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Chapter 6 

Writing Chemical Reactions 

Substitution Reactions Elimination Reactions 

Addition Reactions Relationship of Addition and Elimination Reactions 



Reaction Mechanisms Bond Breaking 

Arrow-Pushing Mechanisms!

Reactive Intermediates Resulting from Breaking a C-Z Bond Bond Breaking–Intermediates  

•  Radicals and carbocations are electrophiles because they 
contain an electron-deficient carbon. 

•  Carbanions are nucleophiles because they contain a carbon 
with a lone pair. 

Bond Forming  Arrows Used in Organic Reactions 



Direction of a Chemical Reaction 

•  In studying chemistry, it is often important to know 
whether a reaction is reactant-favored or product-
favored. 

•  The equilibrium constant, K, tells us this.   

•  K is determined experimentally.   

•  K values can be estimated by looking at the bonds that 
are breaking and forming in a chemical reaction. 

•  Potential energy in molecules is “stored” in the form of 
chemical bond energy relative to other compounds. 

•  Enthalpy (�Ho) is the amount of heat absorbed or 
released in a chemical reaction (at constant pressure). 

•  Enthalpy is closely related to the changes in bonds in a 
reaction. 

•  Energy is added to a molecule to break bonds and is 
released when bonds are formed. 

Potential Energy and Covalent Bonds 

•  Energy is added to a molecule to break bonds and is released 
when bonds are formed. 

•  Exothermic reactions: 

•  �Ho is negative and heat is evolved. 

•  More energy was released by the formation of the new 
bonds than was needed to break the old bonds. 

•  Endothermic reactions: 

•  �Ho is positive and heat is absorbed. 

•  More energy was needed to break the old bonds than was 
released by the formation of the new bonds. 

Potential Energy and Covalent Bonds 

•  The hydrogen molecule is more stable than 
hydrogen atoms. 

Dissociation / Formation of H2 

Bond Dissociation Energies & Heats of Reactions 

•  Bond dissociation energies represent the energy required to break a 
bond – an endothermic process. (Values are positive.) 

•  When new bonds are formed, energy is released – an exothermic 
process. (Values are negative.) 
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Bond Dissociation Energies 

•  The table below lists dissociation energies for bonds between atoms in specific compounds. 
•  For bonds in other compounds, simply select the most similar bond to get a reasonable estimate. 



•  Comparing bond dissociation energies is equivalent to comparing bond 
strength. 

•  The stronger the bond, the higher its bond dissociation energy. 

•  Bond dissociation energies decrease down a column of the periodic table. 

•  Generally, shorter bonds are stronger bonds. 

Bond Dissociation Energy and Bond Strength  Average Bond Dissociation Energies 

The values on 
the table to the 
left represent 
average values 
for many 
molecules, and 
can be used to 
get a good 
estimate of ΔH 
for a chemical 
reaction. 

•  Bond Dissociation Energies can be used to calculate the 
approximate enthalpy change for a chemical reaction. 
  
  ΔH = Σ (bonds broken) – Σ (bonds formed) 

 
•  Consider: 

Bond Dissociation Energies & Heats of Reactions 

+  H2O

OH

Entropy 

•  Entropy is a measure of the randomness of a system.  

•  The more freedom of motion or the more disorder present, the 
higher the entropy. 

•  Gas molecules move more freely than liquid molecules and are 
higher in entropy.  

•  Cyclic molecules have more restricted bond rotation than similar 
acyclic molecules and are lower in entropy. 

Free Energy, Enthalpy, and Entropy 

•  Free energy of a reaction is determined by the enthalpy (�H°) and 
entropy (�S°) changes of a chemical reaction. 

  ∆Gº = ∆Hº - T∆Sº#
•  The total energy change is due to two factors: the change in bonding 

energy and the change in disorder. 

•  The change in bonding energy can be calculated from bond dissociation 
energies. 

•  In most of the reactions that we consider, entropy (�S) contributions 
are small.  Therefore, �G ≈�H. 

