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Figure 1. Schematic image of a droplet on surface and balance of y following to the Young model.
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FTHZEDOTX LRGN TH D,

7sv:7/SL+7LVC059 (Eq. 1)

Young DRUTERFERZBHIATE L2 ENHOLNTEY, H<hbHWHENTWS, L
L.Young DX TEE SN TWNDHOEY GWIIKFEFBDOIRTHD LW REND D, FHE,
PRIEL G I Ty sind 25 EMEIZAETTWDH A, TREOFNIIBE SN TV, o, %
IR Dupré DR (Eq. 7)) 1ZE D LBV | WO A S & RimRSIME CIRocE RO &
IFEBHHELTLES, ZOLII, RmiEN%E 1) LRARL, X7 M TRBT2Z LI
FRARHD L E 25, T T, BRHSRE LY EMICEEERT 2720120, REEDEVWIE
BARD, REAHZRLX—2Z2 H0ENH D, REBENIORITCIINM! THo72h, &
HHHT LY=L, RAOHMARKHZ Y O LX—TH5H05, KITIE T m? 2FHo,
KIENmM' & T m2IIHENICEMTH DN, AIEIENZ MLETHY | BHIIAVT—RETH
BEVNHKREBEND DD, F 9 LT %, Young DaiTyd =R LF— L Hig LR = R/ %
— ORI G HEL Z LN TE D, BEOHA O L & ki & EE, KBNS 5808
TRAF =N R > T2 T5, DL X, Figure 2 D X 9 I EHRREED B2 D
FINTRAVERS Y | FEREAR O T AUNERE A, 72T NS E b7z & AL L /i A
R VX—Z2 L AG XKD L o IcFEIh D,

AG - ys1. AAsL — ysv AAsL + v AAsL cos(G+ A6) (Eq.2)

ZZC, ANEE 1 BUREUR-R IS O =L X — O8N, B TR ER- KRS O = koL ¥
— DDA FT)TH D, KM ORI T NAE TH D03, A IIPDORIE L VKL 720 |
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EHRLTWD,
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Figure 2. Schematic image of a droplet advancing with AAst on surface causing energy change.



Eq. 2 I3,
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—DELH AGIAAs. — 0, FAEIZAO — 0 TH DD,

=YsL — Vsv T VLycos(0+A0)

. G .
A}‘:Lnio(AASL J = A:Lnio(m — sy + 71vcos(0+A0))

0=y —Vsy + 71y coSO

FFHA, Eq. 1 @ Young OXYTIT=RNLF—2Z 2 THEIT LI LRSS, ZOLH 7R
BHIZAETH D LITWZR, AN T—8BZ MRS 52 LIXR#EETH D, 1E> TRIBDOGE ., A3
Figure 1 D L 9127 ML LTERIND D, REFZ R LF—Th D,

KT AT —py O/NSWEIRIE, B e LTHRERZ AT IR TRRAEL RN
DI ITERIR® 5 WITE D B o 7 R—=2BOIRE R L, @B 2583, — 5, svDOK
TVEER T, 72 & ZEHORRBNBRE L Rofzl LTH, REN L lE X b, 24
KOZRLF—=PME T D720, KFEITE BIVER Y | RWEh A 279,

Young DU EARRE H LRI IR DAL TN — RGO G L, HERS/ I H
— = T R FORME TIZIRENE U D, £ 2T, Wenzel 1THLE 23D 5 R Tl R &
D HREMEPERT D700, #EMANENT HEB X, Wenzel DH(Eq. 3)iT

cosf “=rcosd (Eq. 3)

TERTZENTE, RE r ITRT ORERNCKTT 2 EBEOREFO L, 0 1ML OBt |
O VLR R OB TH D, Z ORI AR i OB 230> 90° DI, HL ik T Ol
AT B 2T L0 EVMEZ RS (0<07), 0<90°DRE, Hlifi COREMA L TIE 70K & VK
WMEZRT(O>07), 2F 0, REIZMMAHE 22 & EmSCTWREIT L ViENSCT <720,
RIS S WEMRIZ L VIFIIC < <725, F72, Cassie 1L 2 DD 7R 5 sy TR DERR S
T DA TN Bl U 72 O Befili 13, Ao OHERRFA O cos DNEENT/2 D B R T2 8,
FNENOMERL Sy DEf A2 0, 6 LEE, TROB/Ny FU—2 O X5 TR FHIITARLE
—IZIRIEL TV D EET H &, Cassie DR(Eq. HIFLL FTHREIND,

cos® =f; cosO + f>cosbh (Eq. 4)

ZOLE, BAEIIBITS T o0FEMOREMBILEEZNEINLA, L ELTWD, £, XEN
HNBTIEZ D2 D2ORIHON, —HFaZeR s LTO=180°% XA d 5 Z & T Cassie-Baxter D
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A(Eq. HEHEHND, ZOFFMTEICEAERECANSONI LREL . AZADOETHHR
BE—2 ARREIOET ML > THIIT 5 Z LB TE 5,

cos@ =frcost+ (fi—1) (Eq.5)

L DT EEZ D L&, BRERN EOREREICEDNL TWLONEEHRT D LHE
WD, ZOIRMEIT. WKD ERKE O —EICHE: LIOIREBOAMAETRIL, BEEREITHRNAR S
WREDILIRIFAIL, EARBIEPNRIRIZIE A TOREOIREEN O 3 I ET 22 LN TE D,
BRI TR &SR ARE 2o 5 B B f L X — & BRI O R B TR F =5
EARRE D HIRIRZ 5| ERPT OICKERAEEZ RS D 2 LN TE, 2OHIIMELEL
MEN D, ZOHFETBIEHRT OO ETH LD LFERIC, FHFICL I REMEELERT,
A& FIXTFRLO Dupré OR(Eq. 6) ° D L 91, B OERBAB =R L —DF, DF D
AR AR D S B = 7L — SRIR-SUR DO R H BT RV — yso+ yv 2 HIRALD AT O
KOFEHHBZ R LT —ysy Z2ELBIK ZETRIND, EHEEFIL, BT O 0 2AHEH
5L E2DOTXNF—EITHY | ZOBEPATH VD HEHENRKZWVIEE | B K DL E

FED R,

W=1vsL+ v — ysv (Eq. 6)

BN BAMEZ R T REICEDE IR E I MmN EE SN &S FOESERIERY ~—
TIVEMIND, LV, B TOEHSMBHICA A UNEREELE ., S0 TERE Y
7 VTR REE 52 D, DD, ZOWWIVFFHEICIZE WV BIL AT b, FERKEIC
BAVEME 10 o5 HERE 1, U K BRI 2 A2 A Z N TEBATHEREN TV S,
BT T, BUKMERY = —T 7 UNZkT B 7 VYV AROX 7Y RWEDEENIFTNS L, ZDF
f~F 7 U AGENSE LI WE WD | BN AEWIBEY IEEZ AT 25 2 & 6 4 EE0 %%
F L7728, ZOHFENFEIIAGR SCOMERIC TRz, 2 OREITIT D5 KEREMA 72 &0
BRI, TR BRAIAREMLIE T B, H DI A A O K D IS 2 L S ERET
HbH, TIHOREIZER LT, Mo FEMET 7 o 2 Mg 78 ~S A7 2582 & Hifr
NEFELN TS,

LU R ~v—7 7 VRETKIZED XD ITIBIVAR D D, — REMZ 5 12 Bbn s NE
L OBBIZFEITL L OBERPEHEICER L TR O RZIC2FITMH STV Ry, ZhET
W@ FEME T 7 GBI R Y ~—7 7 U O1ENMEICRET 5 % < OB 1TD
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O ZC LB LT, 7T VIR EBEEICH LT H EERIENCE L2V, PolyMTAC) 77 &
D EARE 7256 K ER AR 4 13 12°, poly(SPMK) 77 3 Tt 7°, poly(MPC) 77 Tl 1°Th

PUIEFITRNA, 0°L D Ko7 RGN IIFESR, ZOBIZONTENNS
7o, e T TE T,

Chohen Stuart %/, poly(ethylene oxide) (PEQ)~ 7 > i LD /3L 7 RAED K DHEfFR AT T
3. 77 VBRI R EICER L, TOREmEE D Z L 2L FROGEDGREH L T
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HRETOFNCINZ T, 77 VBT 2720 0H B =R =2 LT 7 >0 fEik
NEeBETLHLENHLZ LB Lz,

B S IXRZE MO RRESRIMEIL A7 NS T BAFE 7 7 V#R T, KEOIME T
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SPring-8 O~A 7 vt —ALZHAN5HiL, KD O-H MfFEEIO L 7 b2 DOKEMHE DIRRE
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L K53 KON h O AR 0 2 IR T 5 O-H MAEIREIO WIN B S vz, i
T OKDOWINLEITOK D b DI Z &0 ZOKS PRI EWICKERFEG L, >
MU= E TR L TV D 2 LR S iz, SHICHE ~NE Z LI, BEfROINEIC B
Th. HEAKD O-H fEHRE ORISR STz, Z OWRIIE, Bl L 0 SMANZIR A LT
KRR ~—T7 7 E I, BEEZER L TS Z & ERIE LTV 5 Figure 3), 2F D,
PNV T DIKET T R L ORI, EARRNBIEE ST DB TIX R < 2 DIMANTAFAE
THMET T EERED T T EDRETH D LB BID, IKIEDOIMU O WU E 1
RARDAKD 3450 cm™ 725 3200 cm ™ (1227 R LTV e, 2O XSy 7 M HEHIE, Koy
FREITAENIKEFBE LRy N =V BEEBRT 2026 Th 5 L BRINT,
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Figure 3. Illustration of sectional side view of precursor film, which takes account the interfacial
energies yrv and ysv at border of precursor film.

77 v ORAEIE T OKIIK LB ORIEZ TR L TV D Z & d, X #RRINES L O30 tlE
DOMNDHRNEENTWD X, @ FERET 7 S WNEICHIE S 72KO 0 DR X
BRELHE A7 R UVIZIE, 526.5 eV DK B 16" 50 &, 525.5 eV Ok & —E3 2 fittH 16/
REVWFHIETREO LN, ZOAXRT MG, @y FEMET 7 VNI CiAD bivioKsy
FOREZE, DTNCEATHDDRRTH 2 —FOKF-EGHREEL I > TWD Z L DMHERE
iz,

INHOMGENL, R ~—T T OIFIVEEZRT 5 9 2T, 77 OABIZEE T 2 H A
NHEHETHDZ ENFRBRINTE T, BARPELITIEOFEKBRPIZBWCEELZT 720
Oy TSI RELE, F M S5 3R (neutron reflectivity, NR) 2 Il E 35 Z & TREffi S 7z 22, Las L,
77 OEIIE AR AE N Z < EIRTWD, BlE, BB E IR ~—TF
> ORGMJE I THMER O EIZ HRE LTV 2508, O EOFHFCHEILH & M2/ -> T
[

BRI X 0 BAMANCR RS 2 7 T > ORZME 1. WER 22BN TR DR S AT
TINCHET HEE R D, R ERREICIRE A B S5 & TOBEMRE Y LML
JZ ¥ nm 2> HEE nm ORIKROEBEMHIES D, FOMBIIEATHERE Y L3, H<nn
FFEDAT IO T & 7 23335 2 O R R ITWrEIIRFE & JEBRAR D 2 BefEc s Z &)
Joanny & de Genes DOHEFHI2MFIED D EFE SAL TN D ¥, Wi JE1T il (adiabatic precursor
film) | IR 3 A 1 L 72 B DAL S, Bt O pitk & ISR E DO E CRIBT 5, T0
R EERE Xoo 1 ZUL FORTERK SN D Z L BBEERIIZENAN TV D,

AM SA1 1
— (Eq. 7)
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TIZT, AN I —ERL g TR, p TR ERORE AR XL X — CalTEBE R, valTE
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DI OEICRET 5, OB X XL TORXOME Y | FFE O 0.5 FIZHFIT 5,
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T, hFATHEDOE S Th 5, REREDO VY a— A A Vv E Y 3 Si HREEICE
BT 5L, BRBUVUIIWVIREEE 20 | 20 L S ATHEERRERT 5, 20X 5 2R W58t
S L LTEIIHNOIL, EQTICRENDRHIO R r—U » ZHIDR Y S2o 2 &3, ERNG b
WENDHILTWND, LInLRNRS, @y FEME T 7 2 RIEIB T D IATHEO LI, —K
72 A TEIE DS A D K 5 ICHER L TR O3, & OIFERFASCE 2 28X 5 s> T
2, ZOMML, BIENERICHEECTH L7 TH D, LB L I, R ~v—T7 T KHA
DIATHERN LI T /) A — M A —H —DJEH L7\ T2 D RESHERiFE SPring-8 O~ A 7 1
E—AEANTHIr SN TRY 28, RN TRV TEOXEBZBIE L EMixnE
Thhrol,

B FREME T T U REIIT D HATHIE DR R % FERHIC 3 5 72 DI, kD = > 1
Xt TICHEE T2 ENTE D, TRAF—HROE 2 A, B2 EN OB A S
niple LT, B S OENRIT bND 3, 2O T, KIS X D= 3L F—fikth & iR
THOBEMBIER T2 2 EET 52T, 777 XMWk EESFER 7V FICVT 5 ik o
TRAVUADY D B OFLR 235w STz, IR O R R OZAIEE L, R+ 2 VW5 & LT o=
TRLRCTE D Z &8,

d (Eq. 9)
T, e lZ7 77 HNVDRTAERT /NI A—FThDH, ZOPROELEEN, =Rr/LF—
BRI D,

R~ —T T VDmENEB 2D L XIMOFRE TR D 80, 77V EHE 50352 L
EEBIZCANDOLENH DR ThHD, 77 O KfEZBEICANT, 77 vRED
RAVEZBE L7l & LT, Muller & OBFZENZET B2 2, Muller HIEAR Y AF L 2 /(PS) %
W EICHEEN B2 DR 7 7 VLVEE(PAA) Y 7 > 2 il U, wfkgifilsfg & RS & oBIfR % Kt
L7z, ZOfEREHIC, HENC L DEFE % Young-Dupre O & T, il & BT T 72,
R ~—7 7 Ok AT 5121, Young Oz E S nDrERHEREHOFIIINZ T, £/
~—HAL 1 D570 BAE LAKRT 57200 B =X L =26 AGpaa™ 2 ZET D LEN &
52 LB LT, MUNERTdA, BN D BROMEFE AW L TN TEREN D,

X

dif —

hyd

AGLY, de
dw = ((yPS/HZO - 7/PAA/PS)(1 - U) + Vim0 €OS 0 +—L22 2% 4 TT ~ ?/PAA/airjdA

AA
(Eq. 10)

2T IET T v ORMEES p 13HE 2 O FUf = 1L F—(ypsim0 (3 PS/Ha0. yeaars I3 PAA/PS,

¥ aiv 120 (3 @it/ HoO\ ¥ paasair (5 PAA/air 5LifD). (1 — o)ld/KE KO L7= PAA & PS & DRl
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FEOWVEE . d 1T PAA DEFE . ema lZTPAAEBDE S, F LT, ManlX7 7 ULBEDS T8 TH

Do
7T VORI D =X VX —F OB kL. HFENFEAYIZ de Gennes B2 L o Tk

T B9 FI38E 1 Ay AL DT RN T —Fpix & 77 VMBI EIEITIND Z LI
HTHWMET RV —F,OfE LTRIND,

F:Fmix+F;1 (qul)
Fmix 6i7k@ﬁfi§éﬂéo

hD2
Fmix = ¢ 1 (¢ )
(Eq. 12)

ZIZTLKIIARY = UER TIHRE., hI7 7 VEE, DIXT T 2 ORSA R O IERED =
bo ), bIZE /) ~—DV A X, ¢ 137 T VHDOBEMDIKE SR TH D, — . FaldkATE
HEnsb,

2 2
F;:l :kTi. h_2+R_02
2 (R> h

(Eq. 13)
ZZT. R=N"bTHY, NFEAGETH D, ZOHRmTREINLELIIC, @nFERET
T OKIZE DIEEE T 72D, 7TV OKMB LT T UHOMMEIZL D 2 oD=
FNF =B BRIIAND Z ENEETH D LS iLd,

U ED X578 RaiEIc, i< FE 28T — MR ~—T F V2B L, ZORY <
—7 7 v OERBINENE R R T 2, WK ) ~—7 7 U RE TIXATHIEOBIEITIE
HTHY ., ZOEROOL S L L TEMRR RN OEMBMOFEN L E S RN ENHITF bR
%o ZOMEEIRRA D2 OIT, AR TITHARMER Y ~—7 7 > & BUKM B IO S
FATICHAN S e~ A 7 a A= b NA—=E =D T A N\ Z— AR EZRYT D, ZDLHI
RN ~—7 7 OO BKYE DRI Z AT 2 2 & THEMBRMFIE L, £ OS2 T
MRS 5 2 & 2B & L, SATHIROBIZ 21T 5 A, 2 oXm OB ima 2 fr
AT DMERSH D, TDIDT A L 3F — RN IKIE & HE LR OF - BifoRit %
WET D T A 2 HIANRAT L CHEil A 3 572 5 G PEB AR BT S BRI DWW T, Bk PE
FHIRORB = AN —BLIOR) ~—T T U Lo TSN DT/ A— b A— X —DHf
HICEH LBET D,

