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The pressure scale of the universe spans roughly fifty
orders of magnitude, and yet most chemistry is carried
out under atmospheric pressures. We already know that
under the colossal pressures found in the center of stars,
chemistry as we know it makes way for nuclear fusion—
but what happens at intermediate pressures? Do chemical
syntheses follow the same rules under planetary core
pressures that they do under standard pressures? And in
what ways do electronic and magnetic structure respond
as atoms are forced closer to each other? We can begin to
answer such questions using handheld devices known as
diamond anvil cells (DACs), which are able to provide
access to static pressures on the order of millions of
atmospheres—the same pressures found deep within our
planet.

This talk will discuss the use of the DAC as a
reaction vessel for the synthesis of novel binary
intermetallic compounds that are unattainable under
ambient pressures, with a focus on in situ XRD
experiments performed at the HPCAT beamlines at the
Advanced Photon Source. The combination of laser
heating methods with highly focused and high-brilliance
radiation is ideal for the real-time detection of new
intermetallic phases forming under extreme conditions of
temperature and pressure, and has led to the discovery
and characterization of a number of new compounds that
cannot be synthesized by traditional solid-state
techniques [1-5]. The unprecedented bonding and
structure exhibited by the compounds we have
synthesized hint at the enormous potential of high-
pressure synthesis as a route toward materials with exotic
emergent properties.

Figure 1. Schematic representation of the synthetic phase space
opened up by the use of high pressure as an additional
thermodynamic variable, allowing for the discovery of novel
intermetallic compounds such as FeBi2 and Cu11Bi-.
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