
ACIDI E BASI 



Acid-Base Concepts 

The Acid-Base Concept 
  There are many acid-base definitions, each at times 

useful 
  Acid-Base concepts are not facts or even theories, but 

are useful generalizations for classification, and 
organization 

  Acid-Base concepts are powerful ways to explain data 
and predict trends 
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  Superacids = acids stronger than H2SO4  
  Hammet Acidity Function = Ho  

B = nitroaniline indicator used as the base 

Lewis Superacids are often made by protonating an already strong acid 
  This is often done using HF as the acid to be protonated 
  It requires a very stable anion to make the reaction proceed 

  2 HF   +   2 SbF5                H2F+   +   Sb2F11
-   (Fluoroantimonic acid) 
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Factors that Determine Acid Strength: 

•  Anything that stabilizes a conjugate base A:¯ makes the 
starting acid H—A more acidic. 

•  Four factors affect the acidity of H—A. These are: 


  Element effects (trends in periodic table) 


  Inductive effects (electronegativity) 


  Resonance effects (multiple resonance structures) 


  Hybridization effects (sp, sp2, sp3) 

Acids and Bases 
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Factors that Determine Acid Strength: 

•  No matter which of these factors is discussed, to compare the 
acidity of any two acids: 

o Always look at the conjugate bases. 

o Determine which conjugate base is more stable. 

o The more stable the conjugate base, the more acidic the acid. 

•  The strengths of a conjugate acid and its conjugate base are 
inversely related. 

•  A strong conjugate base has a weak conjugate acid. 

•  A weak conjugate base has a strong conjugate acid. 

Acids and Bases 
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Factors that Determine Acid Strength: 

Element Effects—Trends in the Periodic Table. 

Across a row of the periodic table, the acidity of H—A 
increases as the electronegativity of A increases. 

Positive or negative charge is stabilized when it is spread over 
a larger volume. 

Acids and Bases 
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Factors that Determine Acid Strength: 
Element Effects—Trends in the Periodic Table. 

•  Down a column of the periodic table, the acidity of H—A 
increases as the size of A increases. 

•  Size, and not electronegativity, determines acidity down a 
column. 

•  The acidity of H—A increases both left-to-right across a row 
and down a column of the periodic table. 

•  Although four factors determine the overall acidity of a 
particular hydrogen atom, element effects—the identity of A—
is the single most important factor in determining the acidity of 
the H—A bond. 

Acids and Bases 



     Binary Hydrogen Compounds 
  Acidity increases down a column of the periodic table 

  H2Se > H2S > H2O 
  HI > HBr > HCl > HF 
  Conjugate bases of larger ions have lower charge density, thus a 

smaller attraction for H+  

  Acidity increases from left to right of the periodic table 
  NH3 < H2O < HF 
  The more electronegative the conjugate base is, the easier is it 

for H+ to dissociate 
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Factors that Determine Acid Strength:  Inductive Effects 

•  An inductive effect is the pull of electron density through σ bonds caused by 
electronegativity differ-ences between atoms. 

•  In the example below, when we compare the acidities of ethanol and 2,2,2-
trifluoroethanol, we note that the latter is more acidic than the former. 

Acids and Bases 
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•  The reason for the increased acidity of 2,2,2-trifluoroethanol is that the three 
electronegative fluorine atoms stabilize the negatively charged conjugate base. 

•  This effect is limited to a three bond distance. 

Factors that Determine Acid Strength:  Inductive Effects 

Acids and Bases 
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Factors that Determine Acid Strength:  Resonance Effects 

•  Resonance is a third factor that influences acidity. 

•  In the example below, when we compare the acidities of ethanol and 
acetic acid, we note that the latter is more acidic than the former.  

Acids and Bases 
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Factors that Determine Acid Strength:  Resonance Effects 

•  When the conjugate bases of the two species are compared, it is 
evident that the conjugate base of acetic acid enjoys resonance 
stabilization, whereas that of ethanol does not. 

Acids and Bases 
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•  Resonance delocalization makes CH3COO¯ more stable than CH3CH2O¯, so 
CH3COOH is a stronger acid than CH3CH2OH.  

•  The acidity of H—A increases when the conjugate base A:¯ is resonance 
stabilized. 

Acids and Bases 

Factors that Determine Acid Strength:  Resonance Effects 



29 

•  The final factor affecting the acidity of H—A is the hybridization. 

•  The higher the percent of s-character of the hybrid orbital, the closer the lone 
pair is held to the nucleus, and the more stable the conjugate base. 

Let us consider the relative acidities of three different compounds containing C—H 
bonds. 

Acids and Bases 

Factors that Determine Acid Strength: Hybridization Effects 
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Acids and Bases 
Factors that Determine Acid Strength: Hybridization Effects 

Figure 2.4  Electrostatic Potential plots 
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Figure 2.5  Summary of the factors that determine acidity 

Acids and Bases 
Factors that Determine Acid Strength:  Summary of Effects 



   Steric Effects 
  Steric bulk can repel an acid-base partner, modifying the acid-base 

strength 
  F = front strain = direct steric interference at the site of interaction 
  B = back strain = bulky groups interfere opposite the interaction site 

upon binding as the molecule adjusts its VSEPR geometry (BF3 
example) 

  The order of basicity can scramble depending on bulk of the acid 



   Solvation 

  Solvation is interaction with solvent molecules 

  Basicity in water:  NHMe2 > NH2Me > NMe3 > NH3  
  By induction, the more substituted amine should be the 

most basic 
  This amine has less H’s to interact with water 
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4) The stronger acid the cation is, the less soluble the hydroxide 
complex is.  OH- can’t dissociate to dissolve because of strong charge 
attraction. 

We can use this property to estimate the acid strength of the 
cation 
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Lewis Acids and Bases: 

• The Lewis definition of acids and bases is more general 
than the BrØnsted-Lowry definition. 

• A Lewis acid is an electron pair acceptor. 

• A Lewis base is an electron pair donor. 

•  Lewis bases are structurally the same as BrØnsted-Lowry 
bases.  Both have an available electron pair—a lone pair or 
an electron pair in a π bond. 

• All BrØnsted-Lowry acids are also Lewis acids, but the 
reverse is not necessarily true. 

Acids and Bases 
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Lewis Bases: 
• A BrØnsted-Lowry base always donates this electron pair 

to a proton, but a Lewis base donates this electron pair to 
anything that is electron deficient. 

• Common examples of Lewis bases (which are also 
BrØnsted-Lowry bases) 

Acids and Bases 
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Lewis Acids: 
• A Lewis acid must be able to accept an electron pair 

and can be any species that is electron deficient and 
capable of accepting an electron pair. 

• Common examples of Lewis acids (which are not 
BrØnsted-Lowry acids) include BF3 and AlCl3.  

Acids and Bases 
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Electrophiles and Nucleophiles: 
•  A Lewis acid is also called an electrophile. 

•  When a Lewis base reacts with an electrophile other than a proton, the Lewis 
base is also called a nucleophile.  In this example, BF3 is the electrophile and 
H2O is the nucleophile. 

A Lewis Acid-Base Reaction: 

Electrophile     Nucleophile 

Acids and Bases 
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•  Two other examples are shown below.  Note that in each reaction, the 
electron pair is not removed from the Lewis base.  Instead, it is donated to 
an atom of the Lewis acid and a new covalent bond is formed. 

Lewis Acid-Base Reactions: 

Acids and Bases 
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