F3ETIE, A ~—7 7 VRENTBWTRITEE SRS 2282 R8T 2 2 L2 B/
T %, £T. AR HOIOLFIBEBIE O T EZ R 2, WICANVR BT =4 2 H Ml
PUCHED LTcm i FEME T 7 Vb5 T4 /38 — U RENCOFRKEIRE §HHE L, £ 08
filR > D AMANZ AR R~ 2 S TR ORI EL 2 BIER T 5, S 61T, ATHEOME, 20,
7T VOB KT T EER DN L BERLNENTIER T D, TR OM R8I
LWL X5 TRINAERIZ, R)V~v—TTF7v0—RKIEETHD, MEOREN N7 Z
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YOBETHNEL, R ~—T 7V DOBEERREWVERMEORENRENE PHIND, &
BB )~ —REFTIIMISHZZE 25 2 & T, BEN 10 nm 235 100 nm 2D
poly(SPMK) 7' 7 > &I L, T OEE COKOMEZ KT 5, WRIZT A 34— Ol
WCHERT D&, T VDT A AMEIIMEOHREIZELRITT LEZIOND, 7+ Fv A
EEWGTDZ LI T T MR =5 um/5 um F 7213 10 un/S pm O 7 7 TERT A MED
RIQD NI = fiilT 5, o, MRITHFET DRIKDORT vy L3 F—((ET RV
X NUKFET D ONRETT 5, ZO7HIZ, 0.2 ul 725 30 uL OIRFEN 72 2 ki 2 5 L.
FNENOEA DMEZENTT 5, WIEDORT v ¥ VTR X—IRET DA, Kok
FRRENNIEMRITHS 22 L PHRTE L, £, RV ~—7 7 L OMBHD A A B REA,
TROBCFERER D BADLEEIT ), ZHHDOERND, S THIEOME IR 2B
7RZEE), BIOMENRESRME /IR ED X S IHKEFET D002 HNNCT 5,

HAETIE, N ~—7 7 RETOIATHEEDZE O E@IEICHONTELET 5, BRI
WO TR —TRKEA T RIEE L E0FB BB L, KOOGS L KT 5, ko L
(VB DY)— 72 R CTILEA TR O RIT 2 BEBEN 572 0 (2 BeBE H O R EEBEIXREH @ 0.5
RITHHIT D Z & DHERANCIRB SNERN O bHGES N TS, TA /3 — MR v—
7TV RETOKETNIA A RO TATHEIRO MERE A HRE T L & w50, Bied
WAL, =X F—HOROBLE O FATEIROR R E BT 5,

5 T, JonZEERETHDSCMIE Ik DA A MRS T OKFIKDEREITO,
KFRZK D BSORAER & B 50T 5, B 4 IS TE X — B O e T O & 55289
HE R ~—T T UREDKDOITUTIB W TIIKRFIT o Z L e —Z R A TR O RIZ K
ERBEG 2 TWE EEZ BN, 53 3 Tl poly(MCP)#E i A3 poly(SPMK) X 0 & $fizik <
RNDETT 5 2 ERBRI Sz, Z OFEOEWIILFEREOE DI L DKz # L e —2%
fELEDBEWICER LTWD LHIl S D, Ko Z L E—2 L& RDHITIE, £/ v—H
AL T V3T DKRFIKDBFEE L TWDEONERDDZMEN DY | ZDTODOHERFILEE L
T DSC BEITFT N5, HEHOFEREBEIEA A Da ) VRAR T =— &, AAKR Y L=
U, ANVEREZAE, 2 LT, ITF MO AMT =y 55, F23T7 =4 2%0
ANIRBETH D 5 FEOR Y ~—Thkx 2EIG TKE S 872 KR 284 %, DSC
DRI FS L OFRBRIC B T DR E I3 iR = o Z L =2 b AR, PRIK,
HHKZEZNENDOEEZ EET H, KFKDEL LT 7 VHOHLEZZE L, =R/L¥—H#
BOFZZ TN, FRY ~v—7 T TREBIT D IATEREDOTE N O S DEWEZHEmT Do

BARIZE 6 T CIIAM R 2 BFET 5,
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o FREME T 7 RIS 5 BRI

2.1. X C®IC

RETIX, 77 VOBEN S e 5 AT E /T LT 272012, B TERE T 7> LB
IKPEHAY FIEN SRR SN D~ A 7 8 A — ML A—F =D T A L3 — B REET 5, BRIERY
IRRNBG T H 5 AT OBIE 4 IR ET1T ) BN AR ZeimauElIc B BT 5,

INETICED TEMRET 7 V2 G0BKERY ~—7 7 U ORNIEIZET 5% < O X
MR T O TE T, BN 723 KEIEERRLA X poly(MTAC) 7 7 2 CiX 12°, poly(SPMK) 7
7T 70, poly(MPC) 77 ¥ TlL 1°TH D LHIES N, T DX SRR, 00k
725 [FERBAL ITIEE L RV, ZOERE H BT R/ F—% Owens-Went JEIZ K> TRDHD & |
7 F A ORI 2 > poly[2-(methacryloyloxy)ethyltrimethylammonium chloride] (poly(MTAC))
7 Z7 3 TIE 724 mN'm ™', 7 =4 £ D poly[3-sulfopropyl methacrylate potassium salt]
(poly(SPMK)) 7 7 > Cik 72.9 mN'-m™', MIEA A &4 1T 5 poly[2-(methacryloyloxy)ethyl
phosphorylcholine] (poly(MPC))~ 7+ Cid 74.5 mN'm ' O™ 5n7- 1, LirL, 20Xk Hic
EMVWREHHT R LF—Z2F L TOIUE, BERENICELONEY TH D, PKERY ~—7
7 O MEITEER & OTRBER H YV | ZOEHEIZOWTHIERITTON T E T,

Chohen Stuart &%, poly(ethylene oxide) (PEO)~7 7 Rl LD /3L 7 RFED K OFEfbR T T
T, 7T PSR ISR L ZOREEE D 2 &AM & EROSEN HREF LT
Wh, 77 UHITHRA R & - R AA R E AR T D L0 i A o T D, E D
TEDICREENBELZ LT D, 0080 RERBERAZRTLEBELZLTND 2,

72, Muller Hi%, RNY ZAF L HR BICHEE 2872 % poly(acrylicacid)” 7 ~ ZFH8 L, xf
ARG &R - OBMRE BRE LT, ORI, WU X A1EH % Young-Dupre D%
W, $Efilfa & BT 72, R ~—7 T O 23T 5121, Young DRUTE S
HERMMBIOFNIINZ T, 77 U PHET 27200 BRIV =B LT 7 >0 ik
NaeBRETDHNERDD Z L 2B LTS,

M ESIZBIZR S Dy TEBE T 7 > DRl 2 %542 LTz, polyMTAC) 7 7 R IEICE
& U 72 /K & 8 22 ) 0 FRRE AR MU A ~L 7 M VIIEIZ K 0 43Hr L, KD O-H fifEES 0 >
7 Ninb, ZOKRBREEORBEMNT LTz, KEOE T TR, »7 2T 5K FEBEID
g b O AR D 2 TR KRS 5 O-H MEIRE O WINABLA S 7z, IE)E b oK O
IWALEIIIKD S DTN LD ZDKRGFRILIFAEWVITKERE L, *y MU — 7Gx
L TWD Z e mshic, SHICEIREZ LIZ, BRI ENTH, HKD
O-H M REN OWIN SRR S L7z, ZHUTEAER K 0 SMANCIR A L2 KRR Y ~—7 7 v %
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H2E

A S, EEAER L TWDZEEARRBL TS, DFEV, 2L TOKET T VR E DR
filftid, EARAICBIZR S D HEA CldZe <. ZOIMUNCAEIE T DI 7 7 & L Hukig D~
FVEDRETHDEEZDND 45, BAHET OKIK L OHEZ R L TnD Z &I

X BRI E L ORI HIEC E D0 0D b RNWEER TV, B FBE 7 7 VNI
PEENTZIKD O DIR X BRI AT RVIZIE, 526.5 eV OKOJEH 16" XL D &, 525.5eV D
KE—BTHHM I P RENEETHRD Nz, TORAXRT Mnb, @y TERE7 7V
PICEA LIASD BIVIZAKSS T DRI, DT NICEATHDERHRFED 5 —FOKBREOTEREL
BloTW\WD Z EMRHEE ST S,

INHOWEND, R ~—T 7 OIFIVEEMIT 59 2T, 77 OB 5 mA
MEETHDHLZENTRBINTE 2, BEARPELITEOFEKBERPIZBW B LT 720
BRI, H T IS F#E(neutron reflectivity, NR)%S:?EIJTE?‘% ZETRMEE N TS, L,
7 v OEIII RN MmN S < ST 5, FlziE, itk X 2R ~—77
> DOIFGME I THAMBR O EIZ HAHE LTV 523, £ OffROHFFACHEEL I 5N - T
[

T A LB — MBS TERE T T TR O S5 EE T HRT % (Scheme 1), £, #F
AR EABARITH D BALT VL > T 2 By T8 & AL 225 W 75 15 (chemical vapor
adsorption, CVA){E%Z W CRHEE/LT 2D % Z OFEIEIZEZE4E44 Y (vacuum ultraviolet, VUV) %
Line/Space B! 7 4+ h~A 7 Z@L T, BT HZ LIV 7+ NI VI T T 4 —%fd 10, =
MLV EAFAAINEEGERIRIIC M S LD, il T, ZOfEkIC 7 v b7 v F e 7 v
perfluorohexylethyltrimethoxysilane (FAS)H/r 2 CVA & WV TR 5, R&#%I1C, Bk
KRENRFE LT o EE2BBAE L, Bz s RERBETBEE T O LVES
(surface-initiated activator generated by electron transfer atom transfer radical polymerization, SI-AGET
ATRP) ' 24795, ZHUCT KV, @ TEMET 7 & FAS B TIEO BN AAZIE ATE T A
VRH— U H T D, T MDBEMBIAFM)E FW T T T v OAERIT Ko TE U 72 il
DB EAT 50 £z, XL I EERE (XPS) & W TUE AR ORERR 24T 90 AKISKS
% i) - B BEAL A 2 JE L BRI iUl 0 RGP A T 5, 2 ORISR & §iE L.
BBl A 72 S ONCBY O BEf A 2 JE 5, & O % Cassie DU L, Cassie D
L OMEEHIRT Do
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QCHs
(MeQ)3Si(CHz)s OCC—Br
OH OH OH OH CIDH Br Br Br Br
[ 3 R T
Glass CVA 418K, 5h, %2
1 under N2
VUV irradiation (A =172 nm)
Photomask
Quartz plateM
cr mask/? Br Br Br Br OHBr OH
= 3 60-600 s 4
Line/Space =5 um/5 pm 35-18 Pa
or 10 um/5 um Poly(SPMK) brush
CH
s FAS monolayer
CHp=C O®
(MeO)3Si(CH5),CgF 13 CO,(CH,)3SO3K ™
FAS pr R Br & SPMK 5
CVA 373K, 3h, 5 AGET ATRP Ll
under N2 CuBr2/Bpy/ 10 um 5 pum

Ascorbic acid
H>0O/MeOH Poly(SPMK) brush/FAS line pattern

303K, 3h Brush Thickness = 8-83 nm

Scheme 1. Preparation of poly(SPMK) brush/FAS line pattern by VUV photolisography technique and
SI-AGET-ATRP.

22. FA N E— Aty TEMRE T T 2 OFHR
AHE I L OFER
(1) 5-hexen-1-ol

TR R LR T3, > 95%) 2 K336 L 7=,

2) HfkATFL
TSR ERAL S, > 99.0%) % P2Os fF7E T T, wERZE L, HH L,

3) rV=FnLr7rIv
MBI AL, > 98 %) CaHh f77E ., BRFHA T CHIEABE L b2 Lz,

@ H{kATFL
HIR R (RERAESE, > 99.0%) % P,0s f77E F CiEf L. WERE L=,

6 a-7mrEAVYTFINLTaIFR
il dh(Aldrich, > 98%)% HIv 7=,
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(6)

O

®)

)

R
TR EL(FIYERIEE T3, 35.0~37.0%) & K K CHR LI D& HH LT,

AT N U o AR KRR
R S (FOGHEZE . > 99.0%) % AV CTRIFI /K IRIR 2 R LA L7,

AR~ 7 3 7 A
TR SL (B2, > 95.0%) & L 7=,

U BT
TR AL (B RAE 2R, R 63~20um) & fli L 7=,

(10) FU A RFTv T

MR SR LR T3, > 90.0%) & L 7=,

(1) H42(0)-1,3-Y E=/1-1,1,3,3-7 7 A F /LT 4 UHRF o L iRk (Karstedt i)

ML (Aldrich, < 10%)% 5/ L7z,

(12) KFELI LT A

TR (T T A 7T A7) 3B L BRI U CTREZR TEM L7,

(13) JEmile

TR L (B BRAE 22, > 95.0%) & L 7=,

(14) PRk EK

MR SRR LR T3, >35.0%) & H L7z,

(15) ~F >

MR Sh (B RAE 22, > 95.0%) & L 7=,

(16) L= (BiK)

TR L (B RAE 22, > 99.0%) & L 7=,

(17) Perfluorohexylethyltrimethoxysilane (FAS)
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TR A (FIYEREEE, > 97.0%) 25 H L 7=,

(18) FALH(IT)
TR SR (FIOEREE T3, > 99.9%) & H L 7=,

(19) 22-E U 2
iR Ah (Aldrich, > 99 %)% L7z,

(20) 3-sulfopropyl methacrylate potassium salt (SPMK)
ik Ah (Aldrich, > 98%) & H L 7=,

(1) A X J—)L
MR Sh (B RAE 22, > 99.5%) & L 7=,

(22) iAok
KB K EFE AR MK RS Direct-Q 3UV (A /L2 HEELL T2,

(23) L(+)-7 A AL g
MR AR CK LIRS T3, 99.5 %) & H L=,

24) =F LU a—)
SR (B AL, > 99.0%) 2 L 7=,

(25) 2-hydroxyethyl methacrylate (HEMA)
RER(FOCHIRE T2, 95.0%, EAEILAE FuXx /) o E )/ AF LT —T /b 0.025%% 5
To) 2 MR L7z,

(26) >V = HApR
FRVE SRR BLAERIT, 25066-131), AEdb@li(111), EAE 100.0£0.5 mm, /&S 500425 um, KT
F1-30Qcm, VUrEAHRMULENBOS Y a R EFEH LT,

Q7)) AT7A RAF A
MRS (FATRAY -, S111), 115 26x76 mm2, JE X 0.8~1.0mm., #EIERA, iEERR 7 A 8L
H7FE%2, 73 M) VT T7 0 —BRI2iZ26x38mm2 IZF A VYEL ROy —%HNT
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(M

2

€)

4)

)

(6)

(7

H2E

NPT EMWT LR L7, AR, SO EMT L, 16 xX26 mm2 (2 LA L7-,

BLZ2ERANE(VUV) FR G 3
HO017(7 & A I EBIRHFA 2 E BO00S( Y > A B A Hafic L THWe, B4R T7IZ
GCD-050XA(7 /L8 7)) & Lz,

7 4 b~ A7 (Line & Space = 10 um & 5 um)

FEM(IF= v A7 v=2 A LS5, A%kH 7 AWRGHET5.5x75.5mm?, JEX 2.3 mm)
\Z CriilED 7 A 35— (5 pm, M@ Sum, ME3x3em)AEE LT bOEFHL
77

7 4 b~ A7 (Line & Space = 10 um & 5 um)

FrEam(R 4= ~A 7 v=27 X L10S5), fi57] T A% 75.5 % 75.5 mm?, J& S 2.3 mm)
W2 Cr DT A X2 — (I 10 um, M@ S pm, H@AE 3 x 3 cm?) 23 &E L7 b D& HH
L7,

ATV AY T

BEESL, ISRV AME 6.0 cm, N 3.0ecm. EX 9.5 mm, E&E 1 2%/
D160g) DL DE T4+ N YT TT7 4 —DFE HMRE T+ h~v A7 L ZEEFEITEDHTZDOIT,
EYDELTHERALE,

vRITTNT T A

FREMVIDTEC #, N 7.5cm, 7 ¥ 2Dz EDE S 10.5 cm, (K5 464 cm3)D 7
AL DEMEH LTz, OV 7 #Es— 8 JIS Bk B2401-1, #'E OR FKM-70)% 7 ¥
EREORINZE I, T By TF 7 77 TEEULER LK,

FRAE A G
Model Standard 100 (= > <))& H L7z, WA A /KOWEE 2 uL Z§fE L, £ OO
By 2 200512 o Tk 7z, MBI O T 10 BRI T 70,

DIV T A= —
Alpha-SE-KKb (J.A. Woollam Co.)Z i/ U7z, &L KMk 390~890 nm, £ 70°C1T

7,
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(8) JET-[H J1EA%BE(Atomic Force Microscope, AFM)
NanoWizard 3 Ultra (JPK Instruments,)Z il L. AC E— N(¥ v B 7 E— R)TREDE
Wz Lz, B F L 3—|Z HyperDrive PPP-NCHAuUD (£ & 125 um, ($7EK 42
N/m, EHRERE 330 kHz, Hi=88 7nm, SN )2 L7z,

(9) X BRI /T HE E (X-ray Photoelectron Spectroscopy, XPS)
Quantum 2000 Scanning ESCA Microprobe (Physical Electronics) % il Ff§ L. AR DI HEHH
ek & Rt L7z,

BHM DA%

FFLUFDOSET 5-hexenyl 2-bromoisobutyrate % &% L 72 (Scheme 2), fH#E7 % AfL7= 300
mL =077 A3, NaZRZPH& T T 5-hexen-1-0l 6.00 mL (50.0 mmol), Hifb A F L > 30mL,
FOMYV=F 7 I 11.2mL (80.6 mmo)ZMZ 7o, D=7 7 A |TEAE L2 Fe— b
ZNpBEM LT, a7 uEA YT F YT R 6.82 mL (56.1 mmol), KIZHEALAT L 10
mL ZMz7z, ZA7 7 A3ZKBGECL, HFe— b a72ESfYT7FILTEI RO
HAL A TV VRIR AT T Lz, KIgZ&4h L, IR T 10 BRI Lo, RISOEITICHE- T, R
LRV =F T I BREBEOREE UTER LT, ZOWEE AL, AiRE/5ERE — M
B U7z, fafnfRiE) U oA 1 NHEEE, BiA A KOIETENZI 1 EVEEZITV, R
JED a-TBEAYTFINTEI RE NI ZF AT I ERE LSO AHEZ 500 mL
=AT7 T AWM LT, iR~ 72U LA, 12 REEERE L2, U S Sg &
2D ET, WKLz, ZOWKE Al LTz, /BONTAREEBREE LTcth, WEAEE1T
ST, W 47.0°C (—E)DEAFENOY-E %, A AV ASZADIEE 84.9°C (—iE). WIEE 3.5
mmHg(—E)D & X2 0.12 g 572, #hsL47.0°C 7> 5 42.1°C £ TOREAFHDOARE %, A A L
ADILE 84.9°C 725 81.0°C F£ T, L 3.5 mmHg 2°5 2.5 mmHg £ TOD & X |ZILE 9.24 g,

IR 74.3% T 7=,
Q CHs QCHs
CHy=CH-(CH;)4-OH + Br—O-C-C—Br CH2=CH-(CH2)4OCQ—Br
CH, Et;N/CH,Cl,, r.t. CH,

Scheme 2. Synthesis of 5’-hexenyl 2-bromoisobutyrate.

