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Development of in-situ observation technique for friction interface using vibrational

spectroscopy
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Fig. 1 Schematic of in-situ measurement of friction

CEENDKROREZENEREFRICEEREZHATVDLZLEHL interface using FT-IR.

Rotation
Direction

Lubricant

Infrared
Detector

P I AR w27 2024 & R TR
90



NI L7z, EHAWTZOBRBIERET 55 2T, L DB O 9

B b7 b B b b RSB S HENT LA AUE A b 7 ggﬁﬁgc DR
W SHIE OB E TR D W LT
0° ~90° QL /

4 SFGARERV:EBREOZOSHE kil |

SFG 43t & V7= JIE Tid, S E TIEASHICH T 54 TEM D% 0 L
EABESNTEE DI, FﬁTTiﬁﬁTw%w SFRIC T = o :
RGP U 5 28 Bk O %% (TR AT O IRARIZ R 2 @I 23 Bl S h LWﬁ J
TWb, &5 U B RICER S B OS2 32 5 'E:>’i
ﬁ97~Hﬂfﬁh%Lt%®EEﬁﬁmﬁﬁﬁm%ﬂméhfw |nm7 :
%9, FEHFHEOEAM FIZHBN T, B Tk 2 4 il '
S o KMEER S 2B T B BN R o T, X B Fjjf —
AT FHEE VAL L= ATkt L, AW Tl o BRI 13 R
D X b ARVR B TH B = & BT, Sm W

VIS
— 7 IBANCRNAN 2 5 A 72 % TOREBE E TH O - BEE |

@%@%Eﬁd%i i’bi’f1§J75>f£< Fx DR MAEMIILDTTH D

1010, SFG JIIELE TR 2 12T L 9 BBk 2 8 L7, H Al

L:Ck%)i'%ﬁ@;@\ji@%%f&@’ébgibkéf_&) RO B VR D

AHFHEICH LT LY B FAE2E 25591 LTWWA, n- Fig 2 Schematic of in-situ measurement of friction
RFHACAT TV WA RN L3RRI & D T R E 4T L interface using SFG.

@ DB O FEEIC DWW TN LR, 277 U U ERIEERm I

A LERBZRIES BV L/'Cb\éfﬁ HEMO L I ENFH~DOEFNERT I ENALNE o7, S OIZEBEEICE

T AEBRTIE, BEIZL A0 TREROIR, REBRREE ST L L THLNIL TS,

5. BhYIC

R85 j‘c%{f%ﬂ%b\tﬁ*ﬁﬁﬁ%0)%éﬁh?§&ﬁf IOWTHEH LTz, TOHBERICIV L OMEANELN DD, T)E
B EE R L7 0582121, L DB L w 5 B A% @%’J?ﬁ@%ﬁ:ﬁ:%é FT, RmEITHFET D5
DL %Térﬁi&ﬁ)%ﬁ;ﬂéﬂﬁﬂﬁb NEXR, MEl2ED, 5%OILRIEENPMFREIND,

3R

1) S. Mori: In Situ Observation of Lubricating Films by Micro-FTIR, Advanced Analytical Methods in Tribology.
Microtechnology and MEMS, ed. M. Dienwiebel & MI. De Barros Bouchet, Springer (2018) 215.

2)  F. Mangolini, A. Rossi & N. D. Spencer, Tribochemistry of Triphenyl Phosphorothionate (TPPT) by In Situ Attenuated Total
Reflection (ATR/FT-IR) Tribometry, J. Phys. Chem. C, 116, 9 (2012) 5614.

3) H. A. Spikes, In Situ Methods for Tribology Research, Tribol. Lett. 14 (2003) 1.

4) xR - B AR - FEE U BT OAAL AT 4 — BN OB EDOREIE, T YT =rre
2—, 19(2014) 159.

5) R - P = - B EA R A XV VT LRA T RIKDBE BRI T D KO R, A AR S
CEE C W, 79 (2013) 3272.

6) S. Watanabe, K. Takiwatari, M. Nakano, K. Miyake, R. Tsuboi & S. Sasaki: Molecular Behavior of Room-temperature lonic
Liquids under Lubricating Condition, Tribol. Lett. 51 (2013) 227.

7) 0. Berg & D. Klenerman: Vibrational Spectroscopy of Mechanically Compressed Monolayers, J. Am. Chem. Soc., 125, 18
(2003) 5493.

8)  C.Meltzer, J. Paul, H. Dietrich, C.M. Ja Ger, T. Clark, D. Zahn, B. Braunschweig & W. Peukert: Indentation and Self-Healing
Mechanisms of a Self-Assembled Monolayer—A Combined Experimental and Modeling Study, J. Am. Chem. Soc., 136, 30
(2014) 10718.

9)  A. Ghalgaoui, R. Shimizu, S. Hosseinpour, R. A Lvarez -Asencio, C. Mckee, C. M. Johnson & M. W. Rutland: Monolayer
Study by VSFS: In Situ Response to Compression and Shear in a Contact, Langmuir, 30, 11 (2014) 3075.

10) S. Watanabe, M. Nakano, K. Miyake & S. Sasaki: Analysis of the interfacial molecular behavior of a lubrication film of n-
dodecane containing stearic acid under lubricating conditions by sum frequency generation spectroscopy, Langmuir, 32, 51
(2016) 13649.

11) S. Watanabe, C. Tadokoro, K. Miyake, S. Sasaki, & K. Nakano: Processes of molecular adsorption and ordering enhanced by
mechanical stimuli under high contact pressure, Sci. Rep. 12 (2022) 3870.

b4 R E P —E32024 F B THISE
91





