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Development of FM-AFM/LFM simultaneous measurement system

for measuring adsorption structure and frictional force distribution at solid-liquid interface
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1. #%E

MR E R OMMERIZ L @ O BiEICWERE Ak U, BEEEROMKES R A IE T2 V. BT L v, Wil
DARBERERRIL, BRI BT D WAEREEER O & 7e 653, il & OMAERABEES L T\b 2 kﬁm“ﬂﬁéhf
W5, JEE S, SFG Mo HrdE i I C BRE A 2 ML AA A, BRERIZHE S WE D TGO B2 L. BN
VIEMIZ AT T Y VAR UIZEEHTPICB T, AT T U VEBRICRERESNTZEHE KT R ARSI B Y
THEEZLEZR T ZEEZPELNILEY. Z0kd, MERIOKBEEN R 2HET 5 LT, Elo 23 EmRT 518
B OEEFNC HLER T HOMLERH B.

JE T8 7185 8% (Atomic force microscopy: AFM) 13X, H > F L N—#gF L RBIRERIC@ < Frfhzkmd o2 &
T, T/ AT TREBREBS T HEARN 0 — 7 BB CTH 5. KR DBEMEIICIE, BEHEZHRETE 5K
A PEMSE (Lateral force microscopy: LFM) X2, 1 o F L 3 — [l o 4R A i 5028k 2 1 3 2 J8 i B 2 A I 1~ M1 77 R
%% (Frequency-modulated atomic forcemlcroscopy FM-AFM) 3% 5. ¥lZ, FM-AFM 1%, REOHAEA/ER JICxL,
O THURTH D Z &G, WTPICBT2MAEERNSCS TEEZ AL TE, B2 RS aFike LTURA
DHFEN TS, EFEDIE, FM-AFM & LFM Z 3l IV, 77 U VEBRER EOBE#H~F YT 0 o 2/l d 5
LB, BEAXYT I UOMRBEDRORBFICTHET D EHE LY. L LAaRb, A7 7 U VBTSSR EOE
fﬁ/\«*ﬂfTﬁ/ T OO B S i O BLEL & PR ME & RIREI FHR U 72 R ge i3 7e v,

AT, AT TV VBRI T OEEHAT T N K D BEEE A H =X A% HIOIZ, FM-AFM & LFM
RGO Bi A T D BEMEE S AT AR BSE Liz. RHCiE, BAZE L7z FM-AFM/LEM Fif 2 VT, B8~
YT HROWICAT TV BRI I 1T 5 BRI i & BRI 2 FERE LR 2 WG 3 5.
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Figure 1 {Z FM-AFM & LFM O RIFFEIE > 27 L OIS % <9, FM-AFM JlE T, o F L=V #HFT
Z FENCRE &8, HIREEES AR Lz, £/, FM-AFM JIE LRI 7 7o 7 v ar Y=L —F kY,
XYZ A% % F % Y FIZIRE S 7o REECEEZITW, ny 7 A7 7 (LI5660, NF, JP) #H\WTH Y FLN—
DI AREEWBL TRALNEFTEZHRIE Lz, 228, Y FROBRQATNAD /) A XKD T2, T2 F b3x—iF 2 MR
JEIE TR S H 7.
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Fig.1 Schematic of FM-AFM/LFM system
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22 BHOME
FHRIZIT~ A B, EEIIXEHA~ YT U HERR S Table | Chemical structure of lubricant molecules
CICEHEAXY T I AT 7 U V% 0.1mass% % HSAN n-hexadecane: CisHaq A b bk
. - 20 0 0 e
L7cAT 7 U BRI o 2 FEEZ A L7-. Tablel [Z1H rrvvrvve

PAFHTFH L L AT T CRON THEERE R stearic acid: CisHcO2 | &k k_k_k_k_k_k Lo
® Oxide @ Carbon ¢ Hydrogen

2.3 FM-AFM/LFM O 5 8% 8l 5E %These molecule thickness are approximately 0.6, nm
FM-AFM/LFM [RIF58I7E (21, SPM-8100FM (SHIMADZU, Table 2 FM-AFM observation condition

IP) &, FEBRICIE, U 228 »F L 3s— (PPP-NCLAuD, Amplitude, mV 400

IEAEH C: 20 N/m, HLH=J8 %k £: 78-80 kHz) A f M L, =ik (25C) Resonant frequency, kHz 226

REL T CIRS H DR B oA 70 b N BB Ak & R B L Scanrange (ZxX) ,nm | 10x1

2. R LAH L, Sader DA% FNT FM-ARM I L B0 v F L Scan speed, Hz 2

AN ORI BHZALE N TR L7, Table 2 72 5 TONC Table  Table 3 Function generator observation condition

