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The elementary steps in the surface tribochemistry of model lubricant additives is studied in ultrahigh vacuum
(UHV) and the stress-dependent reactions rate is measured using a UHV atomic force microscope (AFM) and
is accurately modeled using first-principles density functional theory (DFT) calculations.
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1. Introduction

It is becoming increasing clear that tribochemical
reactions of lubricant additives are mechanochemical
processes induced at the sliding interface [1], yet the
mechanism by  which  mechanochemical and
tribochemical reactions occur are not well understood.
The first theoretical analysis of the effect of stress on
reaction rates was by Evans and Polanyi [2] who showed
that the reaction rate increased exponentially with stress,
which later became known to the chemistry community
as the Bell model [3]. A knowledge of the elementary
steps in the tribochemical reaction pathways is required
to be able to test tribochemical model and develop
theories to understand and predict mechanochemical
reaction rates. This is accomplished in this work by
investigating the mechanisms of a simple model
tribochemical reaction consisting of dimethyl disulfide
(DMDS) reacting with copper, and the decomposition of
carboxylic acids with different functional groups on
copper. The normal-stress dependent rate of
decomposition of methyl thiolate on a Cu(100) simple
crystal is measured using AFM, where it is confirmed that
the reaction rate increases exponentially with applied
stress as predicted by Evans and Polanyi. This system is
sufficiently simple that it is amenable to analysis by DFT
which enables the experimentally measured rates to be
predicted quantitatively.

2. Methods

Experiments were carried out in UHV using a tungsten
carbon ball sliding against a copper surface. The rate of
reaction was measured using a UHV AFM by
compressing an adsorbed overlayer with an AFM tip to
mechanically induce decomposition. The results were
analyzed using first-principles DFT calculations as
implemented by the Vienna ab-initio simulation package
(VASP).

3. Results

The surface reaction steps for DMDS decomposition
are shown in Fig. 1. Reaction is initiated by S—S bond
scission to form a stable adsorbed methyl thiolate species
that decompose under shear [4]. The surface chemistry of
adsorbed carboxylic acids is studied using similar
strategies, where it is found that the chemistry is
controlled by the reactivity of the carbonaceous group.
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Figure 1: Reaction pathway for the mechanically induced
decomposition of methyl thiolate species on copper.

4. Discussion

The rate of methyl thiolate decomposition (Fig. 1)
under the influence of a normal stress is measured using
an AFM and modeled by DFT (Fig. 2) where the
calculations accurately predict the experimental reaction
rate.
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Figure 2: Illustration of the experimental and theoretical
approach to modeling tribochemical reaction rates..
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