Relating Free Energy and the Equilibrium Constant 

•  The equilibrium constant (K) is related to the free energy change  
(�G°) of a chemical reaction: 

   �G˚ = –RT ln(K)   

•  Seemingly small energy changes for a reaction can result in large or 
small K values. 

 



The Equilibrium Constant and Free Energy 

•  ΔG° is the overall energy difference between reactants and 
products. 

•  Monosubstituted cyclohexanes exist as two different chair conformations that 
rapidly interconvert at room temperature. 

•  The conformation having the substituent in the roomier equatorial position is 
favored. 

•  Knowing the energy difference between two conformations permits the 
calculation of the amount of each at equilibrium. 

Conformations and Equilibrium 

Reaction – Energy Diagrams  

•  Draw reaction-energy diagrams for the reactions for hydrogen 
dissociation (1-step) and addition of water to a double bond (3-step 
process, first step is the slow step) from previous slides. 

•  Include the relative energies of the: 
•  Reactants 
•  Products 
•  Intermediates 
•  Transition States 

•  Include arrows to show: 
•  Overall Reaction Enthalpy (include value) 
•  Activation Energy 

 

Energy Diagrams & Reaction Mechanisms 

•  Consider the hydrolysis of tert-butyl bromide: 

•  Estimate �Hº from bond dissociation energies. 

•  Estimate K. 
 
•  The reaction mechanism is a 3-step process. 

  

 
 

(CH3)3Br  +  H2O (CH3)3OH  +  HBr
acetone / H2O

Reaction – Energy Diagram  

•  Draw an reaction-energy diagram for the reaction from the 
previous slide. 

•  Include the relative energies of the: 
• Reactants 
• Products 
•  Intermediates 
• Transition States 

•  Include arrows to show: 
• Overall Reaction Enthalpy (include value) 
• Activation Energy 
 

•  Bond dissociation energies present overall energy changes only; they 
reveal nothing about the reaction mechanism or how fast a reaction 
proceeds. 

•  Bond dissociation energies are determined for reactions in the gas phase, 
whereas most organic reactions occur in a liquid solvent where solvation 
energy contributes to the overall enthalpy of a reaction. 

•  Though imperfect, using bond dissociation energies to calculate ΔH° gives 
a useful approximation of the energy changes that occur in a reaction. 

Limitations on Bond Dissociation Energies 



•  For a reaction to be practical, the equilibrium must favor products and the 
reaction rate must be fast enough to form them in a reasonable time.  

•  These two conditions depend on thermodynamics and kinetics 
respectively. 

•  Thermodynamics describes: 
•  how the energies of reactants and products compare 
•  what the relative amounts of reactants and products are at 

equilibrium. 

•  Kinetics describes reaction rates (how quickly reactants are 
converted to products).  

Kinetics and Thermodynamics Resonance Stabilization 

•  Based on energy approximations, we can compare the enthalpy of 
reaction for the hydrogenation of cyclohexene; 1,3-dicylohexene; and 
benzene. 

•  Experimental values for the hydrogenation of cyclohexene and 1,3-
dicyclohexene are very similar to the estimates.   

•  However, benzene has a �Hhydrogenation = - 208 kJ/mol which is much 
lower than the estimated value for the hydrogenation of all three 
double bonds. 
•  The difference between the values is the resonance stabilization. 

Resonance Stabiliazation Energy of Benzene Ring Strain 

•  Rings other than six-membered rings often have significant 
ring strain.  

•  The ring strain increases the relative energy of the 
compound.  

•  Ring strain is often calculated for compounds based on 
vales relative to the combustion of a –CH2- groups in 
cyclohexane or in a straight-chain alkane. 

 Heats of combustion per CH2 unit reveal cyclohexane has 
no ring strain and other cycloalkanes have some ring strain 

The Relative Stabilities of Cycloalkanes: Ring Strain Revised �H calculation based on BDE 

 

ΔHest =  Σ ΔHbonds broken –  Σ ΔHbonds formed  
     + resonance stabilization 
     – ring strain  
     – other forms of strain  
  (eclipsing, torsional strain, etc.) 

 


