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 Chemical kinetics: The study of the rates of chemical 
reactions. 
–  Consider the reaction that takes place when chloromethane 

and sodium iodide are dissolved in acetone; the net ionic 
equation for this reaction is: 

–  To determine the rate of this reaction, we measure the 
concentration of iodomethane at periodic time intervals, say 
every 10 minutes. 

Chemical Kinetics!
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Chemical Kinetics!
Changes in the concentration of B in the system A 

—> B with respect to time.  
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Reversible Reactions!
 Equilibrium: A dynamic state in which the 
rate of the forward reaction is equal to the 
rate of the reverse reaction. 
– At equilibrium there is no change in 

concentration of either reactants or products. 
– Reaction, however, is still taking place. 

Reactants are still being converted to 
products and products to reactants, but the 
rates of the two reactions are equal. 
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Equilibrium Constants!
 Equilibrium constant, K: The product of the 
concentrations of products of a chemical 
equilibrium divided by the concentrations of 
reactants, each raised to the power equal to its 
coefficient in the balanced chemical equation. 
–  For the general reaction: 

–  The equilibrium constant expression is: 
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Equilibrium and Rates!
 There is no relationship between a reaction 
rate and the value of K. 
– Reaction rate depends on the activation energy of 

the forward and reverse reactions. These rates 
determine how fast equilibrium is reached but not 
its position. 

–  It is possible to have a large K and a slow rate at 
which equilibrium is reached. 

–  It is also possible to have a small K and a fast 
rate at which equilibrium is reached. 

–  It is also possible to have any combination of K 
and rate in between these two extremes. 
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Le Chatelier’s Principle!
 Le Chatelier’s Principle: When a stress is 
applied to a chemical system at equilibrium, 
the position of the equilibrium shifts in the 
direction to relieve the applied stress. 
  
 We look at three types of stress that can be 
applied to a chemical equilibrium: 
–  addition of a reaction component 
–  removal of a reaction component 
–  change in temperature 
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Arrhenius Acids and Bases"
 In 1884, Svante Arrhenius proposed these definitions:  

–  Acid: A substance that produces H3O+ ions in aqueous solution. 
–  Base: A substance that produces OH- ions in aqueous solution. 
–  This definition of an acid is a slight modification of the original 

Arrhenius definition, which was that an acid produces H+ in 
aqueous solution. 

–  Today we know that H+ reacts immediately with a water molecule 
to give a hydronium ion. 
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Brønsted-Lowry Acids and Bases"
–  Acid: A proton donor. 
–  Base: A proton acceptor. 
–  Acid-base reaction: A proton-transfer reaction. 
–  Conjugate acid-base pair: Any pair of molecules or ions that can 

be interconverted by transfer of a proton.  
–  Brønsted-Lowry definitions do not require water as a reactant. 
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Acid-Base Equilibria"
–  We know that HCl is a strong acid, which means that 

the position of this equilibrium lies very far to the right. 

–  In contrast, acetic acid is a weak acid, and the 
position of its equilibrium lies very far to the left. 

–  But what if the base is not water? How can we 
determine which are the major species present? 
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pH	  

pH = -log[H+] 

214- M101]OH][H[ −+ ⋅==wK

14]OHlog[]Hlog[ - +=−− +

14pOHpH =+



Acids	  



pH	  Buffers	  

 
–  How does an acetate buffer resist changes in pH? 
–  If we add a strong acid, such as HCl, added H3O+ ions react with 

acetate ions and are removed from solution: 

–  If we add a strong base, such as NaOH, added OH- ions react 
with acetic acid and are removed from solution: 
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Buffers	  
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