R 12 . 5-hexenyl 2-bromoisobutyrate % Hif Jii & & L T (2-bromo-2-methyl)propionyloxy
hexyltrimethoxysilane (BHM) % 5% L 7=(Scheme 3), 3, H\ % 300mL =117 7 A a NIZHE#E
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FE AN, BRNOKDZRET DO —F 0 T Z2{Tolz, TOZAT7 T AaNIZ Ny
PHAU T, 1 BPEE OARM) ToH % 5-hexenyl 2-bromoisobutyrate 3.58 g (14.4 mmol)F L TNk U A
¥ o7 371 mL (304 mmol) #MMx7-, —H7T7AaNEKE L, KEDIREN 17°C O
& (T Karstedt fillfif 0.2 mL #1272, £ D%, KBROEEZ 17°C 775 10°C 120D 1 K§fH] 30
SR LT, ZO%, RGO U A R v T U EBMIEREE Lz, $il T, Karstedt fillit
brET 5720010, BAKFEET FU UL T8g LU TNV 1g DIREWEZWERE, ~FV 2 &)k
BRI LCh T a7 m~ b T 7 4 —% 2[00 To 70, FONTIRIRZ VIR £ Uitk BT
KB EAT o712, WAL 49.9°C 725 111.0°C £ TOMAFBIHDOHIE %, A A LN ZADIRFE 91.1°C H»
5 128.3°C £ T, JJEE 3.6 mmHg 75 3.2 mmHg £ TO & X(Z 0.465 g f%7=, WS 111.0°C 2>
5 81.5°C £ COMGBHDOARE % F A NN ZADIEFE 128.3°C 725 153.0°C £ T, WL 3.2
mmHg 7°5 1.5 mmHg £ TO & X |ZUE 2.63 g, IVH 49.2% T/,

4

QCHs QCHs
(MeO);SiH + CH»=CH-(CH2)40CC—Br (MeO)3Si(CHz)s OCC—Br
éHa Karstedt catalyst, 285 K éHa

Scheme 3. Synthesis of BHM.

CVA 1512 £ 5 BHM Hoy 1o 5l

FIP. MR EEEZ ST D & HTBKE LTz, SiEBROEAIE, IFO@Y Th D, HilL
7o Si Ml Az 500 mL =47 7 A AR, RHilE 70 mL, feV N TR b /ksE/K 30 mL 20z
Too WRMITED =T T A% 100°C (TIMEL 7oA A VR AT AIL, 553 2 8IS T AT
PR L3S 1 RERINEA U7z, 2Dk, FRZBiA A L K THE L, BiA 4 v K& Loy
YINECHIRE Ui, BT AFEMOGE, AT A4 R A% e L CTHERZRR LT,
PP, AT KT T AESNITHE L, ~F VU2 RBAEETZF LU A S THREOMIE LR
EMoTe, EDOH T AT Z Il 1 FeffliRE L7z 9 2 T Wik FKREMMx 7z, £D%
(ZBE LT Si Bt & RIERIC, INER, A A K THES LIRE LT,

BHM HL5 7O G O BRI AR 2 B AR T 272912, 70-60 Pa DIJE T T 2 57[# D VUV
A 2 [BfT>7c, VUV DT NG ZADFERT T AENE T Y /3R BTz i E
TOWHHEX 25mm Thol-, TOENE /v —T Ry 7 ANICBEISE -, 7 u—TR Ry 7 A
NZ3EIN B L Ry 7 ZANB N FFHR TH D K912 LTz, Feblids L OFTE DD BHM/
MV R E AN 1.5 mL XA TAE 2RI T N7 T RAaNiZ ANz, Z0o'/RT7T
NI TR0V U T HEFE L EE LT, BT TN T TRaARKEZEET L E T I T
TEET DI LT, e BHM/ MV U FREBEE Lz, ZO®/NNT TNV T T A 2% il
[ZAZL, 145°C T 5 IKEEIINEL L 72 (Scheme 4), IIE%, P B NRT TN T T 2 aZzFE L,
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AT U-, &Bic, Btkao & ) — 1L TY v AL, ZOEREBELZ LI-H%OERD
xR ER MR A A I E L 7= (Table 1),

QCHs
(MeO)3Si(CH>)s OCC—Br
OH OH OH OH CH Br Br Br Br
| | | | 3
Glass CVA 418K, 5h, 2

1 under N2

Scheme 4. Preparation of BHM monolayer by CVA method.

T NU YT T T 42 K D 3B A O SEBGRR Y 72 43 i

REDOBEEERET D202, JLOEBRBRIET BHM By TN SN2 R EmE2, ~F
P BRBIAERTF LT A T TRz, ZOHEMRE VUV F ¥ o NA—RNICEWZ, D EIC
TAUNRE—=0 DT b A7 (FARHA T AREITNE S pm 721X 10um D Cr #HEET A /34
— UME S pm MR CTAE SN TWD, ZOZEEREOEFE 3x3 cm?, JEX 2.3 mm), & THAR
LT NV ARV EHBESELEDITAT LAY U7 252 HERATEW, KIZ, F¥ N
— E¥BIZ VUV 74 RE%E L, BE T, FrEORE, BHM Hy TR LT 7 4 h~A 7 %
WLTVUV 2R Lz, VUV DT U INTADFEIEH T ABNLTF v A — BRI BT 5
W E COREL 25mm Tho7-, ZOHIEIZE Y, BHM % fEEGRIAIZ /0 L. BHM/Si-OH
TA URE— R LT,

Photomask VUV irradiation (A =172 nm)
Quartz plate v L U L

Crmask—"Br Br Br Br
Iuil

60-600 s

Br OH Br OH
— ]
35-18 Pa 4

3
Line/Space =5 pm/5 pm
or 10 um/5 pm

Scheme 5. Photolithography to BHM monolayer by VUV.

CVA JEIT & D FAS B4y oo Hl

TH NI YTTT 4=k VAR L7z BHM/SI-OH 7 A v 3% — bz, e —7 Ry
JANICBE ST, Z7u—T Ry 7 ANE3IEIN B L, Ry 7 ANPA N, FHKTH S &
I LT, FERIBLNFAS Z AN72 1.5 mL A T A E L 2|/ T T 07 T ZAa I AT,
Z D& & FAS @ CVA Zdili§ 272012, BUKL LTz Si Bt b Aivlc, Z0'ANT T LT T A
OV T HREFE L EE LI, BT TN T TRAaARKEELZT XTI T T THEHET
52 ET, R E BHM/ MV RIREBEE Lic, ZO®/NRT T NT T A a3 &z A
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373°C C 3 BRI L 7o, IIEAL  BEoMC B R T TV 7 T Aoz BlE L, 2B H L7z,
BRI, BEtia =2 ) =N T A LT, ZOERBREEL U2 % O RO KEREER A 2 Z
A L RE = ZTRET A, AT HIENZIUSOWTHIE Lz, F72. FAS @ CVA ZiHlid
% 722 FAS #[EE L L7z Si HAR OBl fg & & L7z,

Br OH Br OH (MeO)sSI(CH2l2CoF 13 Br Rf Br Rf
R FAS A
CVA 373K, 3 h, —
4 under N2 5

Scheme 6. Preparation of BHM/FAS monolayer line-pattern by CVA method.

FAS @ CVA % FHi7 5 7212 H1Z FAS % [EE b L7z Si Bt Ol 413 97-104°TH - 7=,
FKIED OH K & FAS OWFE LFEAIHEIT L. FAS A TN IN 9 ARIERTH o722
EHEND BT,

SI-AGET-ATRP 7£1Z & % poly(SPMK) 7 7 * (il

ZIVE COEREAETHE L7z BHM/FAS HOyFIET A R % — b EER ED BHM Hr+-
ZEAGHERE LT, poly(SPMK) 7 7V 2 ERIHELH LT, 7733 % T A X4 —RIC”
77 b L7z, T SPMK Z 35 100mL A7 U = —F v v T TRAH 7 AEIZHY 5310 7=,
BEAMISZALT BRI T, B & 180 mmxEAE 16 mm #RERE (2 SALER(ID, 2,2- £ B /L2 /1 (bpy)
NIz, FeD T T AREA A K EM %, SPMK 2 SH 7, Z OWIREFLOE X 180
mm RERE TN X T2, S BICHT T AENICA K 7 — &2z, o> T\ b SPMK ZIEfiF S,

C OWIR G RBRE TN A Tz, RERENOEASTIRIC BHM/FAS B3 T T A L2 — A6 Z
AHMERIE LT, MA T, BARISHHEIT L2 Z & 27T 272012, BHM [EEAL Si FEbR
HEAWIRIZIE LTz, MRE LT X LT N—ENT T LV ATEE L NoNT Y 7% 30

ST, 2O L XERITFOEN Th o7, FRHZ, £ 130 mmxEEE 16 mm ORBJDOFR
BRENTT Za/LE 2 0.073 g (0.41 mmol)Z& i1 A4 27K 2.0 mL (2R SH, 02M 7 A =a)L
EUBKIRIR AR L2, ZOT7 A VKRS No N7 U 7 % 30 3T - 12, it
T, EAHWIRIZT A3/ B U BKER 2 NA DBEEZROBE Y IZT o7, BRI O A>T
BREICEZ LTV DT Z LT N—TIERSERI Lo, 7 A3V B U ERKEIK A 0.25 mL T A
2A MY TERHOCTRILLT., ZO8 2028 L TREENICHEAL, 7 AL
B U ERKIRIE A EATRIKICIN A T2, 7 AL EVERIC LY . BARSADANE T S, BEATRIK
GBI L, Z ORERE 2 T8 C 30 min FFE CHEE L7223 5 30°CHZIEMEN) T 0.5-
12 LA ERIE L, EEEZEITSE2, £2i3, MM A== —ZHWT, HEELRNRH
30°C ZfRo7z, EAEZKT S, EREWY HIBRT, 7% LT 8 —%BE L, @0NHE

21



H2E

WaRE LT, OkINIF TOR o7, ZOHIX, ZOBOEREROWHE LV EFHIZTD
eIz, ¥z, B TESMEZEEHRLRNCD TH D, ) BREMA ALK, =F L7 a
—/b, FFOWA AV KDONEIIRE, L2 TDHZETHRIF Lz, ZOBREICLY, TA1 %%
— 1t poly(SPMK) 7 7 *//FAS B0y Flsm, B8 L OEARIGHHET L Z & 27HMlid 5728
® Si FM L poly(SPMK) 7 7 > Z M L7z, Si A b poly(SPMK) 7 & D%f K Eri Bk /4 %
WE LIz, £72, EOT TV OEEZ SN 7Y A =2 —Z XV HIE LT,

Poly(SPMK) brush

CH
L2 FAS monolayer
CO,(CH,)3S05K

BrRf BrRf  spwk 5 N

~— 5  AGET ATRP or
/C):\uBrzépr/ " 10um 5 pm
Lo OMeon . Poly(SPMK) brush/FAS line pattern
303K, 3h Brush Thickness = 8-83 nm

Scheme 7. Preparation of poly(SPMK)/FAS monolayer line-patterned surface by SI-AGET-ATRP.

EASIEPET L2 2 & &I 2729 D Si FMK _E poly(SPMK) 7 7 o Dt /K R HEfil 4 73
7°THY . BEED 20-134 nm ThH o722 &5 poly(SPMK) 7 7 v D% ISHET L 9 5K
ISR TH T2 Z LN BTz, 207 7V OIRRIL, EARTERIZIIT 5 SPMK R K&
<, HEFFMPAERWEERE S RDHMHEMBH -7,

AFMIZ LD T A 2R a2 —AbR Y = —7 7 &K i ORI E O J &

FAEL X472 poly(SPMK) 7 7 //FAS Wy Tl A L3 — U RO EEZ AFM (2L 0
HE L7z, —#lE LT, No.126 1 (poly(SPMK)~” 7 *//FAS B4y 1T A M = 5 um/5 um)®
AFM FERG L Z D7 v A+ 7 > a > % Figure 1 |Z/R LT,

AFM TR OB 5 WM E R 0 @nE s 2, — 5 BEWER I L VIRV 2R LTV D,
HESNTBIY . mWET EARWE B HEIRICR FIZESI LT\ D Z &R ahole, mEs
FERY =T FZIVMRETHZ L TEREINTZEEXOND, —TJ7, BROEHZIZIERY ~—
TIUVIHESINTEO T, FAS A FETHES N TS LE2bhD, Lo T, ZoOHEK
ZENT T VORREICRIE L TS EHEITx 5, ARSI ZNThD T A L3882 — T,
poly(SPMK)~ 7 *//FAS /3 FH T A 2 =5 um/5 pm F 721X 10 pm/5 pm OFXFHEY O T A
Rz bbb, 77 VEE 883 nm THDH I ENMESNIZ, T4 /3 F—3lBHE % DIREIET,
xf K B BEfih ) & 31T Table 2—4 /R L7z,

22



i
[\S)
i

Poly(SPMK) 7 7 //FAS T A > /3% — ALZKiH O XPS 12 X 5 K E LR D 5387
Poly(SPMK)~' 7 //FAS B3 1T A L% — L RE DO eHME XPSIC LV /o Lz, &
7o, D72 FAS @O CVA 2177 % L 72 poly(SPMK)~ 7 +//Si-OH 7 A /3% — > 155
Mritz, ENHDARYT FV% Figure2 & Figure3 (2, 10— A% ¥ (Figure 2)D ¥ — 7 [HifH
ZH EIZEH U7-orE k% Table 5 (2R L7=,

Poly(SPMK) 7 5 //FAS By FIET A /3% — > #ifi 3 L Y Poly(SPMK)~7 7 +//Si-OH 7 A
yn&wyﬁﬁ:ﬁ\mM@Mm77v:m%ﬁés&:K@t~7ﬁ%%éhtoik\
Poly(SPMK)~ 7 “//FAS Wiy T T A > /3% — U KiFIZIE, FAS B3 TICHK TS F O —
7 BHER ST,

SPMK HNZ/FAS HNL D32 Rb % Z & T, Poly(SPMK)7 7 DT A EH 5 um & 10 um
DE % g UTe, HALHEFE CIEE 10 pm 1308 5 pm D575, SPMK OWVE DS 2 512705 2
VRIS PR SN D, FERITIX, SPMK HZ/FAS HZOD ELEFEAY | HE 10 pm (X108 5 pm D 2.2
FEChol, LoT, HiEABKLTWD LAHRED,

Kop OFFLILIZ DWW T, BamfE & BMMEZ el 35 &0 FZHMED J7 03D 720 B T D
IZ K" HACEE b7 7207 8B 2 Hi15H, CF (292.0 eV)EB LY CF; (293.0 eV)IXHED
Kop15(292.5 eV) & 72 D, 2925 eV DE— 7 X Kopis & L TUBIE L2, Na S &hi=28, =
B VEFDOERIZ KA NaTlZA AU B ENT=h B ThDH EEZDBND,

