Autocatalytic bulk thermal polymerisation of malononitrile dimer:
An effective synthetic route for cyano-based polymers
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The malononitrile dimer, 2-amino-1,1,3-tricyanopropene (ATCP), is a well-
known compound in heterocyclic and diversity-oriented organic synthesis.
Beyond its recognised synthetic versatility, this study identifies ATCP as a
promising amino-nitrile monomer for the one-pot synthesis of nitrogen-rich
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conjugated organic materials with triazine linkages. Differential scanning
® ® \ calorimetry (DSC), under dynamic and isothermal conditions, confirmed the
: bulk polymerisation of ATCP, which occurs upon melting at relatively low
temperatures without solvents, catalysts, or initiators. The polymerisation
A follows an autocatalytic mechanism, and the Kkinetic triplet—activation
g\.&‘ ‘\.& energy (Ea), pre-exponential factor (A), and mechanism function f(a)—was
® N ¢ determined from non-isothermal data. Isothermal experiments (180-230
¢ ¢ °C) revealed temperature-dependent reaction orders, indicating a complex
mechanism. The effect of air confirmed the non-radical nature of the
process. Fourier transform infrared (FTIR) and nuclear magnetic resonance
Pyrimidine mOtifSJ (NMR) spectroscopies supported the formation of triazine-based polymeric
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networks. Complementary TG-DSC and in situ mass spectrometry (MS)
revealed simultaneous deamination and dehydrocyanation as likely
elimination reactions during polymerisation. This work provides the first
comprehensive kinetic and mechanistic study of ATCP polymerisation,

highlighting its potential as a functional monomer for soft, nitrogen-rich
materials relevant to advanced materials science.
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