302, BRI BT 5 FM-AFM ORIESRER B TIT LY 9 Sliding speed, kHz 1

(IS Sliding distance, nm 0.625

3. XKBRHR

3.1 RF7Y UEFEMETOERAFOTRIE

Figure 2,3 1, A7 7 U VEEEINMH 00 ZX Wil 381 2 IR B L 72 & N B O R % 779, Figure 2(a)
72 5N Fig. 3()OBEBIEN » F U= FIRTF NP ORBREGED T2 & & D A 93 B ~OIEF KK & BEE 5
OEZERL, FAHWEIBIEERERMEER->T0D. ERMER LY, RERmIGESUTEE, HIBAEEE LW
WCEEBESNRE L D Z L SHER SN I=. £7-, Figure2(b)72 5 NI Fig. 3(b) & ¥, Z AZiE 2 nm VT THARJE I B
672 b N EEBE B N REC NS 5 2 L AR SN, ZhiE, Z @ 2nm (135 TFR A & BEE R RIS L T
WHZ EERLTWD., ZOZ NG, ERMNEMEIICHFEET D20 TRFRIBEEMRL, ZO5TICL0EBENED
mEEZLND.
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Fig. 2 Molecular density in hexadecane with stearic acid
(a) ZX cross-sectional image, (b) Force-distance curve
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Fig. 3 Friction signal in hexadecane with stearic acid
(a) ZX cross-sectional image, (b) Force-distance curve
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3.2 BAFRHDOHLAAAICESVICEBORE

Figure 4 {Z Sader DX &E HWTHEHH Lz@EHE~FVT H 72 bNIZb)AT T U BRI O LA I 15346 Ok
RAERT. ZhEy, BEEAFVTH R T, MURALREFEM L 7Z—F T, 277V VBERMmE X, #L
IABDY 075 nm TIZH EAD, 0.08 nm THA L, FHEHEMT LI &N MRINZ. ZhiX 0.75 nm 225 0.08 nm D
R, BEX0.67nm DFRINERFEL TNDH I EERLTWD, 2, BHEAXVTH U OFOEIE, 0.6nm f2E
THDHZEND, SEOERTELNZRABIL, BEAIVTHIUNLTHDLEEZLND Y.

Figure 5 IZ@)ESENF VT AU R 5 ICML)AT T U VBRI O BEE ) 34 OFER %783, Figure 5 KV, EHH~F
T R CIE, BEAAEEM L5, AT T U VBB T, M LIARTOE— 7 Lt LB
DY —7 PhER ST,
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Fig. 4 Normal force measured in
(a) n-hexadecane and (b) n-hexadecane with stearic acid
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Fig. 5 Friction force measured in
(a) n-hexadecane and (b) n-hexadecane with stearic
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4. HBE

Figure4 72 5 ONZ Fig. 5 DFER LV, E#EAI VT I PR bR T 7 U VBB PIZ T 2 BEGEZHEH L
72. Figure 6 \ZFEMATITD Z L& 0.00 nm 25 0.30 nm (2B B EEA~FT T H U R EWNICAT T U BRI O B
¥4 &R Y. Figure 6 X 0, JEMRATT O Z A7 0.00 nm OEERKIL, EHEA~F VT HHTIL073, AT T U
R Tl 059 L WHRER L o7, 2L DOEATHRICE T, AT T U VBRI, E#HA~XTT H Bk
LV BIREBESDR AT L2 ERMEINTVE ). KERERICBOCHEBROMERAME I L. £/, Figd D
AT T U CBREIM A O RTIX, ZAE 026mm ([2E—7 2 L ZEBNI VT I U RIBENGFET D 2 L3RS h
7o, 7z, Fig.6 LV, ZAE 026 nm (2B DEEEFREIT 051 a7, ORI, AT TV O ZALE 0.00 nm
OEEREELY b, BEAX VT HURDBICBNT, SORIEBEBIRRS DL LERLTWD. EELIT, AT
T UBERER OB T ORI L o TEEHEENIKRS 2 2L E2RBLTWD. BITHIECTRIEZES R
TEEEANFT YT I AN X DIERBEESNRED, REEICLVERANRTEELDLEBZX 6N,
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Fig. 6 Friction coefficient distribution of
n-hexadecane and (b) n-hexadecane with stearic acid
5. #WE&

FM-AFM & LFM ZMAEDOEF 2R NBMEE S A7 228 L, BEEAIY T A F RO ATTY
CEEERIN H O ER R A & BEERRE AR LR, UTomR 25,

()

@

®)

X#R
1) C.
2) s.

FM-AFM/LEM RIFFHIEIC XY, BE#EA~F T H P TIE, M UALRANEREEN L~ T, 277U VB
WM T, Z=026nm fHEICE—2 %2 L % 0.67nm OFIEDOFEDHER SN, BEHEA~FYFH 0T
DEAE, 0.6 mBETHLIZ LN, ZOFNBIZEH~AXITH L THLEEZLND.

B EIZF T D LiIABRTNCR T BB oA OMEEZRIE LIZEER, 277U CVBRRMBHIcRB LT, #f
LiAFJ) & BEER )N [RIREIC N9 2 & & R S iz,

FM-AFM/LFM [RIRFIELC K 2 BRE AR D O, BT Z2=0.00 nm (28 W C, EE#EASF VT I PIg TR
TT U RN O PMEBEETH D Z ERMRR SN, T, ERICEE LT AT T U VBRSO R
BCTHDHEEZOND. AT T U VEREINMP O S 50 O BB AT D, AT & b TEEA~F Y
FHUFRDEAIT Z2=026 nm CEBEBAHEAESNZ. 202 Enb, AT 7V UBRIFMMTR TIX, AT77
U VBRI D NS AT T U VRS EOBEEA~X YT H U o+ BEEBICHES LD EEILR
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