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Abstract

By developing the Density Functional Theory (DFT)-based Synthetic
Growth Concept (SGC) [1]understood as structural evolution by
sequential steps where each one is defined by the previous relaxed
state, Fig. 1, we are able address structural evolution and growth of
inherently nanostructured tunable thin films for advanced surface
engineering.

In addition, the SGC is the theoretical tool behind designing new low-
dimensional and graphene-like thin films, by assessing their
functionalization (e.g., fluorination and hydrogenation of 2D
graphene-like structures [2]) and structural assembly, precursor control
and self-organization [3].

Perceiving the Fullerene-like (FL) thin solid films as an entirely new
class of C-based thin films, we have employed SGC to understand and
control the structural properties and bonding organization of
Fullerene-like Carbon Nitride (FL-CNXx). FL-CNx is now industrially
applied under the trade name of “rubber diamond” exhibiting
outstanding hardness and resilience.

By employing SGC, we predicted FL Phospho-carbide (FL-CPx) and
successfully guided its deposition by magnetron sputtering. FL-CPx
samples characterization by variety of techniques confirmed the SGC
predictions for remarkable mechanical properties of FL-CPx (hardness,
elasticity, etc.) [4].

The purpose of this presentation is to emphasize, within the context of
SGC and its transferability, how modelling can guide the tuning and
functionalization of nanostructured thin films. This will be exemplified
by the two most recent members of the particular class of FL thin films,
namely, the Sulpho Carbide (CSx) [5] and the Carbon Fluoride (CFx)
[6].

While the CSx thin films, similarly to what already happened with FL-
CNx can find applications as hard and resilient coatings, the very
recently synthesized tunable CSxFy thin films are especially attractive
as protective coatings with outstanding mechanical resilience and with
tunable surface properties [7].
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Figure: Synthetic growth with structure evolution by sequential
addition of precursors to phospho-carbide (CPx): from a tetragonal
defect to an onion-like conformation.
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