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Monolayer-based Lubrication at the
Nanoscale
BACKGROUND

« High surface area-to-volume ratios

Defining a Chemical Parameter Space
for Screening
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Insights from Single-component
Systems (cont.)
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Structure-Property Relationships in
Mixed Systems (cont.)
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 Monolayers feature many structural
parameters that can be tuned, e.g.

Chain length
* Terminal group composition
 Monolayer chemistry has been shown to
be highly linked to tribology, e.q.

Increased adhesion due to inter-
monolayer hydrogen bonding

« Can MD be used to screen monolayer
chemical space and yield insights into
ideal monolayer characteristics for
lubrication?

SCREENING MONOLAYER GHEMICAL SPACE WITH MoSDEF

 MoSDeF (Molecular Simulation and Design Framework) provides an
architecture (as a collection of synergistic Python packages) to
perform screening of soft materials (e.g. monolayers)

mBuild! - Model construction; provides a means for the definition of
robust classes for initializing complex molecular systems

Rendering of an alkylsilane
monolayer film attached to a
crystalline silica surface

SINGLE-COMPONENT

SYSTEMS MIXED SYSTEMS
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— 5 chain lengths (5, 8, 11, 14, 17)
—> 16 terminal group chemistries
—> 5 monolayer configurations

—> 7 terminal group chemistries (top)

—> 5 monolayer configurations

— 16 terminal group chemistries (bottom)

(after removing

400 total [80 unique chemical] 420 total systems [84 unique chemical]

systems state points state points

Structure-Property Relationships in
Mixed Systems

ASSIGNING MOLECULAR DESCRIPTORS

» Correlations between terminal group chemistry and tribology are
examined by assigning molecular descriptors to each system

Descriptors (e.g. asphericity, dipole moment) calculated for each terminal
group (the dangling bond is capped by a hydrogen)

- As each system features two different terminal groups, correlations
between tribological properties and descriptor means are examined

« Dimensionality reduction (low variance filter, removal of highly
correlated features)

COEFFICIENT OF FRICTION (COF)

Yoy
@G/O

N 7Rg O@o
X <
%

DMom

Corrgram displaying correlations between the adhesive force ]
Dipole moment

and the three descriptors with the highest correlations.
Variable distribution is shown along the diagonal and the raw
data is shown in the upper triangle.

« Several strong correlations are found between
terminal group descriptors and adhesive force

« Groups with high dipole moments and many atoms
with large absolute partial charges feature high
values of adhesion

» |ncreased planarity yields higher adhesive forces

Possibly a sampling issue (multimodal distribution)
*  Currently searching for a mechanistic explanation
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