Onium Ions

(Olah, Laail, Wang and Prakash, Onium Ions, Wiley & Sons, New York, 1998)
Introduction. The ammonium ion (NH4+) and the hydronium ion (H3O+) are familiar examples of a class of positive ions called onium ions. They are formed when an unshared pair of electrons on the central atom with zero formal charge (NH3 or H2O in these examples) is used to form an additional covalent bond. All of the other members of the nitrogen family and the oxygen family can form analogous positive ions. Less familiar are the halonium ions, created when an unshared electron pair on a halogen forms an additional bond. All of the halogens can form halonium ions.

The chart below gives the names and general structures of the onium ions. The attached atoms are typically hydrogen and/or organic substituents (R groups).
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ammonium              oxonium              fluoronium 







phosphonium           sulfonium             chloronium







arsonium                  selenonium           bromonium







stibonium                  telluronium           iodonium







bismuthonium

An ion like (CH3)3S+, for example, is called the trimethylsulfonium ion. Protonated methanol, CH3-OH2+, is methyloxonium ion. The unsubstituted oxonium ion, H3O+, has the special name hydronium ion.

(over)
Halonium ions. Shown below are examples of some known halonium ions. Their relative stabilities depend on their structures. Those that possess alkyl groups tend to be the least stable because they are susceptible to nucleophilic substitution by SN1 or SN2 mechanisms. For example, a compound like 



dimethylbromonium bromide, below, would rapidly react by an SN2 mechanism in which bromide ion is the nucleophile and methyl bromide is the leaving group. Methyl bromide is actually a very good leaving group because the positive bromine becomes neutral.






If the halonium ion is cyclic, the substitution leads to an open-chain structure. There is convincing evidence that cyclic halonium ions are intermediates in the halogenation of alkenes.






Aromatic compounds do not react by SN1 or SN2 reactions, so halonium ions of this type are rather stable.

All of the above halonium ions of course require a negative counterion. This can be a halide ion in the case of aromatic halonium ions, but aliphatic halonium ions require a non-nucleophilic counterion. Very stable non-nucleophilic ions such as SbF5Cl– are often used.

