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[bookmark: _Toc103118773]1. Context
The paper documents the findings of an attempt to produce a red coloured pyrotechnic for use in both military signalling and civilian firework displays without the use of strontium or chlorinated organic materials.
The US EPA (Environmental Protection Agency) has environmental regulatory concerns that the development of lithium-based, red-light-emitting pyrotechnic compositions will address. The formulations described are based on a non-hygroscopic dilithium nitrogen rich salt. Previous attempts have struggled with hygroscopic (atmospheric water absorbing) constituents, low colour purity and oxidisers that are no longer environmentally acceptable.
The paper was written by Johann Glück et al for the Angewandte Chemie journal as part of the German Chemical Society in 2017, this version is the International Edition.
[bookmark: _Toc103118774]2. Analysis
7% of public water systems in the USA have concerning levels of strontium present and research has shown strontium can negatively affect bone strength so formulations without it need to be developed. Lithium based alternatives have been considered to generate the red light. Previous attempts along with the previously mentioned properties have also had more components than the new formulation making it harder to synthesise.
Colourant 3 is the denomination for the new formulation (dilithium 3,3’-diamino-4,4’-dinitramino-5,5’-bi-1,2,4-triazolate trihydrate). It was synthesised through the deprotonation with LiOH, where a proton is transferred and the molecule becomes more electron rich, of the formulation 5,5’-diamino-4,4’-dinitramino-3,3’-bi-1,2,4-triazole. It is both an oxidiser and a colourant, reducing the number of components in the pyrotechnic formulation. Two lithium based formulations (A and B) using Colourant 3 were compared to a Control pyrotechnic that uses strontium where A and B had an increased burn duration and dominant wavelength within 2nm of the control. Formulation B had an increased spectral purity over A and the Control and also a higher decomposition temperature, making it safer to handle. A chromaticity diagram showed that A and B are capable of being a red-light emitter whilst also being free of halogens and strontium.
[bookmark: _Toc103118775]3. Significance
The selected article on pyrotechnic illuminants is important as it details a way to reduce the environmental impact of a currently existing product whilst also making it less sensitive and less complex to synthesise. It details the findings with evidence such as emission spectra and chromatography to confirm that the produced wavelengths are within the red region.
The paper contributes a formulation for a strontium free alternative for red-light emitters, as it set out to achieve.
