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Diamondoids, also called “nanodiamonds”, can be regarded as extraordinary small

fragments of a diamond lattice. They naturally occur in virtually all petroleum and are

composed of fused cyclohexane rings all in chair conformation forming a cage structure.

These nanodiamonds have shown potential in many research fields, e.g., nanotechnology,

pharmacology, petroleum geochemistry. Although lower diamondoids (adamantanes,

diamantanes and triamantanes) have been formed in laboratory experiments by super-acid

rearrangement of a wide variety of isomeric precursor molecules, the origin of diamondoids

in nature has puzzled organic geochemists for several decades.

In this study, we attempt to ascertain the organic precursors, formation mechanisms,

and fate of diamondoids, which may shed light on the lifecycle of diamondoids in nature.

The present work has clearly demonstrated that diamondoids in nature originate from

petroleum or petroleum precursor molecules through molecular rearrangements involving

numerous carbonium ion intermediates in the presence of acidic clays. The pattern of

diamondoid formation follows carbonium ion mechanisms rather than free radical

mechanisms, as supported by the findings that acidic clays largely facilitate the generation of

diamondoids from kerogen compared with S0 and other minerals (Wei et al., 2006a).

Diamondoid analysis was performed on a large set of oil and condensate samples. Our

results indicate that diamondoids become enriched in oil as oil cracking increases (Dahl et

al., 1999). Despite their high stability, diamondoids are perishable in nature. Compelling

evidence can be provided by thermal destruction of diamantane at high temperatures in the

laboratory, by a dramatic drop in the abundance of diamondoids in the extracts of highly

mature coals and sedimentary rocks (Wei et al., 2006b), and by the biodegradability of

adamantane in petroleum reservoirs where microbial activities are evident. Therefore,

diamondoid cage compounds have their lifecycle in nature: birth, enrichment and demise

(Figure 1).
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Figure 1. General schemes for formation of petroleum hydrocarbons and diamondoids,
concentrations of diamondoids in liquid hydrocarbons, and stages of coal rank as a function
of thermal maturity of the source rock, showing the “lifecycle” of diamondoids in nature.
Coal Rank = stages of coal rank; OM ES = main stages of evolution of organic matter; HC
Zone = main zones of hydrocarbon generation; MG = metagenesis; MP = metamorphism;
Zone I = diamondoid birth/generation; Zone II = diamondoid generation and enrichment;

Zone III = diamondoid destruction.
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