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Plan of lecture

A A brief history of tribology

A Modeling of AFM experiments

A Coarse grainded models of ionic liquids
A Magnetic cubes

A Future (water, scale trancending systems)



A brief history oftribology:
guest for controlled experiment
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A brief history oftribology

Early history (three laws):

Law of Leonardoda Vinci):
Friction is independent on the area of contact.

Law of Euleand Amontons
Fricitonis proportional to the loading force.

Law of Coulomb:
Friction is independent on the velocity.



History oftribology
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B&T model assumes that friction Is proportional
to both the real area of contact and a mean
lateral force per unit area, the stalled shear
strength.

Contact area Is approximately 1% of visible area




History oftribology

F. P. Bowden and D. Takpr
Hertzianelastic theory

non-linear frictionload dependence F~(129
but load on single asperity L*4

Wehpn 2SS O2dz R LINR OGS
F. P. Bowden and D. Tabor law with
atomic force microscope (AFksid
friction force microscope (FFM).



B.Vasic A. Matkovic, R.Gajig IS,Wear Propertiesof GrapheneEdgedProbedby Atomic
ForceMicroscopyBasedLateralManipulation, Carbon107,723(2016).

ASo far, graphene mechanics was investigated by AFM @obee graphené

AFM probe

Graphene

AOur aim:

force applied on graphene edgessponse of graphene flakes lteral forced

AFM probe

Graphene



rties of graphene

nd electrica
gl:d by atomic force microscopy
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Borislav Vasi¢

Center for Solid State Physics and New Materials
Institute of Physics Belgrada ia

Barcelona, 29 Januat
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Simple model > big system
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Imulations
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MD simulations
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Wear properties of graphene edges probed by atomic
force microscopy based lateral manipulation

B.x I amadl G 1 ,RMA &IASO

Carbon 107, 72332 (2016)



Superlubricityfor nanotech

Probe

Macroscalesuperlubricityenabled by graphenaanoscrolformation
Diana BermanSanketA. Deshmukh Subramanian K. R.&ankaranarayanam\liErdemir &
AnirudhaV. Sumani Science348, 11181122 (2015)

Superlubricityin centimetreslong doublewalled carbomanotubesunder ambient conditions
RufanZhang ZhiyuanNing, YingyingZhang QuanshuiZzheng Qing ChenHuanhuanXie Qiang
ZhangWeizhongQian& FeiWei

Nature Nanotechnology, pages912916(2013)



Organic crystals ographene

B.+ I &I8,&Aa | (1 2MIKvalzer C.GanseyR.D | 2QiTéichert

Molecules on rails: friction anisotropy and preferential sliding directions of organic
nanocrystalliteson two-dimensional materials

Nanoscalel0, 1883518845 (2018).



Organic crystals ographene
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