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Motivation & Background

Molybdenum disulfide (MoS2)

Space:

operate in vacuum (+atomic oxygen in
low earth orbit)

store months — years before use;
generally non-serviceable

operating temperatures from 50 — 300K,
depending on location

large investments of time and money

many mechanisms operate in run-in
regime dominated by aging mechanisms
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T-dependence µ= µ(T, P) and S = S(T) via MoS2 Friction
Experiments
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Curry and Hinkle, et al., ACS Appl. Nano Mater. (2018) 1, 10
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Curry and Hinkle, et al., ACS Appl. Nano Mater. (2018) 1, 10
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Effect of Water on Friction of MoS2
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Water adsorption and diffusion
throughout a surface layer interrupts
ultra low friction.

; sliding surface
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/1.

Molybdenum Disulphide surface

[1] Pritchard, C. and J.W. Midgley, Wear, 1969. 13(1): p. 39-50.

0 10 20 30 40 50 60 70

Relative Humidity (%) at Specimen Temperature

Sandia National Laboratories



Intro Experiments
00 000

Stoich Defects
01100 00 00 0 0 0 0 0 0 0 0 00 00 00 00 0 0

Summ Strain Acknow
O 000

Effect of Water on Friction of MoS2; 700nm2 Flakes
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Effect of Water on Friction of MoS2
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Effect of Water on Friction of MoS2
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NEB Flake Rotation and Incommensurate Slide with H20 and 02
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Effect of Water on Friction of MoS2
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Effect of Water on Friction of MoS2
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Effect of Water on Friction of MoS2

Termination of bonding sites with Sulfur atoms
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Defects: Exposed Mo
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Defects: Exposed Mo with Oxygen
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Defects: Exposed S
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Defects: Exposed S with Oxygen
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Defects: Exposed S with H20

Jmo

OH

OH

pure• 
0 
0099 9 0

dee~
000

9 90 9

Oxygen

‘.11,

9 S

••••••••••••
•

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•

•
• • •(-)•-

• •••
•• •

Sandia National Laboratories



Intro Experiments Stoich Defects Summ Strain Acknow
00 000 0000000000 0000000000000000 O 000

Defects: Added S (66.8% S, 33.2% Mo)
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Defects: Added S (66.8% S, 33.2% Mo) with Oxygen
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Defects: Added S (66.8% S, 33.2% Mo) with H20
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Defects: Mo removed (67.0% S, 33.0% Mo)
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Defects: Mo removed (67.0% S, 33.0% Mo) with Oxygen
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Defects: Mo removed (67.0% S, 33.0% Mo) with H20
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Effect of Water on Friction of MoS2

0.25

0.2

E 
0.15

O

cs 
0.1

0.05

Commensurate

—stoich pure
—half S terminated, pure
— -half S terminated, with Oxygen

half S terminated, with Water

1.094 2.188 3.282

Angstroms

4.376

2,900 K

2,320 K

1,740 K

1,160 K

580 K

5.47

Sandia National Laboratories



Intro Experiments Stoich Defects Surnm Strain Acknow
00 000 0000000000 0000000000000.00 O 000

Effect of Water on Friction of MoS2
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Effect of Water on Friction of MoS2
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Effect of Water on Friction of MoS2
Incommensurate sliding Incommensurate sliding
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Effect of Water on Friction of MoS2

co Defects (edge changes) affect barrier far more than H20/02/0
around edges, but only commensurate barrier.
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Effect of Water on Friction of MoS2

co Defects (edge changes) affect barrier far more than H20/02/0
around edges, but only commensurate barrier.

Q Water between flake and substrate; possible "third body effect"
G. He, M.M. Wiser, M.O. Robbins, Science, 284 (1990).
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Effect of Water on Friction of MoS2

co Defects (edge changes) affect barrier far more than H20/02/0
around edges, but only commensurate barrier.

Q Water between flake and substrate; possible "third body effect"
G. He, M.M. Wiser, M.O. Robbins, Science, 284 (1990).

• DFT/MD calculations with Quentarius Moore (DOE CSGF Fellow,
Texas A&M).
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Effect of Water on Friction of MoS2

• Defects (edge changes) affect barrier far more than H20/02/0
around edges, but only commensurate barrier.

o Water between flake and substrate; possible "third body effect"
G. He, M.M. Wiser, M.O. Robbins, Science, 284 (1990).

• DFT/MD calculations with Quentarius Moore (DOE CSGF Fellow,
Texas A&M).

O Effect of strain/deformation on chemistry and reactivity with
environment.

Sandia National Laboratories



Intro Experiments Stoich Defects
00 000 0000000000 0000000000000000

Summ Strain Acknow

Indentation of MoS2
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Strained MoS2 and increased reactivity
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Strained MoS2 and increased reactivity? Accelerated MD?
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