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Effects of Solvation and Adsorbed Molecules on Surface Forces in Water
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The following three results were obtained: (1) surface force between sphere
and plane in water was measured as a function of surface distance using a surface force apparatus
with ultra-high resolution, (2) the effects of solvation and adsorbed molecules on the surface force

for some material combinations were clarified by comparing with the measurement results in vacuum
or air, and (3) numerical calculation program to simulate the surface force measurements using the
surface force apparatus was developed.



¥ X C—19,. F—19—1, 2—19 (58

1. WSO ER

i JE 7 B R BN O AT T d 2 R B R OGO S 572 5 @R b & 5 W i3 MR Bt
I, RSN - BB DTZOIZR ZENRTERNLDOTH D, FrIC, MRGHREE O
FRHER) 2 14 5 BB S AT DTSR W TIE, UM SR O RS 28 & 2 HH T 2 0EDRH Y |
WUNEEIZ I T 2 WERBIE « N T A A n P —BIROMA L £ OISR, I HITIERGHFRE Y
—/VOMESIDY, ~N— R T = 7RO & U TRERAIRER D,

ZOBUNMEIICRB T AMHBRAICER LI 0D—2 L LT, FEMINH 5, FHEE 13T
L 2 REREMICEH HThDH, 20T WER ORI THRAEL, v~/ v A r—
JVCITEME IR E NEOERE ) LR D LB TE D1FE/ NI, LinL, BTl X9 2tk
WONUCIZENR T — VR L DTe D BEE NIRRT 7 o TN T — VR T), A=A A%
ORMEM NN, RN TSI R E L 25 (REMIEA T —/L D 2 FTHAT 2 DIk
L. KRIX3 /TR T2720), £72. L YBEAZ AT 5 EEEMEROEESETH, B
KR OB - L 5B K DEET), BE1FOREM D PAERDEEICKE R EE2 Kk
FE9, 6T, REMENIMEOMAEDEPLRIR, RELHEIIL > TRELENT D, &
D F DIz, R NI N OEB MR B BRI R A A3 2 2 LT | R ) D%
AT = XN & R E DR, & HITIXENE BIE L oG R IESCENERRIT ik, BLO
Z OHIEFAM OB NIE L 72> T D,

FMAM L, JAFRITITBEESOBIEEOEN T OB G 205 L2 b O ThH DH M, AFET
ZEA TR DT OB EEZ D Z LT 5, REMATEL T, 1956 42 Lifshitz (Lifshitz EM
(1956) Soviet Phys JETP,2,73) INBGRHIIRBFZE 21T > T\ 5, EOt%, KM )& B L7k
PR ER GG~ & %8B L7z (Johnson KL, et al. (1971) Proc R Soc Lond Ser A, 324, 301; Derjaguin BV, et
al. (1975) J Colloid Interface Sci, 53, 314; Maugis D (1992) J Colloid Interface Sci, 150,243 %), F7=.
[E RS R & B L 72T 1T T 5 (Israelachvili IN (1972) Proc Roy Soc Lond Ser A,
331, 39; Matsuoka H, et al. (2005) Microsyst Technol, 11, 824 %) , A 4 < o i@ f) /1 E 2>\ T
I, BRI OWIR S 1 ORI (& k) 12 X 2% EF ) OWE (Christenson HK, et al.
(1982) J Colloid Interface Sci, 88, 79; Matsuoka H, et al. (1996) Trans ASME J Tribol, 118, 832 %) <°E)
72 2B O M E (Granick S (1991) Science, 253, 1374; Dushkin C, et al. (1997) Colloids Surf A:
Physicochem Eng Asp, 131, 129; Fukuzawa K, et al. (2003) IEEE Trans Mag, 39, 2453 %), i +W%
EHREFEOMAE/ERJJHE (Klein et al. (1982) Nature, 300, 429; Maclntosh et al. (1986) Biochemistry,
25, 4058; Taunton HJ, et al. (1990) Macromolecules, 23, 571 %) M1 T\5b, LovL, HHL
TWAMEIOMAEDEIER LN TV D B2, 2 b ORERRICITERk 2 Z2kmM 1ok sy (7
7T NT =V AT, BN, WART), SRR, SR ) BEENATEREY ., 2nb o
DXBLHIRKFIZHE B L TEORHEZGR LTV 2D b OO, AFRKMEM 1R85 0 /3Bt - i A3 @kl
WZATON TV D LITE W, T70bb, ERT — 200 —7 74 ML TRIA—F%
FHIT 5 Z ENE L ZOFRERITIENR Y DIXLOENA LI, EEMRFMEITIICE EE o
TWD, E-T, ZHOEREM D% L0 @RI L, £ ORMEZ L0 EEAIZFETR -
FEIS 2 2 L8 Z OIIE B OIRDEFETH 5.