23. TA R B—UAbES TEME T T R E O - BB A T

FAEFEO RN OUNTERY « BIRYBREARA 2 E U7z, BIE T2 K O IRFE I X F Bl
56 2 L, BB O%E 30 L T D, Figure 4 (TR L7280 18, T4 3% — ALK H

DEENL, T A 28 F — A TAT ST M OBl fy & TRE 710 OB Ol 7 & IE Uiz, HEE
% Table 6-12 |Z/R L7z, RITR LIcmiEER LW EBROEROMFEIL AFM %205 50 -
TEAE, BRI ) 7Y A R =L ko THE L7 HKETH 5,

FaEDHIAD T A X2 —RIET, §HHY - BIRGEEALA & H12, T4 /38— AT
O X0 TELT R OB AN KR E <20 BRIFVERNSREL LT, RO M, L RiE TR
NX—DFERIZEKNT S EE X DD, Poly(SPMK) 7 7 ¥ « FAS By T-EEOBE N & 612 5 um,
77 VOFE (FIKZE) 23 11 nm @ poly(SPMK)~7 7 //FAS 7 A > /3% — VREIZEBIT H/KD
K AREREfR A 1L T A 3 — 2 LTS 50°, TEE T AIAS 59°Cdh - 72, LLF O Cassie O
KOG ROD &, FATHMTIL0.75, BEHMTIX0.67 L7220, BAMET 7V EDOFHS
MRE AL b,
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cos @'=fcos 6+ (1 —f)cos & (Eq.1)

7. BIEEARA S T A N — 2 LT M OB AR TRE S L VR 220 . BRAGMERN
ﬁ%ﬁbtommﬁMmfﬁy&mm@%ﬁﬁﬁm*wﬁ—@%h%ﬂnnmkame

m! THY ., FA " F = IREFFIKEPIBEIT D & TR E RT3 F —FEEEN (TR
T 570, BEGEITRNCL <Y BEEFNASRILIZEEZHND 2, ZOTR)LF
—FEEE I XBUKPED FAS By FIRAMEWER I — f L F—ICHkT 2, 20 X9 REGMEH
5 um EH D FAS T VXN T VB TEE ST ) — NV E SI-OH fEkE DT A XA — R
HIZBWTHRAT DL LERFALICI > THRESNTVD 0, IHIZ, R ~v—T T TS
J A= VA —=Z =TI 50, ZOBREIZHKT 2WRA2MEEEZRF > TWD, 77 U3
KEHERT 52 L TML, ZOBEENERT 5720, MEGEITEEREL Y RE< R0, &
DOIEEIZ LY . B IEDZEN G725 S, K ORERA ORTERT T b b, TD7,
T A NZHE T ~IKIEAEIVER VT 720 | 2 OBl 23 SEAT 5 m O BEfilf LD K& <
rolebBZEZ BN,

TIVDEENRI D T A LR = REIIBNTH AT U VAL, AT AR L Y EE S
MDFNREDNST, BEAT U TARKENT LIx, BEOH S LMK O AL E)— &
MRENVWZLEEBERL TS, T4 0 _F = ZRESICHEEE TS & i3, AT HICHER
THEELED L, TA U E =V ORBEBLORAT LT —0EN, REEETHZ L
Moy ole, Fio, TEITH EFATHMORMERDFEL | FEE ST & AT O%IEMA D% L&
EHTHE, EOTA L RXZ—RETYH, BEE I EFATHROREADZZD TN LY K
Ehoto, TOREMIL, KENEET D & EHITOEMBILT A 282 LERH L3, %
05 OBERBI TN OB ENGEMTIVUI R WE TN o2 B2 b, T4 /3% — 2 &RiY)
%2 EE, BESTICAFAET 2 LRI J O L X — i 5 0 R R 2 i O Bl 23 5 0
M52 L2EHRLTND, T4\ F =X THELD 5 um Z & DONARE X O= 51
F—H 72 BRI, RIS U bR E RIET B2 b, BT, IR ORI
DHEMFRAEATZY | ILFE 5720 2N B KT D FBPBIE ST, ZOZEEIT, MR
REVIEOHRIERT D EEZHND,

Poly(SPMK)/FAS Si # 1 ? RunNo.21-A 721F1%, £ DIEHD poly(SPMK)/FAS Si, 7 7 A i
XV, BTOEMANKEN>T-, ZOHEMIEL, RunNo.21-A Tl poly(SPMK)D 5y - & £ 72 1%
777 MEEMNSOND, EE MORE LD FAS OREEDZNNLTEEE R BN,
ATE OFAIL, AFM ICX > TR SNTEEHEESLH Y 7Y XA M) =it ko THIES T
JEEOE & B L T\ D,

Poly(SPMK)/FAS Si i ® Run No.24-A 33 £ 18 40-2 & poly(SPMK)/OH Si #[#i® Run No.52-1
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EERWHT D & R IT E OREITH T A Lo — U IRE 1A TTIX 60°MIT, AT
[ TUE 50T DIE Td o 72, FAS B4y T OFFEN, FHHEARAIZ 52 D BIT V& B 2
bivd, —Ji. FAS B F-DIFIEN R ES B L TVDLDIE, T4 /3 F— T HEE TR OF)
MMl T D = L 343> 7=, Poly(SPMK)/FAS Si ERIORTHESR, #%iBMA R X 0% MAI1X
poly(SPMK)/OH Si & L V. 7°7°5 10°KEZ o7z, FAS Hy 10D T A /3K — 2 3K DIF
BaEHELTWDZ Engholz,

Poly(SPMK)/FAS Si i Tld, M= & #tMA OFENEN D L TR TE 528, Blivikeno
72 MBRRRZ G 2 7201T1%, FAS DA RN FERE T, SRAEN R L3 2, 2 <H
LA L NET DLEND D,

Poly(HEMA)/FAS 20 Tl FRAVEELA & 128 AIXFRRRE CTh 223, Al LM TN
ZAVI0PEE LMD FNREL IeoTe, @IKEN 3nm ThoIiZb b b, BiFMmEnN
FHLLT-DIX, RO FAS By FIROR TH D LB 2 bivd, 72, FAS By T XERHE
filifg L0 b BB ICEEE 525 2 LNy oTn, BURIICIX, FAS O T T A v
RE = ATKFEBIEE LIS KT DIRDB DD LRI TE 5,

Poly(HEMA)/OH i C% ., poly(HEMA)/FAS K 1fi & [FIERIZ, WRAHEMRAG & 1218 M/ 13 RFEEE C
DN, FIEA T ISCE A T 10°RE S DGR RKEL ol

Poly(HEMA)/OH #1fii & poly(HEMA)/FAS i Tl HE[HE )7 [A QAT A LIS OBl /4 1%
poly(HEMA)/FAS K DIE D NRE < Igolz, BEMATZTIE poly(HEMA)/OH i D778 K&
725723, poly(HEMA)FAS REDHFNREL 2D ETFTREINDH T EITK LTV, ZOH
L, SR 72 B KDY poly(HEMA)/FAS FEiH® 3 nm L ¥ &, poly(HEMA)/OH & @ 53 nm
DIFBREDSTNETHDH EHETE D, MEFMOEHEMIL, BETRALX—OREEL Y
b R DONARA 22 BRI R E RIFT 5 Z L DR SN D, W, S04 A LIS O BRI BEfil A |
ATE A 6 K OMRIR AL, REOVRNZ2EEEL Y RE T RLF—ICKE RFT D 2 LR
@RI is,

2.4, EARBYZRWER OWRAVIRD D OBlEE

F7o. WHARENIRR TH 2 LATHEOME &L ERMENERROBE L RFTT 2572912
poly(SPMK) 7 7 S//FAS BASy TN T A L3 — U RENZBN T, I DNBIVLA > T < 258
%152 U 7= (Figure 5),

HEOBIE L FEOLMEICT H20ic, 77 U, RMaafcialz, £79. 77 vz
22Wt% AT LU TN —KER CHEICYE LT, BiA A KR CRmEEZTSE L, I,
BIEBREE O O, 500 mL & — 7 OBEEII A A K THES LT LU A T AR )
. ZOE—HDERDIZATA RHT AZE N, HO LIeX AU A FI3BIER AR & fafik

25



H2E

EKJEIZEDT D EEN S D, ZOATA RH T AD EIZHERZKEICHE LT, ZORMEIZ
36wWt% 7y Ry B 1 KEKRR.00 L) & Lz, ZD& 2R t=0s & L7z, KA
BAVRNRDEEEZE ENOET AN AT TR Lic, /7 A /3% —  RIEOHEARERE A
[mm?] %5l L7z, D% 3.6 HTHIRT 25 K 912, ml A 2R t ISk 27’ e v F T
F L7z,

2.5.

AREETIX, AT A AT LT 272 DI B L 2R A F U MR Y ~—7 7 S BUKMER 11K
TA RS = FEERMYE LT, ALFERIERAEE, 74 N Y 7T 7 0 —1E BRI OSERHEBG
JRABEN T CONVERERNT, A 3R ~—7 7 2 L BUKMERL ) TR A BRI LTz
YA T BRA=MNF—=H—=DFA N\ F =k 3 BR EICHEE LTz, TR ) BRMER
(AFMIZ LV 77  OIERE ZHIE L X #OE T 0 JEEXPSIC L A F R U ~—d poly(3-
sulfopropyl methacrylate potassium salt) (poly(SPMK))~7 7+, 83X O 7 vt 7 /v F V551 D
perfluorohexylethyltrimethoxysilane (FAS)Hi5y - D &K hi[H E L A2 RS LTz, Z Z THIE SN2
TYVDORRE « T A MENTATHEROMBIZED L S ITHETINESE 3 BCHRFLE, 70,

CORMISKFEZTHEL, 74 2 G = Z2Y5 T MERETM), BEOTA _4—12

B2 T2 T RCHT M) ZNEN O RRER A 2 RES 2 &, TE G M OE/AR LD KRE<
Ipole, ZOXITHNDORGUENRFEEL TND Z LRI D HiLE, T, 74037 —

EHFNKFERBENT 5 & I RE RV F —[BEEAZ R B 2LERH O | EES
FITRAUCS K R DTedTH D, SHIT, NI ~—T T UWEKT 28T/ A— F(m)D
IMAEEIC K VKO E IEDR BAEL TS Z & HBICE T CERMRIFENOEZREZIT
ofc, TIDDFERNORFBEVICT A L RF — U BRI NTo 2 LD O bivTe, RET
(TEARYZRAAEDN RS B, RNBGUC R GIEN I L2 Z ERW SR 5T, O
KN T A L H KT IR OENDIEEL L7223 WAV IIRE Z & IR DE D
HURTHEEZEZDND, T7bb, BAKERY ~—7 7 UHEEUC O ZSEATEBRE DB AVAH D
BOKVEH S TR AT AT MR L2V I TE 5, IROFBIETIE, ZHHDTA
Z— AMEREIZB W THATHIEOBIERE 21TV MR RIEN 285 5,

235 STk
(D Kobayashi, M.; Terayama, Y.; Yamaguchi, H.; Terada, M.; Murakami, D.; Ishihara, K.; Takahara, A.

Langmuir 2012, 28, 7212-7222.
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Table 1. Preparation of BHM monolayer on glass substrates by CVA method.
(A) For preparation of poly(SPMK) brush/FAS monolayer = 5 pm/5 um line pattern.

Contact angles at the
Toluene, Concentration of Heating

RunNo.  BHM, uL BHM monolayer state,
uL BHM, vol% time, h
deg
126 1 20.0 280.0 6.67 5.1 68.2 £0.6
145 1 25.0 485.0 4.90 59 81.0£1.3
1551 20.0 280.0 6.67 6.1 70.0 £0.1
163 1 20.0 280.0 6.67 6.1 68.3£1.0

(B) For preparation of poly(SPMK) brush/FAS monolayer = 10 um/5 pum line pattern.

Contact angles at the
Toluene, Concentration of  Heating

RunNo.  BHM, uL BHM monolayer state,
pL BHM, vol% time, h
deg
216 1 19.5 370.5 5.00 7.2 80.0+£2.2
217 1 19.5 370.5 5.00 7.2 80.0£2.2
219 1 19.5 370.5 5.00 7.2 80.0+£2.2
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Table 2. Photolithography to BHM monolayer by VUV.
(A) For preparation of poly(SPMK) brush/FAS monolayer = 5 pm/5 um line pattern.

Pressure, Irradiation (1) Contact angles at the BHM/Si-

Run No.
Pa time, s (2) Orthogonal (3) Parallel
126 1 35-35 120 No data No data
145 1 16-16 420 77.3+1.7 74.0+2.4
155 1 17-17 420 68.8+1.5 71.8+3.6
163 1 23-23 360 69.8+2.4 71.5+1.9

(B) For preparation of poly(SPMK) brush/FAS monolayer = 10 um/5 pum line pattern.

o (4) Contact angles at the BHM/Si-
Pressure, Irradiation

Run No. ) OH line pattern state, deg
Pa time, S
Orthogonal Parallel
216 1 60-70 300 No data No data
217 1 60-70 300 No data No data
219 1 60-70 300 No data No data
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Table 3. Preparation of BHM/FAS monolayer line-pattern by CVA method.

(A) For preparation of poly(SPMK) brush/FAS monolayer = 5 pm/5 um line pattern.

(7) Heati (8) Contact angles, deg
(5) Run (6) FAS, ng (9) BHM/Si-OH line pattern state (10) Referential
No. pL time, FAS
(11) Orthogonal (12) Parallel
monolayer*
126 1 5.0 3.0 111.3£2.3 113.6 £2.7 96.9+1.9
145 1 20.0 3.0 955+14 97.6 0.7 1053+1.3
155 1 20.0 3.0 106.0£1.4 106.2+1.2 104.9+2.0
163 1 20.0 3.0 953+1.9 953+23 106.0 0.4
(B) For preparation of poly(SPMK) brush/FAS monolayer = 10 um/5 pwm line pattern.
(15) Heati (16) Contact angles, deg
(13) Run  (14) FAS, ng (17) BHM/Si-OH line pattern state (18) Referential
No. pL time, FAS
(19) Orthogonal (20) Parallel
monolayer*
216 1 20.0 3.0 110.0+4.2 108.5+1.1 101.8 £ 1.3
217 1 20.0 3.0 116.3+2.9 106.6 £ 1.7 101.8+1.3
219 1 20.0 3.0 111.0£5.1 115.1£2.1 101.8 £ 1.3

it

* Referential FAS monolayers were prepared on Si wafer in the same separable flasks containing BHM/Si-

OH line-patterned substrates for evaluate the progress of the CVA of FAS.
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Table 4. Preparation of poly(SPMK) brush/FAS monolayer line-patterned surface by SI-AGET-ATRP.
(A) For preparation of poly(SPMK) brush/FAS monolayer = 5 pm/5 pm line pattern

Run SPMK CuBr», bpy, Ascorbic H,O, MeOH, Polymeriza-
Na mmol  M* ol umal  acid umal  ml ml__ tion time h
126 1 7.57 0.630 6.7 15.4 6.7 3.60 8.40 12.5
145 1 2.55 0.229 3.7 10.9 5.1 3.35 7.80 33
1551 7.63 0.381 10.7 20.5 10.8 6.00 14.00 0.5
163 1 8.23 0.411 8.1 17.3 8.2 6.00 14.00 3.0

Run Referential poly(SPMK) brush on Si wafer*®

No. Contact angles, deg Thickness*°, nm
126 1 81+14 397.7+2.4
1451 7.8+0.1 85.3+8.3
1551 55+02 349+34
163 1 8.1+0.8 141.3+£0.9

(B) For preparation of poly(SPMK) brush/FAS monolayer = 10 um/5 pm line pattern

Run SPMK CuBr;, bpy, Ascorbic H,O, MeOH, Polymeriza-
No mmol  M*  ,mal umal  acid umal  mI ml tion fime h
216 1  3.74 0374 47 10.2 52 3.00 7.00 1.0
2171  3.74 0374 47 10.2 52 3.00 7.00 0.5
2191 3.80 0.380 7.4 16.9 7.5 3.00 7.00 2.0

Continuation of Table 4(B).

Run Referential poly(SPMK) brush on Si wafer*®

No. Contact angles, deg Thickness*°, nm
216 1 83x1.7 142.7+4.2
217 1 8.1£0.6 66.7+0.3
219 1 7.5+0.7 78.0+0.3

SPMK = 3-sulfopropyl methacrylate potassium salt, bpy = 2,2’-bipylidyl.

Polymerization condition: SPMK/CuBr»/bpy/ascorbic acid = 500/1/2/1 to 1100/1/2/1, in solvent:
MeOH/H,0 = 7/3.

*2 The molar concentration (mol L™! = M) were estimated by dividing the mole number of SPMK by sum
volume of MeOH and H,O, but not dividing by total volume of the solution.

*b Referential poly(SPMK) brushes were prepared on Si wafer in the same tubes containing BHM/FAS
monolayer line-patterned substrates for evaluate the progress of the SI-AGET-ATRP of SPMK.

*¢ The thickness of referential poly(SPMK) brushes were measured by spectroscopic ellipsometry.
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Table 5. Atomic ratios of poly(SPMK) line-patterned surfaces.

