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Effects on Physical Properties (cont’d)

Hydrogen bonding: 
strongest 
intermolecular 
forces so BP are 
very high for  
equivalent MW 
compounds, i.e.
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Conformational isomers (rotamers or conformers) are compounds with the 
same constitution (atoms are bonded in the same order) but the atoms are 
located in different places in space.

This is achieved by rotating about C-C single (s) bonds or the dihedral (or 
torsion) angle (q).
Rotation about a single bond occurs easily because the amount of overlap of 
the sp3  orbitals on the two carbon atoms is unaffected by rotation about the 
sigma bond
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Conformational Isomers



Conformational Isomers (cont’d)

Two extremes exist for ethane: staggered & eclipsed

Dihedral angle

 اهلمعأ نكمم ةيواز ربكأ
 ٦٠ لا راركت وأ ٦٠ هيه
 )يشلا سفن(١٢٠ يز

repulsion



Conformational Isomers (cont’d)

These two extremes 
represent high and low 
energy “conformations” of 
ethane. The “high” E is the 
eclipsed and low E the 
staggered.



Conformational Isomers (cont’d)
The difference in energy is caused by “steric” interactions between the 
H atoms. Steric interactions are repulsions caused when two atoms are 
too close together in space and their valence shell electrons repel each 
other.

The H – H distance in the eclipsed is 2.36 Å and 2.54 Å in the staggered.

Rotating one 
carbon 60°

3.0 Kcal/mol

Torsional strain

torsional strain

 energy لا اوتيطعأ تنإ اذإ نكل ارارقتسا رثكأ اذه
 ناهل ناه نم لاقتن@ا ةيلمع نكل ارارقتسا لقأ راص هذه
 Nمهاف نوكن اندب انحا نكل ةلهس ةيلمع حيحص سكعلاو
  رثكأ هلا contribution لا وأ ادوجو رثكPا هنإ

Rotating one carbon 60 
staggered لا هوه يلا

 لا نم ةيمك torsional strain لا اذإ
energy لل اهيطعب انأ staggered لوحتب 

 ةلاح يف وأ ethane لا ةلاح يفeclipsedل
 نم ةقاط ىلعWل ةقاط لقPا نم ماع لكشب Nكلا
 ةيرارقتسا لقWل  ةيرارقتسا رثكPا

إذا بدي أحول 
شكل هاد ا\ركب 

من اPعلى 
استقرارية(اPقل 

طاقة) بحتاج 
طاقة مقدارها 

kcal/mol 3.0

هذه الطاقة يحصل عليها ا\ركب 
عن طريق التصادمات التي تحدث 

بN الجزيئات فبيكسب الطاقة 
وبيتحول للشكل اjخر 



 يئاهن 6 لئاه ددع انع يف انحا شماهلا ع ةمولعم
 سب ;تسو رفص ةيوازلا ;ب conformers لا نم
 تاقورفلا فوشنو ;تسو رفص ةيوازلا انذخا انحا
 مهنيب

!"

equilibrium



Conformational Isomers (cont’d)

The problem is worse in propane as a methyl 
group is larger than a H atom. The eclipsed is on 
the left in both sets of images.

ball & stick space filling



Steric effects reach their maximum in butane:
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2.9 Cycloalkane Nomenclature and Conformation

Cycloalkanes are saturated hydrocarbons that have at least one ring of carbon 
atoms. The general formula is CnH2n.



• One substituent is always located at ring carbon number 1. A number is not 
needed.

Cycloalkane Nomenclature

=

Two substituents : Substituents are stated in alphabetical order. #1 goes to the first-listed 
substituent



Cycloalkanes: cyclopropane – is the smallest ring structure possible.
- It is rigid and very highly strained as the bond angles (60°) are distorted 

from ideals (109.5°)
- It is more reactive than a linear alkane as the strained C-C bonds are easier 

to break

Angle strain results from poor orbital–orbital overlap because bonds have to deviate 
from the ideal (109.5°) bond angle

tetrahedral bond angle = 109.5° bond angle < 109.5°

Eclipsed Hydrogens

أول مشكلة بنطلّع عليها



Cycloalkanes: cyclobutane – “puckered” conformation
- It is more flexible than cyclopropane and is not flat although it is 

commonly drawn that way.
- It is more reactive than a linear alkane as the strained C-C bonds 

are easier to break, bond angle ~90°

com m on better

Cyclobutane

Molecules twist out of a planar arrangement to 
minimize angle strain and the number of eclipsed 
hydrogens

 eclipsing مهلك له elclipsing-2 109 نع ةديعب شيدا angle لا -١: Aتلغش ع علطت كدب مهأوسأ وهو( cyclopropane لا مهنمو cycloalkanes لل  stability لا نع يكحأ يدب اذإ
 tortional strain لا يف للقب لامع وأ eclipsingلل minimaization) يوش نامك فوشنح ام لتم( تJاح يف Jو

 J سب شم cyclopropane لا ف
 وه ىتح liner alkane لاب نراقي
 ام يز( the worst one ربتعي
)يوش نامك فوشنح



Cycloalkanes: cyclopentane – “envelope” conformation
- It is more flexible than cyclobutane and bond angle are ~105°, 

and less strained 

poor better good best

cyclopentane

Molecules twist out of a planar
Arrangement to minimize angle strain and 
the number of eclipsed hydrogens.

 يعيبط لكشب نيدوجو'اب متهن
 energy لقأ مهنأ ببسب

 conformers ةدع يف
 ل Aسوردم


