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Despite the wide use of MoDTC friction modifier additives in commercial formulations, the mechanism of

the decomposition of  these complexes to form MoS2 tribolayers was longly debated. Our first  principles

simulations allowed to clarify many key aspects of this problem. The atomistic simulations provided new

insights on the dissociation mechanism of MoDTC additives, allowed to describe the key role of oxygen in

this tribochemical reaction and provided a detailed characterization of binuclear MoDTC and its mononuclear

analogues, which were until now mostly neglected. These results are of fundamental importance to better

understand the functionality of these successful friction modifiers.

Keywords: MoDTC, lubricant additives, tribochemistry, friction modifiers, QM/MM

1. Introduction

Among  lubricant  additives  and  friction  modifiers,

molybdenum dialkyldithiocarbamates  (MoDTC) are

widely employed in the field of automotive due to

their capability to reduce the friction coefficient  of

around  one  order  of  magnitude.  Their  remarkable

performances  in  reducing  friction  are  due  to  their

ability to form beneficial tribofilms of molybdenum

disulfide (MoS2) in the contact region. However, the

mechanism of formation of such tribofilm, including

the dissociation process  of  MoDTC, is  a  matter  of

debate.  Density  functional  theory  (DFT)  is  the

perfect  tool  of  investigation,  as  both the  electronic

and ionic degrees of freedom of the chemical species

are  taken  into  account,  which  are  essential  for  an

accurate description of the chemical processes and to

rule the functionality of lubricant additives. The aim

of this study is to provide an extensive description of

the chemical and physical properties of MoDTC and

to describe its behaviour in tribological conditions.

2. Methods

A  combination  of  static  and  dynamic  DFT

calculations  was  performed with  different  software

suites to understand the tribochemical properties of

MoDTC.  The  tribological  performance  of  the

additives was investigated by means of a QM/MM

approach  which  follows  a  subtractive  scheme  to

compute the total energy of the system [1].

3. Discussion

By  evaluating  the  strength  of  the  bonds  in  the

complexes,  both  isolated  or  adsorbed  on  iron,  the

catalytic  effect  of  the  metallic  substrate  clearly

emerged:  iron  is  able  to  change  the  dissociation

pattern suggested by the bond strengths in the isolated

compounds [2]. Moreover, the substitution of S atoms

by oxygen is favorable for a wide range of conditions

and the dissociation pattern changes depending on the

position of the oxygen atoms in the molecule.

Figure 1: Lateral (left) and top (right) views of an oxidized

MoDTC molecule between two iron slabs that can release
small units of MoS2 on the surface.

When the O atoms are in the ligand position, units of

Mo and S with the correct stoichiometry to form MoS2

can be released on the surface [3]. Our first principles

calculation  also  reveal  that  the  adsorption  and  the

decomposition of MoDTC are strongly hindered when

the surface is  oxidized,  in perfect  agreement with the

experiments  carried  out  in  parallel  to  verify  our

predictions.  The  extensive  characterization  of  the

binuclear  and  mononuclear  MoDTC  compounds

allowed  us  to  bridge  a  gap  in  understanding  the

formation of beneficial MoS2 tribofilms from MoDTC

and  demonstrated  the  full  capability  of  the

computational  tools  in  aiding  the  design  of  more

efficient friction modifiers.
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