(A) Theoretical atomic rations.

i
[\
it

Atomic ratios, %

SPMK/FAS
Cls Ols F]s Sin SZp KZp
Poly(SPMK) brush 50.0 357 00 00 7.1 71 -
FAS monolayer 320 12.0 520 40 0.0 00 0.0
(B) Observed atomic rations.
Chemical Atomic ratios, %
Brush
Run composit Brush/spa SPMK/F
thickne
No. ion of ce, um Cis O1s Fis Siop Sap Kop AS
ss, nm
space
163
FAS 58 39.7 40.6 33 7.2 5.1 4.1 20.0
1
B 5/5
163
Si-OH 50 483 367 0.0 2.3 7.1 5.6 -
2
166
FAS 39 46.2 372 1.8 3.7 6.0 5.1 44 .4
1
B 10/5
166
Si-OH 40 46.8 38.5 0.0 3.4 6.4 4.9 -
2

* The thickness of poly(SPMK) brushes were measured by AFM as the distance of top to valley of line-

patterned surface.
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Table 6. Static contact angles of water on poly(SPMK) brush/FAS monolayer line-patterned surface and

the brush thickness.

(A) Poly(SPMK) brush/FAS monolayer = 5 pm/5 pm line pattern.

Brush Contact angles, deg
Run No.  thickness*
Orthogonal Parallel
, m
126 1 &3 7.8+1.1 6.1£1.0
145 1 35 553+1.1 382+0.5
155 1 8 75.4+0.6 62.7+3.0
163 1 58 239+14 176 +£0.2

(B) Poly(SPMK) brush/FAS monolayer = 10 um/5 pum line pattern.

Brush Contact angles, deg
Run No.  thickness*
Orthogonal Parallel
, m
216 1 42 376+ 1.0 28.6 +0.8
217 1 28 415+ 1.8 319+1.8
219 1 65 374+ 1.6 209+04

* The thickness of poly(SPMK) brushes were measured by AFM as the distance of top to valley of line-

patterned surface.
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Table 7. Contact angles and sliding angles for water and surface structures of poly(SPMK)/FAS line-
patterned (a) Si and (b) glass surfaces

(a) Poly(SPMK)/FAS line-patterned Si surfaces

. . . Spaces of
Ru Static ~ Advancin Receding Sliding Distance poly(SP .
contact g contact from top Thickness /
n contact angles/de MK)/FA
angles angles to valley / nm
No. angles /deg S
/deg /deg nm
/ pm
Orthogona 66.8 +
86.9+17 27.8+3.8 59+5
21- 1 1.5
4 35/65 109+1.1
A 63.8 £
Parallel 783 +£4.5 34.0+47 42 +7
1.5
Orthogona 61.1 £
78212 17.7+1.1 60 +8
24- 1 0.6
45 45755 19908
A 48.9 £
Parallel 59.2+29 155+33 38+4
29
Orthogona 62.7 +
78415 202+£28 72+£3
40- 1 1.5
20 6.0/40 14737
2 554+
Parallel 57.6x1.1 72«17 37+1
2.0
(b) Poly(SPMK)/FAS line-patterned glass surfaces
Run Static Advancing Recedin  Sliding Dista  Spaces  Thickness /
No. contact contact g angles/d  nce of nm
angles  angles /deg  contact eg from poly(SP
/deg angles topto MK)/FA
/deg valle S
y/ / pm
nm
58.9 +
Orthogonal 69.8+3.0 124+38 79+4
1.5
34-1 11 35/65 61.8+£21.0
Parallel 49.7 + 61.6+£54 163+48 38+4
2.1
60.9 +
Orthogonal 771.7+£2.0 156+3.0 69+4
1.1
40-1 18 45755 6.8+2.5

Parallel 50.1 £ 57.6+x1.1 7217 37%1
1.2
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Table 8. Contact angles and sliding angles for water and surface structures of poly(SPMK)/OH line-

patterned Si surfaces
Static Advancin Recedin Slidi  Distanc Spaces of Thicknes
Ru contact g contact g ng efrom poly(SPMK)/O s /nm
n angles angles contact angle topto H
No. /deg /deg angles  s/deg valley/ / pm
/deg nm
Orthogona  58.7
71.0+13 86+25 53+3
1 3.8
52-1 9 45/5.5 7.8+2.6
Parallel 497+ 627+14 11.8+ 42+3
2.1 2.5

Table 9. Contact angles and sliding angles for water and surface structures of poly(HEMA)/FAS line-

patterned Si surfaces
Static Advancin  Receding  Sliding Distan Spaces of Thickne
Ru contact g contact contact  angles/d ce poly(HE ss /nm
n angles angles angles eg from  MA)/FAS
No /deg /deg /deg top to / pm
valley
/ nm
Orthogonal 589 +2.2 77.1+24 341+28 44+2
80-1 3 35/6.5 4.0+75
Parallel 57.7+4.0 672+14 364+15 35+3

Table 10. Contact angles and sliding angles for water and surface structures of poly(HEMA)/OH line-

patterned Si surfaces
Static Advancin  Recedin Sliding  Distanc  Spaces of = Thickness
Ru contact g contact g angles/de e from  poly(HEM /nm
n angles angles contact g top to A)/OH
No. /deg /deg angles valley / / pm
/deg nm
46.3 £ 11.6 £
Orthogonal 65.6 +7.8 54+3
0.9 4.0 46.3 +
75 53 43/5.7
Parallel 472+1 502+54 156+ 34+6 0.9.5
3.6
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Table 11. Contact angles and sliding angles for water and surface structures of poly(HEMA) brush on Si

surfaces
Static  Advancing Receding Sliding Thickness
Run contact contact contact  angles/deg /nm
No. angles angles angles
/deg /deg /deg
529+ 46.3 +
80-4 65.6+7.8 655+41 47+6
6.9 0.9.5
49.9 + 46.3 +
85 No data* No data* 39+5
2.2 0.9.5

VR ORNRE SR E < | B BIARIR O O BHE 3 R TE e o 1o,

277,

FHHITT & 220

Table 12. Contact angles and sliding angles for water of FAS monolayer (a) Si and (b) glass surfaces

(a) FAS monolayer Si surfaces

Advancing Receding
Static contact Sliding
Run No. contact angles contact
angles /deg angles/deg
/deg angles /deg
1-A 107.9£0.9 1149+34 924 +1.8 18+£2
14-B 86.0+2.2 924 +£3.1 63.8 £3.9 29+3
68-1 106.1 £0.3 114123 93.6+2.5 19+£2
(b) FAS monolayer glass surface
Advancing Receding  Sliding
Static contact
Run No. contact angles  contact  angles/de
angles /deg
/deg angles /deg g
68-2 116.5+1.0 1242+20 704+18 59+2
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Figure 1. (a) AFM topography image and the cross section of poly(SPMK)/FAS line-patterned glass
surface. The distance from top to valley correspond thickness of poly(SPMK) brush. In the case of this
sample: the run No. 126 _1 (brush/FAS = 5 pm/5 um), the brush thickness was measured 83 nm.

28000 - Ots |

@20000: """'"'L"*""\J Na kL Kos Sos \§I258i2 i Brush/space = 5 umy/5 pm
216000~ Na1so KLL P (a) Space: FAS

-‘§ s\ ‘J% (No. 163_1)
£120001 (b) Space: SiOH
= u < (No.163_2)
BOOO;L'"‘""’\ . A \J _| Brush/space = 10 um/5 pm
4000+ (c) Space: FAS
L M (NO 1 66_1 )
0 ‘ ‘ * (d) Space: SiOH

1000 800 600 400 200 0
Binding energy, eV (No. 166_2)

Figure 2.XPS survey spectra of (a, ¢) poly(SPMK) brush/FAS monolayer or (b, d) poly(SPMK)
brush/Si-OH line-patterned surface (brush/space = (a, b) 5 pm/5 pm or (c, d) 10 pm/5 pm).

Each brush thickness was run No. 163 1: 58 nm, No. 163_2: 50 nm, No. 166_1: 39 nm, No. 166_2: 40
nm.
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Figure 3. XPS Cis, O1s, Fis, Sizp, Sop and Ko, spectra of (a, ¢) poly(SPMK) brush/FAS or (b, d)
poly(SPMK) brush/Si-OH line-patterned surface (L/S = (a, b) 5 pm/5 pum or (c, d) 10 pm/5 um).

Each brush thickness was run No. 163 1: 58 nm, No. 163_2: 50 nm, No. 166 _1: 39 nm, No. 166 _2: 40
nm.
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Figure 4. (a) Optical micrographs of static contact angles of water on poly(SPMK) brush/FAS
monolayer line-patterned surface and (b) illustration of the measurement directions.
Poly(SPMK) brush/FAS monolayer = 5 pm/5 um, Brush thickness = 35 nm: run No. 145 1
Poly(SPMK) brush/FAS monolayer = 10 um/5 pum, Brush thickness = 42 nm: run No. 216 _1

Acid Red1 aqueous

c . Droplet/surface
-% sojution (2 L) interface area
9 ®T ¢ O
5 |
o .
£
- 2mm el AR e —— —
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Figure 5. Photograph of spreading of a droplet/surface interface area on the line-patterned surface:
Poly(SPMK) brush/ FAS = 10 um/5 pm, brush thickness =42 nm (run No. 216_1), dyeing with methylene
blue. The observation was conducted on the bottom of 500 mL glass beaker at room temperature (293—

298 K) under humid air (humidity: 64%).
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Figure 1. Illustration of precursor water film elongation from a macroscopic droplet contact line on
poly(SPMK) brush/FAS monolayer line-patterned surface.
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WU IZ AR ER SN DD 1 D1F, FEEEIMIBO R o FRAE L 7e W IR O £ AT
B, WIREEWA7RR L T U OBREN )IZ L > Tk T 57 bIF, HEa/ MU d 22 L
BHRETH D | HEHNAG IRt = ¥ CRYYERE X~ FORBICEM TE2LE 25
Do WEIREEDBRBI BT 258X, #kx 77 e —FhbiTbhTnb, iz, &3k
2SS ORE TR F—2 BEBIG LEHAIROZEIE D, B+ OBEN Y, ToOlK S
TeRY ~—~DOFWHE D, A A MR ~—ORF2MEM3 2 2 L I2 X 2K OFEE 9% F|H
LEo LT 28013 H 5,

WNFERE DT- D OBREN ) DM E L CZNETHER SN TR0, AhFEME LT,
RN TEMET 7 VRETOND, My FERET T2 3, BREREICEESNZR) ~—

DEAGRTHLRY ~—TFON, R ~—DMEHPERE CHH7 7> Thd, mnTE
fRE 7 7 OB LT R, IEFEITIRO SR E A 2R L, BB E R ET 57, £
7o, WROIMUND 7 T T BKRERFFT 25 2 & T, JREPHIC O > THEAE LIc B2 BT 5 ¥,
BT BUKNE LA M & AR TR, BRI C B IR R ER OMER ATREIZ /2 5 &
HrrcE 5,

R ~—7 7 RENTEE & L THIET 21213, WIROEBEIC T WERSH D Z &, 2F ) Kl

CRGHRARS D2 ERNETH D, BIFMEFIVUIHEE ORI L > CTREIEL Z &
MWTEDL, Bl HTREEDIEDO —EZBUKMER Y ~—7 7 O TEM L 7oKl T, K
DT 7N, BRIIG C TN TWD K012k 2 9, 72, @ RoT A T A4 7K
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DFEE & BRI DL O FIDN SEI & 2 PATIC N Z — b5 & ZDEE EOKIEOTFIEHE
RlZ722% 19, 5250, REO(LFIHEEZHIET 2 2 L2 ko TH BGHERVIHRET 5,

ZORBOBNIL, TAF NV ETITT (LT V¥ L HLS3 T perfluorohexylethyltrimethoxysilane
W AE U T BOKVE 7R BRI & Si A D Si-OH A3de & H LIZ 72 » 7= B AKPED R & & 28 B2/ %
— AL L2 REDZET Dav, BITMHEFILT AT U HRT 2 KM D = R L X —[ERED
ToORBLT D EBRINTOD D, MUNEK E L TR TEME T 7 2RI LE S L9254
B ZOTFED XS ITHKEEY TIE 7 T2 DT A4 232 — ORRBICRET 2 Z &k v,
BGMBNRHEIRT D & TRTE D,

EDIZ, TITVEHNTOTA R\ E— NG & LTI 2R, Y — U REEHS
FEHIZE T LT, WIREAEE CEX MR LV RS 2D LR TE 5, BHEBRIIFEOL
O IR RIS W T TR <, BB RIBEICE W THREE D ZENMbI TV D,
B D B OFNZIT, SFHEICTHEE S e, B0 AR O W & b Dk oM D-12-19,
& D WIIFERCE IR DO ZEE TS LT fE 191 e En3h 5, BHBROBEITEMICRLS
Ay AR OWFFERSRIT I > T D, BIZIXT T LD 1920 ) K1 7 DKz 2D
7 EOBENT-BE O ERIA L, BL XD T HERD B,

TIVERGTDTA U NZ =T Ko TR SN DR ORI O BB LD | M
TSN D IR OBEGRA VIS LB b D,

4=£% (0
Z 0GR A HOIUT, w, IRSdOEEOWH Z & D, TEIZS TR S DERVEZ RN E
EACN Tz & &, RO BimRET D REI7 ERESZ 2RO LR TE 5, Xhop
ITIRIEDERE, gl ZENIEETHY, VI TORXICL->THEAx BN D,

(cos O — 1)w>

>d 2

V=y (c059+

T VIR DO R ES, 01T TH L, KU AZ 7 UNRA T B722%  E 0.2 mm,
RS 02~0.1mm OFEFOWH %2 & OB B OFE TIE, FRMEISEWEERE 20 mm 235 54
TW5,

ABFFED FATHREN L, BB EBE L I3RRDHARTH -7, LinL, HET/ A—brd—
F—DEREEZ b, R ~—7 7 T OMZME 58 LWBREN) 2 H 3 2 il O ek & LT
METHILBTED,

3.3. Poly(SPMK)~7 7 L//FAS By FET A L /3% — L RN BT 5 JeA TR g 22
ZZETOBRICEY ., FATHIENFEET D Z ST LN o728, B2 R L 28
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BT L LI TERDPoT, I TRIZ, AKFEIZEWZ poly(SPMK) 7 7 2/FAS HLor 17 A
YORE — U RENKIE & FHE L, KOSATHIERR I & SRR T 272852952 L %R
ME Uiz, ZOBETIL, poly(SPMK)7 7 v LT T g R 5 aFETHRE L, HEOL
S SRR ICBIER T & B L 5 IC TR L 7= (Figure 8),

529 poly(SPMK) 7' 7 L//FAS BASy TN T A L /8% — U FHIT 2.2 wt% A F L 2 7 —/KIRIK
(100 uL) % 10s I 7E S/ 72, ZAUC K0, 77 0 BN E I ta S v (Figure 8a), & D%,
iA A AKTHHE L, 7Y —Ciag S, ZOERE, WELROTZOITHA 42 K THE
NIexXLTAT LRI, ATA RTTALDTTAF v 7 % —LVOHRITKEICEE LT, 2
DEE, FLAUATREMRCEM UL NI DICHER LI, ZOATA NI AZBMBEDORT
—VICRE LT, ZORMEIZ3.6Wt% 7y Ry B 1K 2.00 uL) % & L 7= (Figure 8b),
ZOLEEF# =05 & LTz, WEEROT-OIC, #IRLV XLy —L EDRMEST T
v TN, TO X DI, BAMBHBIE A T — URBHE I EFK A KRB A MERF T2 K o 72
TRZH L. #HOKUIIZ X 2852 Uiz, B - EEFHAND 8, AD-5648A) CTHlES
HEL U — LINITIRE 87 %, 1RFE 21°C 2017 44 ) Th o7z, Z ORI ORI E2C
& DNLE CHEF A2 EE L, Bl i OB EHG 2 R L 7= (Figure 8c), BIED L EDHT A
M RAT TS5 L9 e,

Figure 3 12T K D ICHEERIRIED 7 7 AT F O TH o7z, 3.6 wit% 7w Rl v R 1KE
KOWIIRETH o7z, Ut L, EARRZRBERR D & JeA T R L 7= fipHi T Al
polz, OGRS RHAMERBEX & Lz, ZOMEHRREZEAHEMEIC I VEEL
7o WITHRARD K H 1z, MEHEEEX 2R ¢ \oxf 7 Ak 7" 7 v T L7z (Figure 10a, #f
A, @),

SEATHRE O R O RE i 58 2

Figure 10 (2, ZKIZE 2 poly(SPMK) 7 7 “/FAS Wiy 1T A » /3% — U RIFIZ
IRFfE] ¢ (e 2 SeA T D i R BRAE X Ok 7 v MGt 1, @)Fs L ORI/ 7 A v /34
— U FEHOERE A OWRE T 7 v b (#EEAEM, O)amr Lz,

