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Acids and Bases

Arrhenius/Ostwald (1887):

Acids = substances that form H+ (e.g., HCl)

Bases = substances that form OH- (e.g., NaOH)

Salts consist of an acid and a base, taste salty and dissociate in solution

 This concept stems from Arrhenius’ theory of electrolytic dissociation (i.e., 
electrolytes dissociate in aqueous solution to give positively and negatively 
charged parts of the molecule). Arrhenius named these charged parts ions
(Greek: ion = wandering). Before he advanced his concept, it was thought that 
acidity is related to H atoms.

Cation = ion that moves to the cathode during electrolysis

Anion = ion that moves to the anode during electolysis



2

Brønsted/Lowry (1923):

Brønsted Acid (BA) = proton donor (to H2O to form H3O+)

Brønsted Base (BB) = proton acceptor (from H2O)

Which compounds are BA, which ones are BB?

HCl
F-

HSO4
-

NH3
H+

NH4
+

H3O+

[Al(H2O)5(OH)]2+

SO3

ACID + H2O BASE + H3O+
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Acid/base systems are not restricted to just water:

Example: Liquid NH3

2 NH3 ↔  NH4
+ + NH2

- ion product (K) = 10-32

 The solvent influences the acidity/basicity of a compound

 For example: Acetic acid is a strong acid in NH3, a weak acid in H2O and 
a strong base in H2SO4.

 Differentiating solvent: H2O for most organic acids

 Leveling solvent: H2O for HCl, HBr
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Lewis (1938):

Lewis Acid (LA) = electron pair acceptor

Lewis Base (LB) = electron pair donor

 Lewis’ concept of acids and bases is proton-independent (the idea was that the 
acidic proton needs an electron pair to complete its valence shell, and so should 
other acids)

 Lewis’ concept also states that LA and LB form LA:LB complexes or adducts

example: BF3←:NH3



Hard and soft acids and bases

Ahrland, Chatt & Davies (1958): Classification of metals into class a and class b

Class a ions: most metals

Class b ions: Cu2+, Ag+, Au+, Cd2+, Hg2+, Hg2
2+, Pb2+, and heavier 

transition metal ions

Pearson (1963): Designation of class a ions as hard acids, and of class b ions as 
soft acids. Bases were classified accordingly.

Hard acid/base: less easily polarizable (for acids: small, high charge)
Soft acid/base: more easily polarizable (for acids: large, low charge)

More stable acid-base complexes are formed when:
A hard acid combines with a hard base
A soft acid combines with a soft base
Useful concept for predicting stability and reactivity!



Acids
Hard: H+, Li+, Na+, K+

Be2+, Mg2+, Ca2+, Sr2+, Mn2+

Sc3+, La3+, Co3+, Cr3+, Fe3+, Al3+, Ga3+, As3+

Ti4+, Zr4+, Th4+, U4+, Pu4+

BF3, BCl3, AlCl3
SO3

Borderline: Fe2+, Co2+, Ni2+, Cu2+, Zn2+, Sn2+, Pb2+

Rh3+, Ir3+, Bi3+

SO2

Soft: Pd2+, Pt2+, Pt4+

Cu+, Ag+, Au+, Cd2+, Hg2+, CH3Hg+, Tl+

-acceptors
Br2, Br+, I2, I+
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Bases 
Hard:   NH3, RNH2, N2H4 
  H2O, OH-, O2-, ROH, RO-, R2O 
  CH3COO-, CO3

2-, NO3
-, PO4

3-, SO4
2-, ClO4

- 
  F-, (Cl-) 
Borderline: C6H5NH2, N3

-, NO2
-, SO3

2-, Br- 
Soft:  H-, R-, C2H4, C6H6, CO 
  SCN-, R3P, R2S, RSH, RS-, S2O3

2-, I- 

Bases become harder when they are:
 smaller, more electronegative (e.g., Cl- is harder than S2-)
 more highly oxidized (SO3

2- is harder than S2-)

Note: charge has no noticeable effect! (e.g. the hardnesses of O2-, OH-, H2O are almost identical)

7



8



9

Quantitative treatment 
of HSAB by Pearson

Compare to:

Hard: large difference between 
I and A (a large η denotes a 
hard acid or base)
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Energy levels for halogens
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Quantitative treatment of HSAB by Drago and Wayland (1965)

Acid-base parameters reflect electrostatic and covalent contributions to reactivity

Reaction 
enthalpy 

E: measure of electrostatic interactions (ionic)
C: measure of covalent interactions
A, B: acid, base

reference 
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Quantitative treatment of HSAB by Drago and Wayland (1965)
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Superacids

 Superacid = an acid stronger than 100% H2SO4
 Used for the preparation of carbocations (important 

intermediates in plastic production)
 Example reactions:

Alien (1979)

George Olah
(Nobel Prize 1994)

CH4 + H+ →  CH5
+

CH5
+  → CH3

+ + H2
H2CO3 + SA ‐> C(OH)3+
H2 + H+ → H3

+



Examples of superacids
 HClO4 → 10,000,000 × stronger than H2SO4

 Disulfuric acid (H2S2O7) → 10,000 × stronger than H2SO4

 Fluorosulfuric acid (HSO3F) → 1000 × stronger than H2SO4

 Triflic acid (CF3SO3H) → 1000 × stronger than H2SO4

Values in italics are not certain



Examples of superacids

 MAGIC ACID (HSO3F / SbF5) → 10,000,000,000 × stronger than H2SO4

 Fluoroantimonic acid (HF / SbF5)  → 1,000,000 × stronger than Magic acid


