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ABSTRACT
MAX phases are layered hexagonal carbide and nitride compounds
with the general form Mn+1AXn, where M is a transition metal, A is a
main group element, and X is either carbon or nitrogen. In this
investigation, we will be observing the constitutions of the MAX
phases, their structures, stabilities, and other properties. Here, we will
be investigating the stability of the various MAX phases, and
attempting to understand the reasons for the formation of different
compounds.

The density of states informs us of the available states for the system, and
the breakdown for each atom’s contribution to these. Reading the DOS
curve, the higher the density at a particular energy, the more states
available to be occupied. Referring to the DOS graph above, take notice
how the M and X atoms strongly contribute to the total DOS curve. That
indicates the strengths of the bonding between the two atoms. Also, take
notice that as we approach the Fermi Energy, the reaction between the M
and A atoms strengthens a bit, however, not as strong as that of the M – X
atoms. To further confirm our intuition, we look at the Crystal Orbital
Hamilton Populations (COHP). The COHP indicates at which energies we
have bonding (+) and antibonding (-) interactions between particular
atoms.

INTRODUCTION
To begin our investigation, we have revisited a few MAX phases to confirm their
behavior and properties. Let us take a close look at some depictions of the MAX
phases.

The bonding pattern of TaC, Ta2AlC, Ta3AlC2, Ta4AlC3, and TaAl

CONCLUSION

The COHP of Ti2GeC – displaying the stability around the fermi energy (EF)

Types of MAX phases composed of X-centered M-Octohedra with the A atom separating the MX layers

Black is carbon, blue is the transition metal and red is the main group atom. To
obtain a better sense of the reaction contribution of each element, we calculated
the density of states (DOS) of each element

Analyzing the COHP curve above, the bonding between Titanium and
Carbon (Ti – C) is very strong, stronger than any other bonding taking
place this compound. The result is coherent to what is observed in the
DOS curve. As we approach the Fermi energy, the bonds stabalize,
indicating more of paramagnetism state.

MA vs. MX BONDING
Investigating the MAX Phases, we decided to compare the bonding
strengths of the MA and the MX, for we wish to know how far we can
move in either direction of the periodic table with respect to the transition
materials. Due to finding that the MX bonding tend to be of higher
strength than that of MA, we looked at the bonding as we increase the
layers. Our finding is as displays below
TaC Ta4AlC3 Ta3AlC2 Ta2AlC TaAl

The Density of States (DOS) curves for Ti2GeC, including projected DOS curves (pDOS) for each of the elements
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We also investigated the bonding strengths through other atomic
compounds to observe the trend. Thus far, the bonding strengths is of
the same pattern, the individual bonding grows weaker with more layers,
the overall strength is greater than that of less layers. Below is a
depiction of our observation.

In conclusion, we have come to notice the structural layers could be
increased indefinitely. However, having additional layers would not be
structurally beneficial, due to the weaking of the various bondings as the
number of layers increase.
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