide ion is the best leaving
group.

6. Which of the following molecules is chiral ?

CH3 CH3

H H

CH3 H

H CH3

OH

CH3

(A) (B) (C)

C C
CH3

H

CH3

H

C C
H

CH3

CH3

H

(D) (E)

Go by definition or look for plane of symmetry/point of inversion.  The answer is B.

7. The relationship between (A) and (B) structures in the previous question is:

A) identical
B) structural isomers
C) diastereomers
D) enantiomers
E) None of the above

Again need to know terms and how to apply them.  The answer is C.

Which#one#is#Chiral?#What#is#the#rela=onship#between#(A)#and#(B?)#

1

2

3