R E & BITHEE LT, ZOME ax (TFFEDORRE x TEAL L7z, EHiA DR tx D
A% T, MROREIL2 DOBEMICRYTE DB 27, TNETNOHM T, (HREEHE X [um]
X ¢ [S] DRI 5 Z ERH LN 5T, ZOFRELUTOXTHI Z & ic& L,

log(X) = ax log(#) + bx (1

Z O E ax 1 &0 R OBE &2 FHEd 5 2 &2 L7z, Figure 10 (2 CTHI7R L 7= poly(SPMK) 7
7 V[FAS Oy T T A L% — 2 FH(10 pm/S pm, 7 7 VBUE 42 nm, No. 216 DDA, &
1 SO X 1T au=3 Th o7, BRENZ L2, HE L x=370s T, T W/NEL 052 B
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BED a=0.6 1272572, LovL, ZOH%BMEIIELT S Z &R RE LT,

AFLUTN—LT vy Ry R ORISDELE

INETORITHEBEOBETII, AF LU I N—CROEINTZTITIVNRTI Yy Ry R 1K
RS 5 & JEIZR 2B EFIH LTz, ZHUIBL F o Tk S 2 g
RIS ThHolzeBZEx bbb, AFLVUTA—IRILIRIETHL EHFRTHLN, BILIND &
2725 08, —J, Ty Kby R1OF7 b= HOKRRTIIBBE LT <, 77 b
J DL TREEIC I D Z LN TE S 90, KoT, Ty Ry K1 OKFRRTBAF LV
TN—IB#T DL, ZOAF LT A= I3 EAIIRD EEZOND, RERRZIRAGT
5 EWRDRAIZ 2 DB MIE, FEREPHERE LTI 200 Tho B2 bND, 20T
EIRETED & AFRORBIKE 2V ZOBEYMFE LIRS S THBLIEICSOGITE £ 72
WL THDHELEZ LD,

NgaSO:; 803 Na

OH HN— CH3
Methylene blue (blue) Acidred 1 (red)

O ONC)
s g

Leucomethylene blue (colorless)

Scheme 1. Oxidation-reduction reaction of methylene blue and Acid Red 1

3.4, R O RO YRR & o B
Wi/ 7 A 3 — R OBEfREAE A 13ETE O REDREH 14 £ TR L., Z0#IT
BT D 2 L3y ino T=(Figure 10, fEdhERl, O), mAE2MIEE T 2D ZE I 5Ic ey, A

TO@BYIZEET L2 ENTE,

log(4) = aa log(?) + ba (2)

Figure 10.1Z CTHI7R L7z poly(SPMK) 77 2//FAS Wi -l T A > /3% — i (10 pm/5 pm,
77 VBRI 42 nm, No. 216 1)DH4, WIKOHEFEIL ta = 153 s £ T aa = 0.2 TR L7z,
2\ CBLEE LTe THATHEIR O R ) B LU TERR R OIRIVAD Y | % BT TRERA
AR LT, MEOFREIX, 2 DOBEMICK G TE, MEOHE 1 BEfflLan=3 2L, £l
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3
BEL D &, EH<HRE L, ZOHBO—EIT, BERZREREFIVRD > T2 HifH & #E
STV, — . RO 2 B TIX, IAOILRIMELL LB TH LI B RO LT, X ap
=0.6 OEEVIESE THRIELET -, TRV F—BkN DO DOBEREE 4TI TYTo T,

Figure 10 TiL., #tslO LM #AE A [mm?], 2N R FEME X [um] & 27 2 o OB R
W7y FETWD, HRlZHEETIER S, WEOFERICTHZ LT, Wonzhiz 2 Z &0
TEXLM, T CEHEATHETRTZEICL, TOHEBIE, 4% OB THREHHR= RV
F—OEAGITIERT 216 THLH, FmH BT RLF—DZE X, MUhmfE A4 & FER-X
K, IEIR-RUR, BRI O BT ERE 572 ) DOZFNZ D FE T R —psi. ysva pve ek
0 HNTUTOWY IZRIND,

AG = st AA — ysy A4 + yry A4 cos(0 + AG) 3)

Flo, WATIHET 2D Z EIZiE, T4 v\ F— AT H B L OTEE T [ ~D AN Y % [F R

ICEBRTE AR LD D,

3.5. AFM (T & 2 AT D IR B 5%
B TEMRE 7 T ORI ONTE, ERRIVIER ST, LavL, FEiRk kic”
77 MLTeEmn FEMET 7 KB ER T2 & AKEOEMBROIMAIZR Y ~—7F 3

L., ATHERER S D 2 E N TnD, £ I TARIFIETIL, H T AR LI Poly(3-
sulfopropyl methacrylate potassium salt) (PSPMK)~ 7 3 & Perfluorohexylethyltrimethoxysilane (FAS)
DIANBE = EAERL, RAPEMLETTREAZTET L. & 0OMerT IR A R 7 B
(AFM)D & v ' 7 F— R IWTBIET 5, I LT SBATEES &0 L5 RIGIR e Db Hz
BELTWDHER & ED XD ITIRICEAENR & 5 &2 BN T 5,

MEZ —BIHEDTEDIC, MK TED LEXFLTIAL T2 T TAF v 7 vy — L ONBEIZHLY
(T Tze ZDO Y v — LVWNIZHERZ K E LTz, KEHF T, H 7 AHM D poly SPMK brush
EFAS DT A LR Z =0T, 3.6 Wt% DT ¥y Ry N1 KEIKREZ 0.5 pL i F L, #EA#R 5
RO SEATHEINE O ) S 8 2 WA 20> &35 K722 HIZ AFM O % > B2 75— R(AC E— R)IZ
F 0 IBRGBZ TG Lz, BIE L TH LN FIMEEOm‘R & | & %% Figure 11 12, HIES:
4% Table 5 12/~ L7=,

BN D2 ON TE SIS IpoTWe, Fi2, DK 1 em iz & 2 AT
HE S OAITEE T\ e, SEIOERTIEFIMEIOBRZ b & ICHEA A 5 &R AT
W, HENRELS BEEEOL U ATHINEY E ool EEHTRIE CE o
toﬁ%@ﬁ%fﬁ&<\%mﬁﬁ®wﬁﬁ4ykﬁﬁéﬂﬁkb\F@mﬂzmﬁbtoi

. W TARBED HAR D S8 % Figure. 13 2R L72,

48



Bl
i

PR & S B OB

AFM TOSEATHEIED 5 S BITHTE 0 DR 2 IR I o TN D T &332 72D T, AFM O
AT =V EBHIEDLOFELDAEY LA RS-, Figure. 14 [Z/R L7 K 912 5 u [HE
DIANE =0 AT —VIZEE, WFHMEIC L > TR LN, ADNENSDELE 4
[EHREI L B OB HNT=D T, HEEZ RO, AFM OO FE 4 1 [B#5T 50 AEV 72D T 1
AEYT9925um & L7z,

TS T T Poly SPMK brush O & DZAL,

TITAF I —VORNEEICHKTRD LIEX AU A 7250 1T TRIEZEIT- 72D
T, KM D Poly SPMK brush 23, /K4 T L7e < THIAME L7z rlgetED b o 72, K&H
T, WEREOEBRORm EBE, MKTHEL LEXF LIS TE2 TIRXAF 7 x—LD
PBEIZAE O AT 7 dRBE T, IR & i SR 2 JIE L7,

10 4% L7z & Z 1K) 10 nm JAM L7228, 2 O%BRIEIC X 22X R ok o7,
F o THRIBEMET CRIET 2B, 10 0@ L T OEEi F LIEEBBIT 22 &L
77

AFM O & SR LV fuRED PSPMK 7 7 ¥ O @K Z21E 60-70 um T - 7= (Figure. 15),
HOLIEF LU A LD EROBAEIL 10 HRITIT—EIZ/R>TWDT, FLAUATEH
BEIZBE D AHFTnG 10 /ol LT b AKIEAR T Lc, £, RITHROMEL —EIZT5
TeDIZ, KiEZ T LThH 15 5#%ICHIE L Bills L7, Figure. 17 D(a), (b). () TlXZENEN
K OBEMHRE D DAY 15 pm, 270 pm, 420 pm BEN7EALE TRIE 21T o 72, miRZED () TITAY
130 nm, (b)#J 110 nm, () TIEKI 70 nm o7z, T HD T &2 BIEATEIRDTEIRITKTE B
2 XD FHZIR A TG L 7> TV D &35 2 B A (Figure. 18, 19),

3.6. @ TEME T T v OIRBAAFIER L OVT A g A7

TIUBRDDNET A VREEZ T L& APREEIL L O B S LD D MEE L 72 (Figure
20), EAIGICHEITHE ) ~—RIEFTIIOSRFMEZEZ 52 LT, 77 VBEEED 8-83 nm,
7 Z ERMERAY 5 pm /5 pm F721E 10 um/5S pm DT A XX — ALK EERB L, ThER
DOFRMIZBNT, 34 HEFRICAREZ O TRITHEREOMEZRE L, 20 2 BFEH 0K
S HMHE axo 2> HEFM L 7= (Figure 20, 77 37 A VIEA:5um & @: 10 um), F7-. W& O
AURDYD b, ENENORME TH 3.5 T E RARIZHIE U, WO mfE ORISR 28X an &
bo#g U7z (Figure 20, 77 87 A VIRA: 5 um & O: 10 um),

7T VEENERT 513 L R 2 MR IEREOB X axo 13K L. 0.6 RITHHIT L TV
<BMMRD T, —J7, WHOERBOMBE axld, BEESIH KT 2 L L, 0.1 FITHHI LT
WL BfR DT, ZOFBIL. KEXART I UBETHHITE, EIVER Y ITH LT, Sk
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WOREEEL 720 | R OILENGT N 061 EEZ LN, ZOX ) IZtTEEOME &
T OIFAVURD 01X, B OIREARTFE R BT,

—J., TAVRBICERT S & MEEEILT T DT A UE 10 um O FBKE L RO
TRAVRIN Y OREILT A UME 5 pum OFBREVHAABD Hiv7e, L, EffERT A VIR
KIFEDFEFR DT OIZIE, 77 VDOENR LD REWGAETHORETTOLERHDH B2 HILD,

3.7 R ORFEIC 6 D R AF 1

Wi DIRFED B 72 255 OB OZEB 2N L, I ORT v v LT )L X — (TS TR
DN ED X 5 ITHEAFT D D Fiat L7z, Poly(SPMK)~7 7 S//FAS By 1T A X4 —
(5 um/5 pm, 7 7 VIR 83 nm, run No. 126 D)ZERMAIZ, 3.6 wt% 7 > Rl v R 1 KK 0.20
uL. 2.0uL, 10.0 puL, 20.0 uL F721F 30.0 uL TN ZENEFRE L, JeATHEREO MR 2 T L
7= (Figure 21, Table 7).

R IEEE D 1 BRSO E axi 1X, IRIEOERERREVIZERELRD Z LR LN -
oo ZOZEND, BEOE | BEFEITEHORT V¥ ¥ VTR —TIKIFE L, BT ¥ b
TRLF—PREWVTZE, MEPES 2D L LHEHITE D,

52 BeBEDME X axo 13, TR ORFEICHRTE L7V MEAISGE S iz, E O 2 B Lk
DRT VX VERVF—IKIFE L RN EBH LN T, 2 B O EOBRE) /1%

Z YOI =X F—HR Th D LHEETE D, ZDOL EDMEREITT T DIl
R IC L > TIRESND ZENTHTE D,

3.8. Poly(MTAC) 7 7 ¥//Si-OH T A 1738 — ALEHEIZ BT D JcAT OB %2

DT EORENIREZRRNY ~—7 7 221X PolyMTAC) 7 7 > 6 4 CTIL £ 5 D T,
Poly(MTAC)~” 7 //Si-OH (L/S = 5 um/5 um) 7 A /3% — AvRmAERA L 7=, TOREIZE
T HKDMEEBLERT DI, T4 3% — Ak poly(SPMK) 7 7 L K DA & R
FEAARD . 3.6 wt% Acid Red 1 ZKIEHR(2 pL)Z& BEMRERENCATE S €T T U2 REICYA LT,
2.2 wt% methylene blue /KA (2 L) Z R N FHE LTc, £ OHEAIERTUT 2 0 FEMERIZ L 0 8l
22 L7z (Figure 22), /KDMiR L72f oy DI, RO K DIRIC, HUWRE, e, £ L TE
g o 7o, R ORIREZL % 7~ L= (Figure 23), JeA T O M EREREIXR o 0.6 BB L
7o ZOFHUL poly(SPMK) 7 7 ¥ L [RIFRE Th > 7o, ZOREILT 7 V1372 EIK A Si-OH T
DN, BUKMEHS TR TH 256 L FERIC, MR ORELIZIE S, BITHEREZBIE LS
T E NGO, BATHEBEIIRE LTOT T VIR ILN D720, 7T L USOERK
DIV NEEZ BND,
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3.9. Poly(MCP) 7 7 //FAS B4y T T A L3 2 — AV R EIZ BT 5 Sef T oo 22

ZIUE TIZ, poly(3-sulfopropyl methacrylate potassium salt) (poly(SPMK))~7 7 335 & OF poly(2-
(methacryloyloxy)-ethyltrimethylammonium chloride) (poly(MTAC)) 7 7 * Ci&, Jef T3 E LA
WBEHRBAPALNPICRES TS, 220k, WAL AL EY ~—Th 5 poly@-
methacryloyloxyethyl isopropylcholinephosphate) (poly(MCP))~7 7 ¥ DI5E DA T DEIEL 21T
-7z,

(B2 EHARAEE(CVA), BZE8EA (VU E W7 4+ R YV 7T 7 4 — B ORFBE 7
CHNVEAATRPWZ LV, T4 18 5 um/5 pm @ poly(MCP) 7 7 S/ /FAS By 15T A /8% —
> (KM29) % 7% L 72 (Scheme 2), AFM IR S | HZERRAED poly(MCP) 7 7 + OEE X 13 +
3nm CThHotz, ZOEREMAKTIES LIEFLAUALTLELEHIITTAF v I Uy —LWITK
WACEE . T ORETHAK 2.00 pL ZHE L2 1=0s), K OBEARERET T 2 6 R IEmsEE
K ONFIEBET D L. T4 2 37— bz (Figure 24), 7=, HEHILTIRE XS
um FREO FUROMIE AR EICSHEE SNz, Tiud, KlZ2FET 2aN3BlE s hzno
ZEmnb, KEThiHEBZZLND, LL, HITHREZBET LI LT TE otz

Z 2T, HATHBICEND Z 12 LD poly(MCP) 7 7 v O 2 BIE T 5 7= DI, IRiRTT
40 pm OALED AFM RG2S L, 2027 b1 2% 7 2 g 2 (Figure 25(c))/H 7 T VIRE Z D
FRIFAAL 2 E LT, W OBIEIE 13 nm TH o 7203, Atk =188 s TIXPIEIL 24 nm (2
HRLTWE, 20O Z ORRFFEIT Z = 18.2 ¢ 000 T, BRI 0.0501 FlHE - THE
K528 % 7~ LTz (Figure 26(a)), RIZ. > F Lo3—Z kil OBEfR A & 15 S5 J7 I,
890 pm BB SH, BRSO OALE L = 920 pm (TNAE SE72, 2 THIBIRG ) HIFE %K
WHE 20nm Tholo, S HITKHNHEWLE TIE, 28nm TH Y, L<2700 pm TITFLEE
WLV RERBEEZ R LTz, AFMBIENDI O/ 572 L 912, poly(MCP) 7 7 “ K IC
AT AR S 7oy, FBMEE TR T 2720I101E, SHICLRALETH D,
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L OH O CHs o] O CHs
(MeO)3Si(CH,)s0—C—C—Br F0-Si(CHp)s0-C-C—Br
—OH CHs Q CHj;
‘ O CH
FOH 423K, 8 h, under N 0 nore
under -0Si(CH,)s0-C-C—Br
-OH 0 CHj;
Glass
o Q CHs
VUV *8;3'(0*'2)60*0*2;& (MeO)sSi(CH2),CoF 1
_—
Photomask ! 3 373 K, 3 h,
Line/space = under N,
5 um/5 pm ~rOH
180's,20 Pa LI
G
CH,=C
. ¢=0 G &7 on
0 Q G O—(CHa),—N=(CH,),0-P—-O-CH
,8;S|(CH2)6O*C*2;BI' CH; 0 CHj
3 8 MCP 3.32 mol
o)
—O;Si(CHz)z(CF2)5CF3 CuBr 0.188 mmol/Bpy 0.377 mmol

MeOH 2.00 mL, 303 K, 12 h
[

I O QGHs[  CMs ]
FO-Si(CHz)0-C-C—-CH,—C
0 CHA g:an Chs o7 cH,
| O—(CHz)2~N—(CHz),0—P-0-CH
0 CHs O CHg
-O-Si(CHp)5(CF2)sCFs

|
Poly(MCP) brush/ FAS line pattern

Scheme 2. Preparation of the poly(MCP) brush/FAS monolayer line-patterned surface (KM29) by the
CVA method, VUV photolithography technique, and ATRP.

