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THE GROWING THREAT OF TERROR BY PEROXIDE-BASED EXPLOSIVES
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The 2005 terrorist bombings in London were not just another link in a long chain of terror attacks on civilian targets. They demonstrated the intolerable potential for a new kind of terrorism with peroxide-based explosives, such as TATP and HMTD. The threat arises primarily from the fact that these explosives are very easy to make by anyone, without any training. Furthermore, these materials, which serve as both detonator and main charge, can be initiated by a spark, minor friction or impact. It is particularly alarming that these explosives, which are easily made from cheap raw materials that are available in the free market, are very difficult to detect.

This report covers several research projects on peroxide-based explosives in an effort to develop methods for their detection, characterization and prevention. For example, the thermal decomposition pathway of TATP was investigated by a series of calculations that identified transition states, intermediates, and final products (1). These studies predicted that the detonation of TATP is not a thermochemically highly favored event. It rather involves entropic explosion, which is the result of formation of one ozone and three acetone molecules from every molecule of TATP in the solid state. These predictions were confirmed by experiments in which TATP was initiated by a pulse laser (Nd/Yag) and the event was monitored by a fast camera (10,000 frames per second). Under the appropriate conditions we could produce either deflagration or detonation of TATP. When deflagration was carried out under air it was always followed by the development of a fireball. However under nitrogen atmosphere no flame was produced. 

A useful Peroxide Explosives Tester (PET) was developed on the basis of an enzyme-catalyzed chemical reaction that produces a characteristic color in the presence of few nanograms of the explosive material. This small-size, disposable device is particularly designed for non-experts to allow fast identification of suspected materials in a variety of settings.

We have found several polymorphic crystals of TATP, each exhibiting different morphologies (needles, prisms, plates), which may precipitate concomitantly from the same solution, depending of the acid catalyst used in the synthesis. Three polymorphs were fully characterized by singe crystal X-ray crystallography. All polymorphs have neither solvent nor acid present in their unit cell. They all have TATP molecule with D3 conformation, which can be described by the chirality of helices, based on the torsional angles within C-O-O-C moieties. The dissimilar occupancies of the corresponding helices between different polymorphs are significant. The X-ray powder diffraction (XRPD) patterns of various TATP samples showed similar reflections but failed to distinguish between the various samples. Differential scanning calorimetry (DSC) measurements with the pure polymorphs confirmed that their relative thermal stabilities allowed thermal phase transitions from one polymorph to another. 
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