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Indium nitride (InN) and Gallium nitride (GaN) are 111/V group, isostructural (i.e., wurtzite type
cell) and direct band gap semiconductor materials, which are vastly studied by the scientific
community due to their interesting and complementary electrical and optical properties. More
specifically, InN has Eg of 0.69 eV (short wave infrared) [1], while, on the contrary, GaN
possesses Eg of 3.47 eV (near UV) [2]. This huge discrepancy of their physical characteristics
comes from an enormous difference in the lattice parameters, determined by the In-N 30%-
larger bond. Consequently, if GaN is obtained in several forms (e.g. films and single crystals)
through different complementary techniques, InN synthesis results to be far more complex,
ineffective and with low yield, usually involving the use of toxic reactants and solvents [3-6].
Noteworthy, the low dissociation temperature and instability of this compound establishes the
very weak nature of the In-N bond, which limits the InN application at the lab scale and mainly
confined to research scopes.

Here we introduce the innovative high pressure/high temperature InN and GaN solid state
synthesis, performed through a multi-anvil apparatus. The presented processes are simple
nitridation reactions of the respective binary oxides by LisN, which are vastly available and
relatively low-cost reagents. Surprisingly, our comprehensive study allowed to find a small
thermodynamic interval where both materials can be obtained, precisely at 3 GPa and 500°C.
These (P,T) conditions are in the operational range of the piston cylinder end-loaded apparatus,
which is a simple, robust, effective, toxic-free and low-cost system which permits to produce
large amount of material. This translates, at least for InN, in a lower production price and
consequently in a higher industrial scalability with respect to the currently available techniques
previously described; at the same time, it opens some perspectives in the study of the direct
reaction of (In,Ga)N solid solutions, which still represent one of the principal challenges in the
scientific community of semiconductors.
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