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Reversible Reactions 

 All rate laws for reversible reactions must reduce to the thermodynamic relationship relating 

the reacting species concentrations at equilibrium. 

 At equilibrium, the rate of reaction is identically zero for all species 

 The concentrations ax equilibrium are related by the thermodynamic relationship for the 

equilibrium constant Kc 
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Rate laws for reversible reactions 

Reversible Reactions 

For the reaction 

Benzene diphenyl hydrogen  

are the forward and reverse specific reaction rate constants respectively 

and defined with respect to benzene. 

The rate of disappearance of benzene 

Or the rate of disappearance of benzene for the forward reaction 

 For the reverse reaction 
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The rate of formation of benzene 

Reversible Reactions 

 The net rate of formation of benzene 
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Reversible Reactions 

 The equilibrium constant  

 Decreases with increasing temperature for exothermic reactions and  

 Increases with increasing temperature for endothermic reactions 

 The rate of formation of diphenyl is: 

 Also, from stoichiometry 
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And  

And utilizing stoichiornetry 

Reversible Reactions 
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Reversible Reactions 

 When there is no change in the total number of moles and the beat capacity term, 
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The Reaction Rate Constant 

The specific reaction rate or the rate constant 

o Is merely independent of the concentrations of the species involved in the reaction. 

o Is almost always strongly dependent on temperature. 

o Depends on whether or not a catalyst is present,  

o In gas-phase reactions, it may be a function of total pressure 

o In liquid systems it can also be a function of other parameters, such as ionic strength and 

choice of solvent 

 The temperature dependence of the specific reaction rate, kA could be correlated by 

Arrhenius Equation 
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The Reaction Rate Constant 
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 The activation energy can be thought of as a barrier to energy transfer (from the kinetic 

energy to the potential energy) between reacting molecule that must be overcome. 

The Activation Energy  

the potential energy of the system as a function 

of the progress along the reaction path 

reactants intermediate products  The distance between A and B 

decreases, and the AB bond begins to 

form.  

 As we proceed further, the distance 

between AB and C increases and 

  The energy of the reacting pair 

decreases to that of the AB bond 

energy. 

: Energies of formation 
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The Activation Energy  

 The larger the activation energy, the more 

temperature-sensitive is the rate of 

reaction. 
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Example 
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Example Cont. 
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Example Cont. 

 If the specific reaction rate ko(To) at a temperature, To, and we know the activation energy, E. 
we can find the specific reaction rate k(T) at any other temperature, T. for that reaction 

where 
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 The rate of disappearance of A,-rA, might be 

 Known as a function of conversion, X  

 

 

 Expressed in terms of the concentration of the reacting species 

Review: Reactor Sizing and Design 

 The concentration of the reacting species may he written in terms of the conversion X 

 If the rate law depends on more than one species, it is necessary to relate the concentrations of 

the different species to each other 
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Review: Reactor Sizing and Design 
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Stoichiometry 
 A stoichiometric table is a table that presents the stoichiometric relationships between reacting 

molecules for a single reaction.  

 Such table make it easier to relate the concentrations of the different species to each other for 

the case when the rate law depends on more than one species. 

 For the reaction 

 In formulating our stoichiometric table, we shall take species A (limiting reactant) as a basis of 

calculation 
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Stoichiometry 

Batch Systems 

 How to express the number of moles of B, C, and D in terms of conversion of A?. 

the number of moles of A initially present in the reactor 

moles of A are consumed 

the number of moles of A remaining in the reactor 

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

20 

Batch Systems 
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Let 

Then 

Batch Systems 
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Then 

Batch Systems 
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 For the constant-volume systems 

Constant-Volume Batch Reaction Systems 
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 For liquid-phase reactions (or as we will soon see for isothermal and isobaric gas-phase 

reactions with no change in the total number of moles,  

For 

Then 

Batch Systems 
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For the reaction 

Example 

Express the concentrations of the different species as  function X. 

and 
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Example Cont. 
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Example Cont. 
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Flow Systems 

Stoichiometry 
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Flow Systems 
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Equations for Concentrations in Flow Systems 

Concentrations in Flow Systems 
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Liquid-Phase Concentrations 

 For liquids, volume change with reaction is negligible when no phase change are taking place 

Concentrations in Flow Systems 
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Change in the Total Number of Moles with Reaction in the Gas Phase 

 Variation  on the flow rate occurs quite frequently in gas-phase reactions that do not have an 

equal number of product and reactant moles 

Liquid-Phase Concentrations 
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 Variable-volume situation could occur in batch reactors where volume changes with time as in 

internal-combustion engine 

Batch Reactors with Variable Volume 

Variable Volume 
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At  

But 

Batch Reactors with Variable Volume 
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For both batch and 

flow systems 

Batch Reactors with Variable Volume 
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Also 

Batch Reactors with Variable Volume 
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 If the temperatures and pressures are changed such that the compressibility factor will not 

change significantly during the course of the reaction 

Then, for a variable volume batch system, the volume of gas at any time t is 

Flow Reactors with Variable Volumetric Flow Rate 

 The total concentration can be defined as 

Batch Reactors with Variable Volume 
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Flow Reactors with Variable Volumetric Flow Rate 
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Flow Reactors with Variable Volumetric Flow Rate 

And 

But 

Then 
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Flow Reactors with Variable Volumetric Flow Rate 

 For the reaction  
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Flow Reactors with Variable Volumetric Flow Rate 
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Flow Reactors with Variable Volumetric Flow Rate 
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Example 
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Example Cont. 
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Example Cont. 

Example 
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