
SATURATED HYDROCARBONS – ALKANES AND CYCLOALKANES 

BONDS 

C – C   0,154 nm       345 kJ/mol    only small difference in electronegativity 

C -  H   0,109 nm       427 kJ/mol energy of this bond depends upon the  

    position C atom in the structure     

    chain isomers  



SATURATED HYDROCARBONS – ALKANES AND CYCLOALKANES 

Dependence of bond energy upon the structure 
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CONFORMATIONAL ANALYSIS 

CONFORMATIONAL  ISOMERISM  -  CONFORMERS 

NEWMAN  PROJECTION 



CONFORMATIONAL ANALYSIS 

CONFORMATIONS OF BUTANE 

NEWMAN PROJECTION 

PERSPECTIVE PATTERNS 



CONFORMATIONAL ANALYSIS 

NEWMAN PROJECTION 

     synperiplanar                               synclinal                                         anticlinal 

Antiperiplanar                                 anticlinal                                        synclinal 



CYCLOALKANES AND THEIR STRUCTURE 

Baeyer stress  -  connected with bond angles 

Pitzer stress  - connected with  nonbonding    

        interactions 

Number of atoms in ring    Energy released when                      Number of atoms in ring         Energy released when 

                                            compounds burned                         compound burned 

  related to CH2 kJ/mol                              related to CH2 kJ/mol 

  



CONFORMATIONAL ANALYSIS 

 

disubstituted 

compounds 

trans - isomer 

cis - isomer In cyclic compounds we 

are faced to geometric  

isomery 



CONFORMATIONAL ANALYSIS 

 

Number of isomers is growing: 

           -  position isomery  

           -  geometric isomery 

1,2 – isomers      trans-                          cis- 

1,3 – isomers      trans-                          cis- 



CONFORMATIONAL ANALYSIS 

 

In molecule of cyclopentane the strain in the molecule is released and       

a new possibility of rotation round bonds arose and this way transfer 

of one conformer to another - (envelope conformation ) 

CONFORMERS 

POSITION ISOMERS 

geometric isomers geometric isomers 

1,2 - trans                     1,2 - cis                         1,3 - cis                       1,3 - trans 



CONFORMATIONAL ANALYSIS 

CYCLOHEXANE RING 

Six-membered ring is enabling even higher motion around   

C-C bonds 

and  formation of two basic conformers  -  chair and boat 

Ea

židlička

vanička
aktivač. energie

23 kJ/mol

42,5 kJ/mol

aktiv. stav

 

boat 

chair 

energy of activation 

activated state 



CONFORMATIONAL ANALYSIS 

CYKLOHEXANE RING 

Axial and equatorial bonds cyklohexan_ae.wrl

 

equatorial 

axial 

activated 

state 

energy of activation 



CONFORMATIONAL ANALYSIS 

CYKLOHEXANE RING 

Six-membered ring is enabling even higher motion around   

C-C bonds 

and  formation of two basic conformers  -  chair and boat 

Axial and equatorial bonds 

Existence of two geometric isomers – cis- a trans- 

cyklohexan_12_trans.wrl



CONFORMATIONAL ANALYSIS 

Polycyclic fused compounds 

   the rings may be fused cis- or trans- 

trans- cis- 

Steroids 
basic skeleton 



REACTIVITY OF ALKANES AND CYCLOALKANES 

Bonds C-C and C-H are nonpolar             small reactivity in reactions with  

          polar reagents  

TYPICAL REACTION ARE RADICAL REACTIONS 

REACTIONS  ARE  INITIATED  BY: 

    radicals 

    UV light 

    heat 

Source of radicals are peroxides, which are decomposed by a heat  

azo-bis(isobutyronitril) 



REACTIVITY OF ALKANES AND CYCLOALKANES 

TYPICAL  REACTION – H A L O G E N A T I O N  

CH4  +   4  Cl2 CCl4   +  4  HCl

F2  >  Cl2  >  Br2 >>> I2 The realisibility of reaction depends upon the heat of reaction 

Iniciation 

 
Propagation 

 

 

 

 

 

Termination 

 

 

Side reactions 
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C H 3 + Cl2 CH 3Cl + Cl

Cl + CH4
HCl + CH3

C H 3 + Cl2 CH 3Cl + Cl

  …
. 

 

chain  reaction 

In the reaction mixture has disappeared one of the 

components 

 

C H 3C l + C l C H 2C l + H C l

C H 2C l + C l2 C H 2C l2 + C l



REACTIVITY OF ALKANES AND CYCLOALKANES 

Energy bilance of the reaction 

Energy of splitting or newly formed bonds 

           405            242                                           - 347         - 431 

           405             151                                         - 213         - 299 

           405             153                                         - 444          - 570 

H = -131 kJ/mol

H = + 44 kJ/mol

H = - 456 kJ/mol

strongly exothermic reaction 

Bond energy of  C – C  =  346 kJ/mol  



REACTIVITY OF ALKANES AND CYCLOALKANES 

SELECTIVITY OF  REACTIONS energy of different way bonded hydogen atoms is different 

ratio H   3 : 1 

yield     1 : 3,66 

ratio H   9 : 1 

yield     1 : 5,28 

ratio H   9 : 1 

yield     1 : 99 



REACTIVITY OF ALKANES AND CYCLOALKANES 

SELECTIVITY OF  REACTIONS 

is depending upon stability of formed 

radicals 

 kcal/mol  kcal/mol  kcal/mol 
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Energy of dissotiation of different bonds R-H 

(Stability of radicals ) 


