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Because of its large charge to radius ratio, the unassociated proton (H+) 

does not exist in ordinary chemical systems; in pure acids, the hydrogen atom 

is covalently bonded to the rest of the molecule, and in aqueous solutions the 

proton is hydrated. There is evidence that the proton bonds to a water mole­

cule by means of a pair of electrons of the oxygen atom to form an ion, 

H 30 +, called the hydronium ion. The three hydrogen atoms of the H30 + ion 

are equivalent, and the ion is in the form of a trigonal pyramid with the 

oxygen atom at the apex. The hydronium ion is known to occur in a few 

crystalline hydrates of acids such as H 30+, Cl04 -; H 30+ , Cl-; and H30+, 

N03 -. 

Thermal and electrical conductivity experiments indicate that the H30 + 

ion is associated with three additional water molecules (by means of hydrogen 

bonds, Section 8.11) in water_solution, and a pyramidal H 9 0 4 + ion has been 

postulated (Figure 3.17). Other types of experimental evidence tend to 
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Figure 3.17 Proposed structure of H9 0 4 + ion. ls,.,/~ct:;., q. ~ <-? 3 ," """'''''-' ) 
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The insolubility of the silver salts of Cl - , Br-, and 1- is the basis of a H 
common test for these halide ions; AgCl is white, AgBr is cream, and Agi is '"') 
yellow. The silver halide precipitates may be formed by the addition of a ~ K I 
solution of silver nitrate to a solution containing the appropriate halide ion. ~. 
Silver iodide is insoluble in excess ammonia; however, AgCl readily dissolves 
to form the Ag(NH3)2 + complex ion and AgBr dissolves with difficulty. Silver 
fluoride is soluble; generally, MgF2 or CaF2 precipitates are used to confirm 
the presence of the fluoride ion in a solution. 
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