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Precise Molecular Design of Organic Friction Modifiers by Large-Scale Molecular
Simulations, Advanced Measurements, and Chemical Syntheses
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Aiming to establish systematic molecular design guidelines for organic
friction modifiers (OFMs), we advanced our research through the collaboration of large-scale
molecular simulations, advanced measurements, and chemical synthesis. Specifically, we established
large-scale molecular simulation methods and measurement techniques that can verify and complement
the simulation results. Additionally, we designed and synthesized new OFM molecules. Based on these
foundations, we tackled the hierarchical correlation between the nano- to macro-scale
characteristics of lubrication systems containing OFMs with different molecular structures. These
characteristics included the nano-scale characteristics of OFM molecules, the micro-scale
characteristics of OFM adsorption films, and the macro-scale friction and wear properties of the
system.



23%

OFM 14444444444

RIRITER
i,
OFM (Bt
b
1 OFM
Organic Friction

Modifier: OFM 1 (@) R (b R

OFM J — .
10" "NH v
OFM
2a o<
1 L OHi
7
OFM
2(a) OFM  (b)
Amide-TEMPO OFM
OFM OFM
OFM TEMPO 2b
OFM Amide-TEMPO
OFM
OFM
OFM
3
D
OFM
OFM
Molecular Dynamics. MD MD nm
ns pm us 2

MD

2
OFM



o © OFM

OFM
Quartz Crystal Microbalance: QCM

Atomic Force

Microscope: AFM Eyring
3  OFM
OFM
)
TEMPO _OFM
TEMPO OFM
N OFM
TEMPO OFM
3 TEMPO
OFM
TEMPO
. " OFM
4 OFM
MD -
OFM
2
QCM
AFM
OFM
AFM Eyring Eyring
OFM
3  OFM
OFM
OFM
OFM
1000 All-atom dj'l,Our CcG

—_ A

g p; &

E ? 4

a 1

= /.~ Conventional CG
A7

/x ) (: : ':>
0 0.8 1.0 ( ‘ \
p [g/em3] e

3 Amide-TEMPO



Chen Xingyu Yang Juntao Yasuda Koji Koga Nobuaki Zhang Hedong 38

Adsorption Behavior of TEMPO-Based Organic Friction Modifiers during Sliding between Iron Oxide 2022

Surfaces: A Molecular Dynamics Study

Langmuir 3170 3179
DOl

10.1021/acs. langmuir.1c03203

Hou Jinchi Tsukamoto Masaki Hor Seanghai Chen Xingyu Yang Juntao Zhang Hedong Koga 11

Nobuaki Yasuda Koji Fukuzawa Kenji Itoh Shintaro Azuma Naoki

Molecules with a TEMPO-based head group as high-performance organic friction modifiers 2022

Friction 316 332
DOl

10.1007/s40544-022-0610-0

Tang Jiahao Kobayashi Takayuki Zhang Hedong Fukuzawa Kenji Itoh Shintaro 25

Enhancing pressure consistency and transferability of structure-based coarse-graining 2023

Physical Chemistry Chemical Physics 2256 2264
DOl

10.1039/D2CP04849C

Hou Jinchi Tsukamoto Masaki Zhang Hedong Fukuzawa Kenji [Itoh Shintaro Azuma Naoki 178

Characterization of organic friction modifiers using lateral force microscopy and Eyring 2023

activation energy model

Tribology International

108052 108052

DOl
10.1016/j . triboint.2022.108052




Chen Xingyu Inayoshi Koya Zhang Hedong Koga Nobuaki Fukuzawa Kenji [Itoh Shintaro Azuma 187
Naoki
Effect of water on mechano-chemical reactions of perfluoropolyether lubricant films in heat- 2023

assisted magnetic recording: A reactive molecular dynamics study

Tribology International

108674 108674

DOl
10.1016/j . triboint.2023.108674

Tang Jiahao Chong William Woei Fong Zhang Hedong 12

Coarse-Grained Molecular Dynamics Simulations of Organic Friction Modifier Adsorption on Rough 2024

Surfaces under Shear

Lubricants 30 30
DOl

10.3390/1ubricants12020030

13 0 5

Seanghai Hor,

2021

2021

William Woei Fong CHONG

2021

2021




Hong Lian Low, Seanghai Hor,

2021

2021

Jinchi Hou, Yurun Li, Hedong Zhang, Kenji Fukuzawa, Shintaro Itoh, Naoki Azuma

Measurement of friction and contact behavior between sliding surfaces lubricated with molecularly thin liquid films

2022 JSME-11P/ASME-ISPS Joint Conference on Micromechatronics for Information and Precision Equipment (MIPE2022)

2022

Xingyu Chen, Koya Inayoshi, Takumi Aoto, Hedong Zhang, Kenji Fukuzawa, Shintaro Itoh, Naoki Azuma

Mechanochemical reactions of perfluoropolyether lubricant films in the presence of water and oxygen molecules: a reactive
molecular dynamics study

2022 JSME-11P/ASME-ISPS Joint Conference on Micromechatronics for Information and Precision Equipment

2022

Kimberly Ming-Xia Foo, Juntao Yang, Xingyu Chen, Koji Yasuda, Nobuaki Koga, Hedong Zhang

Effect of functional group and chain length on the structure and strength of adsorbed films of TEMPO-based organic friction
modifiers: a computational study

2022 JSME-11P/ASME-ISPS Joint Conference on Micromechatronics for Information and Precision Equipment

2022




TEMPO

2022
2022
Eyring
2022
2022

Himanshu Shekhar, Yuma Chikazawa, Xingyu Chen, Hedong Zhang

Molecular Dynamics Study of Conformations of Polyalkylmethacrylates in Oil and on Iron Oxide Surface

International Tribology Conference 2023 (17C2023)

2023

Kimberly Ming-Xia Foo, Xingyu Chen, Juntao Yang, Hedong Zhang

Molecular Dynamics Study of Shear-induced Desorption Behavior of TEMPO-based Organic Friction Modifiers

International Tribology Conference 2023 (17C2023)

2023




TEMPO

2023
2023
, Shekhar Himanshu, , ,
PAMA
2023
2023
, Kimberly Ming-Xia Foo, ,
TEMPO
2023
2023

http://www.is.nagoya-u.ac.jp/dep-cs/nanosurf/index.html

http://www.is.nagoya-u.ac.jp/dep-cs/tsukamoto/




(Tsukamoto Masaki)

(10362295) (13901)
(Yasuda Koji)
(70293686) (13901)