2. WEOAMN
AWFFED BHIE, RIA T TORER S 2515 L LT IO E R ~OEEEF S L O 55
FORBELHLNNITH L THD, L BEIIIE,

(A) BEEREEREM DN EESE 2 D CRIET TOER - L oRER /% 2 i o B
ELTHIEL, ZhEBEZEF - 28 CORMEREE T2 Z Lok > T, Fx oMk
DFATE E T OWEDIREI I L OWES T ORBLZHL NI TH L

(B) LitoRlEEEEHWGEoFREME Y I = b— a3 U ERITWV, RP R E R ORF
PEFRI « Boor it A2 X0 SRS EEICAT O FEEBRRE T L 2 &

Th5b,

3. MREDFHE

ECRUTEARMZED B O BARRY 72 2 DO E(A), BIZOWT, k] ((REH) 1X(A)EB)
DO—H, A () 1ZB@)O—EEHY L, AREISEE L TEZ 2T 5, FHBIZE
T OMREMANEEELR LICEL DD, R, ERTHWDLRENDNELE (SFA) X, BLFD
T U F=2 At ESF-5000K & H\ %, ZAuZ, Zfr% 0.1 nm LA FORGE CHIET 2 Z &3 T
X REFEHMO T A — A —T OBEREEREN AR TH L7720, ThEFIM L CTHx O
M ORE M NE 2T > 72, HHT 2B, FmlLs U =& PEEK, EKiX PDMS, #IRITAK
Z AWz,

4. MERE
SR AEE (PHAEE) 1T, BFOBERERD DHEEEAZ LR L, BB L0 D R



LTWRAET CHLRENIEZRETEDH LD
WL, IR TH oo E R < T
XL EEMHER L, ZThEHWTKT
TORMEIFHUFERZITV, AL LT
FRICEBWT 2 HOEfNZELR P L0 LR
OMCHELTT S 2 b BL OS] EEE L
DEEETINREL D L2 BR LT,
ZhiE, KOARAT A XHE L OEIRER
W5 COVEEEFN ) &R E EFICERT 2
LOTHDEEZOND, £7=, £ /1l
ERBEZET ML, TOVIalb—v

a VNIEF L, RmEhhx JKR O
Bl REL, YIalb—ar VT b
DORFEIT-7= (K1),

SR 4FE QFR) X, 5lEkEkF
TOEREZITV, L0 EEEICHEBRED
BWT—ZEZETEDL Xk T,
BRlZ, BT - Sl & B U E 2B (bS8 TE
DOREIIOEALEBE L, 72, iK+
TOEEE EOWAE 77T & & &I HEE
LoDORMENERET DLEMEND
QCM % K if1 /) E 218 |\ DA A Fx . K iHi
71 L RIFFIZ QCM DA E s 7 - &2 HlE

1 WFERNA - B - B

(A)YERIEEFN « W25 43Ry F HH SR

- RE M1 BIEBERD - W35 55 1Ry O Tk
DA%

- TR IERN D 522 D R MR

< W5 5y DB O KRR

- Fl 4 OMEHZ L 5 FE5R

HY . i WFTRNES), FEMBhE

FERERARE - K JHEEE (SFA), %FE SFA

TN, B, REEDGE, T — & A

FH R

|V F—=2F 74— Ny

Bzl —va v - BERERELA~DIGH

< Bk - SFEMoOMAERERE W= Rm HElE
R (SFA) OV 2 b—3 3 U FEORBRE L
NIzl —ar A

- KB L O L OEEE R L OB
(kA )