52



3.10. Poly(MPC)~7 7 3//Si-OH T A L 73 H — ALFEHEIZ BT D IAT OB %2
Poly(SPMK) brush O 7y B2 JIET H Z EIXTE R\, T EORENAIERKR Y ~—
t77yf%5PMﬂMHy73v%%uw;PdﬂMHy7?vmunuus=mmwpm)?4yﬁ
S — AbFKEERE LT, ZOREIZET HKOMEZBILET 572012, PSPMK brush 71 >
INZ— AR EOSE L FRRRICIEZ R D, #iK, 3.6 wt% Acid Red 1 KK E721T 2.2 wt%
methylene blue 7KVIE % FbR # 1 ( #iE L 72 (Figure 25), & OFEARMTIT 2 0 FRIMERIC L v 8l
BTz, HIRLV O XZ2@E L CHRIC X VBIET 2 & #EN DK E L T OEEF235780
Sz, UL, taFEZHANTYH PolyMPC) 7 7 NIt 3, /-, MELEATHH--
7o, MEERETLZLIITE o7z,

3.11. e

HIFETIE, TA v F— MR ~—T T2 2R 5 2 LT, KOSEATHEBE O TRk
B L, & OIRERF R OMRNT 21T - 7=, B#ELKPED poly[3-sulfopropyl methacrylate potassium salt]
(poly(SPMK)) 7 7 o L BKMED 7 o {b T /L F /W (FAS) By TR/ DR S D~ A 7 1 A — b
N =B —=DTA L RE = FRAEFHBLL, ZOT TV OIEATF LT I—EHNTH
BIChE LTz, 22, Ty Ry R KBERZFFET 5 & BERRZRBAMER L 0 SMAlo ~
7 VREPHF AN OEAITR DT IOUTFBMENC L FIRICBIE S, ZoREITT T v
IR Z L EZBRL TS, Ko T, FATHESEAIC R > 7ol e LTrfifkans, =
DX YT, FATHER A L CE AL, TV ETA AT H I T, B
BERGROBEN A IR CX /22 L2 KD, 2F Y, BATERIIT 707 T 7 ShizfEkico
BEGHNNE Lz, —F5 . BUKMEHESFREOER IR Sh 2oz, Zhicky, B
(7R BERIR & AT O AFAERIPH 2 RIFRFICBIER T 2 2 L3 TE D L D Itk o Tz,
IKDHEATHNEIL, i 2§58 L2 r=0s 205, EARAZREAERASAE L, RIRpC KO3
Jo b BB DAMAIFEIR LT, 200 & & OMRITHBAE < | MR EHEIIRM O 1.4 Rk
BlLic, ZORERMEEREZRTREL | BHEE & Uiz, &5 340 s BARRT 5 & fif
FOME KT L, B0 0.51 RIZHAFITH LD oT, D& XEHOILRIZT ClgE Ik
LTWAD, KOMIEIIF &R Lz, 20X 91T tx IO kNS 2Rl 2R
W% 2 BER & Lie, 77 VIRE, T4 VIR, IEOERRENR R D55 THBIETH L, 2
B B O RIEEIL T A g X ORI KA ST, RO 0.5 385 0.6 fA L, K
JENRKREL 72H1FE 0.6 BICHHIT 2 Z ERPLNITRoT2, 2O XD ITHATHIEOFEIZ 2
BEEDITIRZRD Z R L E7e o7, THUX, de Gennes O 23MEME T2 Wi\ FR & LR
FIRRRICHY T DB LN, R ~v—T7 7 VRETH ZOFINLEL TWVD I LR S
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%3

iz, WO 4 T TIE, REHRIED K TIE22 S MOIRIKDGE b T OFATHRIL 2 Bepz sy
DIVCHRIET D Z EARAET 2. AR TREBIITH 2 DI%, FERE T /L TIERF# O 0.5 I
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50 pm 50 pm 50 gm

74 pm 71 um

No.40-1 © No.34-2 No.34-1

50 gm

.

®40 pm

No.72-3* No.82

Figure 2. Optical microscopic image of contact lines of water droplet containing Acid Red 1 on
poly(SPMK)/FAS line-patterned glass surfaces.

*AF LT N—TYPERIZT vy Ry K1 CRE LK EZ BB LT,

Table 1. The states of contact lines of water droplet containing Acid Red 1 on poly(SPMK)/FAS line-
patterned glass surfaces.

Distances Thickness,

Run Elongation
Static contact angles, deg from top to nm
No. lengths, pm
valley, nm
Orthogonal Parallel

6.842.5

40-1 74 60.9£1.1 50.1£1.2 20
2N
34-2 (72) 21.7£0.9 22.5%1.3 7 no data
i i
34-1 71 58.9£1.5 46.7+2.1 11 61.8£21.0
72-3 40 61.7£1.4 48.5%1.7 20 12.7£3.0
82 0 6.8+1.9 6.8+0.7 6 15.144.7  PEREEEL
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50 gm 250 ym

No.92-3* No.76-1-1* No.51-2

Figure 3. Optical microscopic image of contact lines of water droplet containing Acid Red 1 on
poly(SPMK)/OH line-patterned glass surfaces.

*RAF LT N—TYEORRIZT >y Ry B 1 CHRE L72KiEZ2 §E Lz,

Table 2. The states of contact lines of water droplet containing Acid Red 1 on poly(SPMK)/OH line-

patterned glass surfaces.

Run States of Distances from top  Thickness,
Static contact angles, deg
No. contact lines to valley, nm nm
Orthogonal Parallel
76-1-1 Serration 6.310.8 8.310.7 87 85.3£3.8
92-3 Serration 4.910.3 4.510.8 25 106.6+11.2
51-2 Smooth 83.614.0 78.512.3 Patterning failed 25.8£10.8
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250 gm

No.52-2

Figure 4. Optical microscopic image of contact lines of water droplet containing Acid Red 1 on

poly(SPMK) non patterned glass surface.

Table 3. The states of contact lines of water droplet containing Acid Red 1 on poly(SPMK) non patterned

glass surface.

Run No. States of contact Static contact Thickness, nm
lines angles, deg

52-2 Smooth <7 52.4+11.6
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50 gm oo 250 pm 250 gm

No.91-1-1 No.92-1 No.77-1

Figure 5. Optical microscopic image of contact lines of water droplet containing Acid Red 1 on
poly(HEMA)/OH line-patterned glass surfaces.

Table 4. The states of contact lines of water droplet containing Acid Red 1 on poly(HEMA)/OH line-

patterned glass surfaces.

Distances from Thickness, nm
States of contact

Run No. Static contact angles, deg top to valley,
lines
nm
Orthogonal Parallel
91-1-1 Serration 47.3+2.2 46.8+1.5 2 1.6+0.2
92-1 Smooth 47.8+0.7 47.0£2.5 30 115.3+7
Patterning

77-1 Smooth

51.0+1.6 49.2+1.5 failed 42.1+3.7
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(a) (b)
0.40 - i 0.4+
0.2+
0.20 - |
S S
N -0.0
0.00F - 0.2+
04+
-0.20 ‘ ‘
0.2 0.25 0.3 4.5
d nm

5 5.5 6

6, deg

Figure 6. Simulation of final height z of the column of liquid in open-capillary channel with the
rectangular section. (a) Dependence on the channel depth and (b) dependence on the contact angle.

250.01
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€ 150.0;
x100.07
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Figure 7.

10 20 30 40 50

Simulation of development of the precursor film
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Plastic dish
Wet paper

- Humidity 86%
~ Acid Red 1

e

100 pm

queous
solution (2 pL)

Poly(SPMK) brush
d)?e¥r(19 metr)lylergz blue Droplet area A Optical microscope:
Placing droplet t=0s BX51 (OLYMPUS).

(d)

Acid Red 1 Objective lens
droplet on

line-patterned

surface

Plastic wra|
Plastic dis
Wet pater Light

Figure 8. (a)—(c) Observation method by optical microscope for precursor film elongation from contact

line of a droplet of 3.6 wt% Acid Red 1 aqueous solution (2.0 pL) on poly(SPMK) brush/ FAS monolayer

(@) (b)

line-patterned surface dyeing with methylene blue. (d) Illustration of side view of the observing condition.
Poly(SPMK) brush
FAS
> Elongation
=} length
X[um] € = =
Sy =1 3
v 9 N

5 5
[—

i Contact IW
Acid Red1 aqueous t=132s 320's 618 s 922's

solution

le—

100 um

—>|

Figure 9. (a) Illustration and (b) optical micrographs of precursor film elongation from contact line of a
droplet of 3.6 wt% Acid Red 1 aqueous solution (2.0 pL) on the line-patterned surface: Poly(SPMK)
brush/ FAS = 10 um/5 pm, brush thickness = 42 nm (run No. 216_1), dyeing with methylene blue. The
observation was conducted in plastic dish on a slide glass at room temperature (293—298 K) under humid

air (humidity: 87%).
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(a) The1st stage The 2nd stage
101 T T T IH < T mrrrrrr T >|103
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Swollen pblymer brush layer

Figure 10. (a) Time evolution of precursor film length X and droplet interface area 4, and (b) the
schematic illustration of each stage of precursor film elongation on the line-patterned surface:
Poly(SPMK) brush/ FAS = 10 um/ 5 pm, brush thickness = 42 nm (run No. 216 1), dyeing with

methylene blue.
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Figure 11. Cross section of poly(SPMK) brush/FAS line-pattern.
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Table 5. Measurement conditions of AFM

&
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Size Line Rate I Gain P Gain Setpoint Drive Ampl. Drive Freq. Phase Shift
No.

(um?) (Hz) (Hz) (mV) V) (kHz) (deg.)
A-F 900.00 1.000 410.0 0.0065 707 0.034 267.877 -52

AFM: Nano Wizard 3 Ultra, JPK Instruments
Cantilever: PPP-NCHAuD-10, spring constant: 23.25 N/m, NANOSENSORS

IR 25°C, 1 38%

60 1 1 1 I 1 1 1
2 4 6 8 10 12 14 16 18

BIE LA > b, EE

Figure 12. Thickness dependency of length from contact line.

L L L L
0 5 10 15 20 25 30
Distance, um

Figure 13. Cross section of Poly SPMK brush / FAS line-pattern in dry condition.
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1985 um

Figure 14. Measure distance of AFM.

| | | R 1 | | |
10 15 20 25 30 20 0 5 10 15 20 25 30

Distance, um Distance, um

o
o -

R \ \ \ \ \ R \ \ \ \
20 0 5 10 15 20 25 30 20 0 5 10 15 20 25 30

Distance, um Distance, um

Figure 15.Cross section of Poly SPMK brush / FAS line-pattern at various places.

64



Table 6. Observation of Poly SPMK brush / FAS line-pattern in various condition.
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Time Hight
No. (min) (nm)
@) @ ®
A Dry 60.957 66.895 73.176
B 10 74.567 77.198 79.533
C 20 74.039 76.307 76.236
D 30 73.411 76.285 75.975

R I I I I I
20 0 5 10 15 20 25 30

Distance, um

Figure 16. Cross section of Poly SPMK brush / FAS line-pattern in dry state.

I I L I L
5 10 15 20 25 30

Distance, pm
(b) o Hm
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O)SO* —
T o

E L L L L L
0 5 10 15 20 25 30

(c) . Distance,m

4 60 e
AWAWAW/
T °r ]

Y I S
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Distance, um

Figure 17. Various cross section of Poly SPMK brush / FAS line-pattern.
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Figure 18. Measuring method by AFM.
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Figure 19. Thickness of precursor film on line-patterned polymer brush.

FEERIRRBDOIRIE 68 + 5 nm, AWMl X = 10 pum DFJE 125 + 5 nm

06 A N o Y— OB ___ 1
T O A
< - A
S 04r .
c A
© [ A ] Brush line width
<02 \\t ° i S5um 10 ym
K ~~~~~~ o A | aX2 A o
""""""" an A O

005—=20 20 ~60 80 100
Brush thickness, nm

Figure 20. Polymer brush thickness dependency and line with dependency of elongation velocity of
precursor film (axz) and spreading velocity of droplet interface area (aa). Precursor film and droplet

interface area were observed using 3.6wt% Acid Red 1 aqueous solution 2.0 pL on poly(SPMK) brush/

FAS line pattern.
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Figure 21. Droplet volume dependency of elongation velocity ax on the line-patterned surface:

Poly(SPMK) brush/ FAS monolayer (= 5 pm/5 pum, brush thickness = 83 nm, run No. 126 1), dyeing with

methylene blue. The observation was conducted in plastic dish on a slide glass at room temperature (20—

25°C) in water vapor (humidity: 87 %).

Table 7. Droplet-volume dependency of slope of elongation length vs. time ax.

Droplet volume, Ist Stage 2nd Stage
Ix *a, S
ne axi axz
0.20 1211 1.0 0.56
2.0 <143 -*b 0.60
10.0 2455 1.6 0.58
20.0 4133 2.3 0.84
30.0 686 5.6 0.61

*a tx: Time of reducing the slope of elongation length vs. time ax = d log(X)/d log(?).

*b No observed.
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Red: PMTAC brush line
T g

o)

2

line extension

Contact Water

5 30 60 90 110
Time from placing the droplet, min

Figure 22. Optical micrograph at the front area of contact line of a droplet of 2.2 wt% methylene
blue water solution (2 pL) after dyeing by 3.6 wt% Acid Red 1water solution on PMTAC
brush/Si-OH line-patterned surface (L/S =5 pm/5 pm) (SH_169 _1).

Bright-field image. Optical microscope: BX51; objective lens: UPlanFI, 40x/0.75 Ph2; digital camera: C-
4040Z0O0OM (OLYMPUS). Observed in plastic dish on a slide glass at room temperature in water vapor
(humidity: 89~95 %).

PMTAC brush/Si-OH line pattern (L/S = 5 ym/5 pm)

300 T 2.5 T T T r
g 250 F ]
3 of .,P"" ] Brush
:g) 200 F q . ® thickness, nm log(X) = alog(f) + b
S < K @ SH169_1 127 nm a=0.58 b=-0.050
2 150} 1 3 15 o 1
s o ® « v ° k) e
@ 100 oo
g pr i 1
& 50 -". L
ok . . . 05 . . . .
0 2000 4000 6000 15 2 2.5 3 3.5 4
Time t, s log(t)

Figure 23. Time evolution of water Elongation on PMTAC brush line-patterned surface (L/S =5
pm/5 pm). (Left) £ — X plot, (right) log(?) - log(X) plot.
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(@ t=810s . _ (b) t=9014 s

Water
droplet

Line direction  Contact line

Figure 24. Optical micrographs of the front area of the water droplet (2 pL) on the poly(MCP) brush and
FAS monolayer line-patterned surface at t = 810 and 9014 s. The observations were carried out at room
temperature under a humid air atmosphere. The line widths of the brush and monolayer were 5 um and 5
um, respectively. The brush thickness in the dry state was 13 nm—36 nm.
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Figure 25. (a) Optical micrograph of the front area of the macroscopic contact line (L = 40 pm) of the
water droplet (2 pL) on the poly(MCP) brush and FAS monolayer line-patterned surface at room
temperature 21 °C under a humid air atmosphere. This image was taken by an inverted optical microscope
equipped on the AFM unit. The line widths of the brush and monolayer were 5 and 5 um, respectively.
The brush thickness in the dry state was 13 nm. (b) AFM topography image and (c) the cross section of
the poly(MCP) in the dry state or at each time ¢ from placing the water droplet. AFM (NanoWizard 3 Ultra
system, JPK Instruments AG) was used in the dynamic force mode with Si cantilever (OMCL-AC200TS-
C3, spring constant: 9 N/m, Olympus Co.).
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Figure 26. (a) Time dependency of the precursor film height on the poly(MCP) brush and FAS monolayer
line-patterned surface (L = 40 um). (b) The height profile of the precursor film along the line-patterned
poly(MCP) brush at a distance L from the contact line of water toward the dry-state brush area (¢ = 6277s).
The height of the precursor film was determined by the cross-sectional AFM profiles scanning in the
orthogonal direction of the line pattern at each position, as shown in the Figure 3(c).

100 pm

Water (2 pL). 3.6 wt% Acid Red 1 sol. (2 pL). 2.2 wt% methylene blue sol.
Phase-difference image. Bright-field image. 2 uL).
Contrast Enhanced. Contrast Enhanced. Phase-difference image.

