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Active intermediates and nonelementary rate laws 

 For the reaction 

The order is noninteger 

 For the reaction 

 Rate laws of this form usually involve a number of elementary reactions and at least 

one active intermediate 
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 An active intermediate is a high-energy molecule that reacts virtually as fast as it is formed. 

 It is present in very small concentrations. 

 The net rate of formation of an active intermediate (e.g. A*) is zero 

Active intermediates and nonelementary rate laws 
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Example 

R1 
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Example Cont. 

 The reaction is elementary, the rate of formation of the active intermediate 

 The active intermediate (activated complex) may  

i. Become deactivated through collision with another molecule 

 

 

 

 

ii. Decomposes spontaneously to form ethane and nitrogen: 

R2 
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Example Cont. 

R3 
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Example Cont. 

R1 R2 R3 

Use the pseudosteady-state hypothesis (PSSH) 
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Example Cont. 
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Example Cont. 
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 In describing reaction orders for this equation, one would say the reaction is apparent first 
order at high azomethane concentrations and apparent second order at low azomethsne 

concentrations 

Example Cont. 
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Example Cont. 

 RULES OF THUMB FOR EVELOPMENT OF A MECHANISM 
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Example 

 The reaction is first order but the reaction is not elementary. 

 The reaction proceeds by first forming an active intermediate          from the collision of the 

reactant molecule and 'an inert molecule of M 

 This wildly oscillating active intermediate is deactivated by collision with inert M 

 Or it decomposes to form product. 
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Example Cont. 
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Finding the Reaction Mechanism 

 To propose a mechanism that is consistent with the rate law which has been synthesized from 

the experimental data.  

1. Assume an activated intermediate(s). 

2. Postulate a mechanism, utilizing the rate law obtained from experimental data, if possible. 

3. Model each reaction in the mechanism sequence as an elementary reaction. 

4. After writing rate laws for the rate of formation of desired product, write the rate laws for 

each of the active intermediates. 

5. Use the PSSH. 

6. Eliminate the concentration of the intermediate species in the rate laws by solving the 

simultaneous equations developed in steps 4 and 5. 

7. If the derived rate law does not agree with experimental observation, assume a new 

mechanism and/or intermediates and go to step 3. A strong background in organic and 

inorganic chemistry is helpful in predicting the activated intermediates for the reaction 

under consideration 
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Example 
Light is given off when a high-intensity ultrasonic wave is applied to water. This light results 

from micro-size bubbles (0.1 mm) being formed by the wave and then being compressed by it. 

During the compression stage of the wave, the contents of the bubble (e.g., water and whatever is 

dissolved in the water CS2, O2, N2) are compressed adiabatically.  

This compression gives rise to high temperatures, which generate active intermediates and cause 

chemical reactions to occur in the bubble.  

 

The intensity of the light given off, I, is proportional to the rate of deactivated and activated water 

molecule that has been formed in the micro-bubble 

An order-of-magnitude increase in the intensity of sonoluminescence is observed when either 

carbon disulfide or carbon tetrachloride is added to the water. The intensity of luminescence, I, 
for the reaction 
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Example Cont. 
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Example Cont. 
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Example Cont. 

 Rule of thumb 1: Species having the concentration appearing in the denominator of the rate A 

law probably collide with the active intermediate. 

This suggests that alcohol (X) collides with the active intermediate: 
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Example Cont. 

leads to postulate (rule of thumb 3) that the active intermediate was 

probably formed from CS2: 
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Example Cont. 
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Example Cont. 
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Chain Reactions 

 A chain reaction consists of the following sequence 

Example 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Example Cont. 
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Enzymatic Reaction Fundamentals 

 An enzyme is a high-molecular-weight protein or protein-like substance that acts on a 

substrate (reactant molecule) to transform it chemically at a greatly accelerated rate, usually 

103 to 1017 times faster than the uncatalyzed rate. 

 Enzymes are usually present in small quantities and are not consumed during the course of the 

reaction nor do they affect the chemical reaction equilibrium.  

 Enzymes provide an alternate pathway for the reaction to occur thereby requiring a lower 

activation energy, 

 Enzymatic pathways have lower activation energies, enhancements in reaction rates can be 

enormous 

 An important property of enzymes is that they are specific; that is. One enzyme can usually 

catalyze only one type of reaction 
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Uncatalyzed reaction  

Catalyzed reaction  

Enzymatic Reaction Fundamentals 
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Enzymatic Reaction Fundamentals 

Where 
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Enzymatic Reaction Fundamentals 
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Concentrations of the free or unbonded enzyme 

(Et): total concentration of the enzyme in the system 

Enzymatic Reaction Fundamentals 
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Assuming the concentration of water is constant and dividing the numerator and denominator by k1

Enzymatic Reaction Fundamentals 

Where 
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Enzymatic Reaction Fundamentals 
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Enzymatic Reaction Fundamentals 

For Evaluation of Michaelis-Menten Parameters 
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Enzymatic Reaction Fundamentals 
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Enzymatic Reaction Fundamentals 
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Enzymatic Reaction Fundamentals 
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Batch Reactor Calculations for Enzyme Reactions 
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Batch Reactor Calculations for Enzyme Reactions 
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Inhibition of Enzyme Reactions 

 In competitive inhibition another substance, I, 

competes with the substrate for the enzyme 

molecules to form an inhibitor-enzyme complex 
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Inhibition of Enzyme Reactions 

 The inhibitor has no affinity for the enzyme itself and thus does not compete with the substrate 

for the enzyme; instead it ties up the enzyme-subs complex by forming an inhibitor-enzyme-

substrate complex. (I .E.S) which is inactive. 
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Inhibition of Enzyme Reactions 

 In noncompetitive inhibition, also called mixed inhibition, the substrate and inhibitor 

molecules react with different types of sites on the enzyme molecule. Whenever the inhibitor 

is attached to the enzyme it is inactive and cannot form products 
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Inhibition of Enzyme Reactions 