HY o)l WFgERE), R

ERERRME : I 2 L— 3 R ER

T
101
E ®: Experimental values
®: Theoretical results
W
)
2 ok
73
[
c
g
|5}
<
=
|5}
2 o
&
A
1 1 1 1 1
—40 -20 0
Time, ¢, s
B1 REMADEES I 22—

10000 ———F—————T—

With high
frequency shear]
PDMS - Au

—_ ESF data
—— QCM data

5000

Contact . 110

Displacement of probe, z, nm

I

Separation

ZH ‘v ‘Ygiys Kouenbaly jueuosay]

-50 0 50
Time, t, s

X2 i/ - QCM [ E

(W1)

400

800

Displacement of probe, z, nm

PDMS-PEEK
» Water

— (W3)

=3
T

|
]
=
=)

. Displacement of probe, z, nm

.
=

—&0

(W) (W2) (W3)

(W4)
X3 JKHPICRT DRI & 2 mOEARIKE

> o (—
(W5) (W6) __RY




THFEOHBEICEFT LE (K 2), £/, FEERBICEF LV Iz b—va V7 e
— 22, MRS LOEARKEBETE L L 2N BEETTo 7,

SRS EE GER) X, BB IR TKRPTErAZRE Lz, ZO/E., K
Gl 2 B O van der Waals I3 285 L0 H 89\ 7205 IALFREENS/NE K 72 0 D8k
REDOBENLEAL DR/ D 2 b, AT —V ERHIFT 2 @ROKOEEIZL Y AT —Y LAH
ENRFECTHEROBMEENR 2D Z L. AT — Y EREOFR IR E R 7 ~D KD
B L DRI X > THEIKRE BN KT 2 KBEOEWHEFE DO B ENBIEZ S D 2 L&D
Ohkleote (M 3), £, H#MAOEEENEZEE LI 2 b—rva v iclTsERLE
11-7,



1 1 0

Y. Hanamitsu, T. Ishikawa, M. Hasegawa, H. Kobayashi and H. Matsuoka

Dependence of Adhesion Force on Withdrawal Speed in Water

2024

Tribology Online

DOl

17 0 5

2023

2023

2023

2023

Yuki Hanamitsu, Takumi Ishikawa, Hiroshige Matsuoka

Dependence of adhesion force on withdrawal speed in water

9th International Tribology Conference, Fukuoka 2023 (ITC Fukuoka 2023)

2023




Chinatsu Saito, Takumi Ishikawa, Kenji Yanagisawa, and Hiroshige Matsuoka

Analysis of Dynamic Wetting and Dewetting on a Hydrophobic Surface Using Molecular Kinetic Theory

9th International Tribology Conference, Fukuoka 2023 (ITC Fukuoka 2023)

2023

11P2024

2024

62

2024

H. Matsuoka, T. Kono and T. Ishikawa

Simultaneous Measurements of Surface Force and Resonant Frequency Shift of QCM

7th World Tribology Congress (WTC 2022)

2022




2022

2022
53
2023
(Qcm)
61
2023
61

2023




(QCM) QCM

61

2023

R. Suzuki, T. Ishikawa, M. Hasegawa, H. Kobayashi, H. Matsuoka, and T. Kato

Simulation of Surface Force Apparatus During Withdrawal Process Using Elastic Contact Theory

The 8th Joint Symposium on Mechanical and Materials Engineering between Northeastern University and Tottori University
(JSMME 2021)

2021

T. Shigemoto, T. Kono, T. Ishikawa, and H. Matsuoka

Withdrawal Speed Dependence of Surface Force and Resonant Frequency Shift of QCM During Contact Between Au Electrode Plane
and PDMS Spherical Surface

The 8th Joint Symposium on Mechanical and Materials Engineering between Northeastern University and Tottori University
(JSMME 2021)

2021

60

2022




60
2022
52
2022
0
(Ishikawa Takumi)
(70845164) (15101)