Figure 27. Optical micrograph image of droplets on PMPC brush/Si-OH line-patterned surface (L/S =
5 pm/5 pm) on glass (SH168 1).
Optical microscope: BX51; objective lens: UPlanFI, 40x/0.75 Ph2; digital camera: C-4040ZO0OM

(OLYMPUS). Observed in plastic dish on a glass slide at room temperature in water vapor.
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4.1. IZTLHIZ

ZZETOETIE, KOEATHEBICESZ Y T, BOTEME 7 72 &7 b7 V%L ES
TWED S T2 DA T A B — U RENEAFKEREFET D L. 77 VR TOKROHEEZ
AITE, TDORELEL2EENORDLZEEZHONT LT, KETIE, A 4 kIR Z 8
Wik E L, TORATHBEOMEZERZ | 5§ 3 B CREINTIKDOATHER E kT 5, Zhic
£V, 2 ODBBEN G2 5 FATHIEO MR OZEL, IRIENR2 > THIETH 5 Dh ki
Do Fio, WRIBROKE S FAMER ORI NR D & JATHIROBEIZER N4 U 50
Do ETo, KOFATHRED 1 Befs BITERH TH 0 | EFRRR B ORIE L AR Th L7
Z O REFIHI N E THEBEN TR, KETIE, EVRIEE RO 2 ik
RO, IIHOREEL X0 RVEE TEITI Y, FERBIREITO) 2 b HEMET S,

A FARIK LT, 100°C LRI A S OBRE CH Y . 20LTAERMOT =4 L7
FAUNORERSND, A A RRITAFEINME, SRtE, ek, EXb L EN 7E
DFFERT Z e D D, xRS NOIER ZHED TWD, A 3 RIRIC X AR
WARRBR ThH D03, T OFEMITHTBE S TV Ry, P OBIFNEN 2 RS 2 &
ZERONLBEHRE LT, SATHENZET HND 29, A 4 L IROSATHIET, ViR BRI
OFETNIA T 2T LIVR AR CERHL T TR SN2 ERSR T NITIRAVAD D 2 L&A, Wang
5 & Beattie HENZEND AFM BN LI O NCENTND, £, ZbAX, v Uar,
FIIREEESR DT U A ¥ —RKMENA A AR D SATH DN EIVRD D13, B eE
PMEEIC L % Huang L OBIEBRHH, 8, LL, RU~—7 7 REITMET 2 TR
DOMEIT R I TR, FFEDA A RIEIEAR Y ~—DOREETH LD ), K ~—T77

NIEDA T AAREF AT 5 Z 03 HE STV D, Han blE, ERREICZ T 7 FSi
RV ZF L7 Ua— VoK ZAF KK 1-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide (EMI-TFSI) (Figure 1)/ & 7= iZ/KFZNZ N THIE L= 19, 35
L AT VHEFTIIAIL VYV U LATF A EMI BARY =F L) a— LD s T 7 NE

WZRALFERIET L7720, R ~—8HITKFTOHRE XV BRI TND Z EAH LT
ol
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Figure 1. Chemical structures of 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (EMI-
TFSI) and N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium bis (trifluoromethanesulfonyl)imide
(DEME-TFSI).

AT EIRIZE S TBE L7=R Y ~—7 7 0%, HlzX, @Mt S/ 2EE 2R
T EPHEINTWD, AU A I F YV T DT FUPFES LT A X 7 VIVIERT
BROR)~—T7 TR L, ZORERMEARIE L2 D, EMI-TFSI T, A I4 VY
U L1 F A G (bearing ionic liquid moieties) N U ~—7 T D EEEIREIT poly(n-hexyl
methacrylate) 7 7 > D 2051F EITIK T Lz,

VeI H1E. N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium bis(trifluoromethanesulfonyl)imide
(DEME-TFSI) (Figure )ZMEAIE LT, M FELD7T vy 74 ) o FEERBR AT - 72 12,
ZORMEIZKRV(AZ T VIEERATF V) (polyMMA) T T2 %757 v hHE, TITVNA A
AR CRABT 2720, BEEREUT 0.005 ~& RIFIIKT L, EARM A BEEMERT 5 2 &3
%éhtoit%ﬁ%ﬁ@%ﬁﬁmowf%JMMEWQ%;@EMWMU%DWMMMM
77 ORI BEMBIAFM)RIEIZ L0 @ STV D B, B OEERER S 2R Y ~—
TIUTHWE LA T RIETIAE S E 5 & ARBEEMEZ T Tide <, T A — AR BT 5
ZELHALIZE > TRENTND 9,

—J7 Li bIE, ZHLVERECR Y (tert-7F N T2V L—NT TV %2 T7T77 KL, A A ViEIK%E
KBNS BET D EAT AR LT 19, R Y ~—7 5 3 OIS % 88 B TSR AU 2 5%
THIET, KRERFFL, A A4 RIKEZRT 5 0BEE TR S 7z, Chang HIFR Y ~—7
7 VORI ENECE B L, A A RIS 2R e 2 b3 2 K &2 FR Uiz 19, RIS
EME ORIV (T 2= AT AZ 7Y b— MNBLOBIRMEO =7 Fa T 2L R 2
R T R TT N LTEMIMEEIZBWTA A AARIROER AL, 20 °C TiX 10°TH S
23, 100 °C Tl 1281 AIFIZHY K L 7=,

RV~ —=T T2 %777 LI 03A U BIETPTED LIS FE I DOMNTHONT
HEkx IR DMT O TN D, Yun HId, HER L —V — EETMETEILE & SBH a0
ENZED polyMMA)Z T 7 k3 U KL 1034 A IR T IcFmaigidEnan A R
FEEAER T 5 a®E L), Eio, R LIL, BV ~—7 T AEMMKL T & RISEED A
A RTINS, 2 0 B OS2 10N X BREELE (USAXS) 12 & 0 BB A7
Hr L7z 19, 7' BRI T ORREDHEINT D122k, & ORI 2208, SNTRET
W, 2 L CHELN T ~EZET D 2 ERA LN 5T, R ~—7 T SRR T DREREIC

74



CE

FEEHLEMEE LT, RUI(TTINRAZ IV L—NT TV %5 T T 7 ML A 4K
KZ2F L7 4 RPN L7z Seymour B DOBIRZETF S5 19, WTAEIE, HEME (A E R
EHBT L EEEME LT, R ~—T T V%7 T 7 b LIEMRL 1% A A RIS %
MBEIZOVTHRBRF STV D, NEDIZ, MMA AT LU OEAKE ST 7 M LT=v Y

AWRL T2 % Z LT, RY ZAF L~ U w7 A& DEME-TFSI OFHyBlttiE 2 il 8 © &
HZEERIHLIE, 72, poly(f YT T AX 7 U L— K (PIBMA)Y 7 v CEffi S Lz v
UKL T-1Z, PIBMA ~ b VU w7 X & A A RAFEO T IRER SR LT T - T H A2 B
AL, EEEBEEZ R SE D Z L boREn D, Zhb oL, R ~—7 T AEHiK
BFRRY v—~ b w7 A/ F AR REIZWE U WA B L 7S L ESE D 2
LTI END EEZ X B,

A A R D FEA TR & K D JEATHIE D LR Tl T OREE L R OFEUCEH 35,
de Gennes DHGFHET /L TRIBIN TN D K 91T, FATHIEOTHRIVAL O 28 TR DKM
BIFT 22, ZOFTATIEVY VRO X 5B TH— 2B EREICBIT DIRILLNY
NEEINTND, KE » I2EBT5 L. de Gennes DFEFHTT /L Tld, ROX D@D 1 BfEH
D TENY SEAT MRS O & ) 2R AFAEFEBE Xp a0 13 I SCELBIT 2

54 1 Equation 1
d == quation
P Nex ny

T T S ITAEBREREL. A 1T v — R v IZEAR A AR O RITERE . n XMERTH D,
A F R EMI-TFSI OB pevirest 14 31 mPars T 0 23, KOKE puaer 15 1.0 mPa's T 5
(A AR, KEBIZ20°C D LX), 1 BHEEND 2 BEE~BY LD L & OMEREN
Xoad THY | A A EIEEKRENENDOLE D Xpaa Z LEET 5 2 & T, OKE 5 MO ELELK
S, AB IOy OKR/NEMRE#RT D, . 2 BB B OB A TR O FAE R
0.5 RIZKIBIT 5,

A4 s

pdt Tyl7 !

3 Equation 2

ZIT hEETHEDOE S Th D, 3 E TR LK D12, AT R BB A R
LT 7 7 7127 vy b9 2 L ZOERIEROU R ITHRE(A/Ganh) Th D, A A
AR & RENZEIND X ar DITRNEARDEI T N ZNENDIERD n 55 2 LI DHIETH D
RERCE

F7-. Equation 2 ORFFIDOFEIL, WMEOFIIC LV B2 02 RiT 2, HnlTbhbs
Equation 2 Cl&, FIOFEEIZ—EDME 0.5 ThH-o7-, Lo L. poly(SPMK)7 7 L ZK i TDK
DFATHERETIT, 2 Bl B DA TR BEE T X oc 06 L RE . FERIOFEKIT 0.6 THoT2, =
DIEIEARY ~—7 7 VORI, 7 A g L O O REEIZKTT L2 ho 72, F 72, poly(MTAC)
TIUREOEAE L, MHOFEKIL 0.6 Tholo, R ~—7 7RI TOFREE 0.6 1%, Hin

75



CE

TTNOFEK 0S5 LOVNKEL, ZOHBIFAY ~—7 7 U RE CTEABIEKZ T Tk 7
T OKFPEE ] L 7o TNWDINHTH D EBZBID, 77 IO A A MEEREEA K
WCHINIZEKIELKFRILE S ET 57D, 77 RNICRETHEED TN, 77 VR ENERmIZ
BT 2HELY KEL 2D, 22T, RU~—T T vRERDL T —THIEK BEOT-OIC
FAWDHAR) OFRHN R D L& Th > THRHORET 0.6 Z—ETH L D0, KB E-
Nic, HERET/VTIERED 05 TH LR, KT LR ~—7F v RIETIL 0.6 Tho/o Xk

DN, TORBATIN 7 L ERER & OHBE/ER ORI IV R EEZBND, A4
WKL, B TFA MO T T =F MDD E D, BIFETH V2 poly(SPMK) 7
T OMBITIE, T=F LMD ANVRBENFEAE L TWD, Lo T, A A VHKIKD T FF4
P4y ¥ & poly(SPMK) 7 7 & D ALk R T =4 v L ORNCEEMBEAER (f 4 > WA EIER)
BAEC, BINIBNEL D, —H. Ky FIXEMERTZ/Rv, Ll 2 TFHNOETN LY ERE
PEEE DR EWVEREFR IR Y . WIKERCITIEE T DR V0IRREIZ 2 D R LT b, 20
£ DK T TNICEBR O Y & b DR T H DT, Bl A FHAEERICE -
TANVKRUEET =4 N5 & T OND, OB -OBEMITTHN =D, /K E poly(SPMK) & D
BRGA-A A AAHEAERIE, A A BIHEEER X0 /NS5 U RIZE 220, IS, A 4K
B IR TRV R v—T7 T VB A A RIEEERT 2, 2O X1, &ES T &
7T EOMAEERORE ISNRRD & FEORMPENT D L TIRIND,

E ZTCARMZETIL, KEA A REENENDFTATE RN AR Y ~—7 7 S REITTRIVLAN D
ZAE) AL, WMEOLHER EHESRZHONICT D, £, KU ~—7 7 K CHhITEE
ETRT DIARDAKIZT CTIEEN &V SEEER S 5 Z & bIRGET 5. BiIOH 3 ETIIAKDk
TN T A LR E— AR Y ~—7 7 U RENRAVLD D 2B O AT T 1EZ R~ 72 29, 5
T E T EME D poly(3-sulfopropyl methacrylate potassium salt) (poly(SPMK)) 7 7 - & itk
D [2-(perfluorohexyl)ethyl]- trimethoxysilane (FAS)H.453 1 [5(Figure 2) D SEIK S ELS L 727 A /%
H—rREERYT D, WRIC, TATHERE LT 27200 R Y ~—7 7 UEIRE AL, 2
DRENIKOWE & FHET Do & ORI 2 N FIMEEIC LV BT 5 &0 SEATEBEN AR
U~—=TF3DF A4 Np > TRIVANR DR LT E 5, AN, @lS-33 °C o1 %
VRIS EMI-TFSIPYO%54 b Bl L, 2N E N D SATHIRDRAVAD 2 5B & Rt 5, A A
VHRIRIFOKR K0 @k EE b o7, K E HE U CTRTHERO RN ELS 70 b & TS D,
Flo, A FUREIIAERE A T~ T 2D, L0 RHMOBIEZITS 2L &9 5,

42. TA L RB =LA Y v —T 7 S RENIBIT DA A RO AT OB 52

S B TEMRE T T VBRI T A /88— U RENCE T B A THE iR 0w
(ZKXT 27T UKL L 77 T A UIRIKFE AR LTe, 77 VREEDY 8-83 nm, 7
Z UERMERAS 5 um /5 um F721E 10 pm/5 um DO T A LR E — AR I AT L, SATERL O
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FEOBEEITY, T2, WHOERBEIEKTFEEZ BT 5, 610, R, MEABIET 5729
BT ORI HIREE TIIAR LAWA FURIRIC Lz & X OMEXRE 2 RET 5,

L SSENE Y

(M 1-=F N3 AFNA IZY VTN EA(R) TAFBRAL S ZR=)A IR
(EMI-TFSI)
AR AR CRAUEER T3, > 98%) MR THH L7c, NoRHR D7 1 —7 Ry 7 AT,
mL A TR E UAER Lie, 2O 7 UL 30mL A7 U 2 —F % v 7T AN
TV Y BTN EIRE Lz,

B L RER
EWRMEABET LD, T4 0% = REITA 4 A %Z#E LT, Poly(SPMK)
brush/FAS line pattern (10 pm/5 pm, 7 7 VIEE 39 nm, SH166_1) (Figure 2a)ZK (2 2.2 wt%
methylene blue (Figure 1¢)/KIAE#R(100 pL)Z 10 s fHESHHZ LT 7 Uz FRICHREG L, Hl
KTHE Uiz, ZOHEME S AT ¥ v 7 &RV ESRICEBARE Lz, RS iz L Tn
HZEEMERL, ZOEREBER 4 mm x @S 135 mm ST AF v 7 v — LNIZKFIS
Wz, 2OV — L ERFBEMBEDO AT — DITERE LT, ERERICA A IR 1-=F/1-3- 24
FNAAIZS YT L EX(F ZAFn R E AR =)A 2 REMI-TFSI) (Figure 2b) 2.0 pL
ZuL~vA 7 n Xy hEANWTHESEE, 20O E2FM=0s & Lz, ZRORNLED
LAY ORANEN T2DIL, XL R vy —LVOEMEY T T v I TSI,

(@) (b)

% CHs o\/ NQS% w\/j/
CHy— + Si—0-Si~(CHz) ~(CF2)sCFs
: Oy,

o\
OH HN c —CH3
Acid Red 1

so?NglD

O—(CHy) 3803K

Poly(SPMK) brush , FAS monolayer ©
c

=

g5y

CHa. e o CHa
éH3 CCP éHa

Methylene blue

(d) @CH,

[Nﬂ CF;—$-N-§—CF,
CH,CHs

1-Ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide
(EMI-TFSI)

Figure 2. (a) [llustration of poly(SPMK) brush/FAS line pattern. Chemical structures of (b) 1-ethyl-3-
methylimidazolium bis(trifluoromethanesulfonyl)imide (EMI-TFSI), and (c) Methylene blue.

Z OARMEMEATT 2 e BRMEE TR L — B 2 LIS b EG 2 iR Lo, g0 &=
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IZBAPREE ORI 2 V8T UTe, WRIED 7 7 U EITF B Th o7z, A A U HRIEMf R L 7= &iPH
T | Z ORI Z R RIERE X & U CHIE L7z (Figure 3, 2% & L CTK & DLk % Figure
412~ LT0),

A I EIREMI-TES DA & el d™ 5 Z L &2 B L L, KOS T IO 8122(2019/09/17) %
1To7-. % 3 TEDOBIEL & FAEIC Poly(3-sulfopropyl methacrylate potassium salt) (poly(SPMK))~ &
< /perfluorohexylethyltrimethoxysilane (FAS)HL.orF-E 5725 T A /X Z — U RiE(T A Vi 10
um/5 pm, 77 VR 39 nm, SH166 1) (Figure 4a)ll 2.2 wt% A F L > 7 /L — /KR (200 pl)%
10 s T35 S, Z0%, WK TES L7 07 — TS, ZOXRBEIC 3.6 wi%7 ¥ v K
Ly R 1 KB 2.0 uL O %2 20 pL ~A 7 2 Xy hEHWTHERIET, 0L &K
filt=0s & L7z,

W57 7 7 Figure 5 12 /KO SATHB(ELEZE B 2019/09/17) O fifi & FEEE X (A)F X O EMI-TFSI
DA (@) & B 126 LT Lz, EMI-TFSI O T IEOE EEE O G & 2 FE(r=1.8
x 100 )M BAHZ WA Lz, ZOZEE)IKE B TH -7, EMI-TFSI OSEATHIE S 2 BepEic
SIPIVTHRERT 2 Z E B L IR0l ED 1 BREE OMEZEEITRM X = (2.9 x 107) ¢ 08!
TR I (Table 1), FH, I E HITKDGHE LV /S < EMI-TFSI OJeATHEIEIZKE D &
INSTRRETHIET D Z LOVRE N, 2BBEHIZS OB/ NS R, X=2.11921TFK
ENTz, ZOXIIHREDNNE L o DX, 1 BB H OREITREE OW BT B L, 2 B
B ORBUTKEE D%k D 0.5 FIZHBIT 5720 TH D, REUCITHELAMC S, RIEOILIER
BOFTATHEROBERER S D0, BEICKREIKFELIZEEZ DD, —H., 2 BEBAD
FHIIKTIX 0.66, EMI-TFSI Tl 021 Th o7, EFHET /L TIXEHD 0.5 THH N, ik
WZED ZOFRBIIENT D EDBP LN oTz, ZHUIKRY v—T7 F ¥ LIRS T O AAE
RABEboTWbEEXBND, WTFALThHD EMI LRV ~—T T DANK BT =F
Y EDRNIE, A A A A UHAEERICEVBOHEERANELD EEBEZOND, —J7, KD
T ERANVKR BT =F v L ORI, B4 A MAEERPNELC DR, ZhiX, A4 v-A
FUFAER L VNN TH S, ZOMEIEROKR/NEREZRET 572012, ROHER TIXH
FENBIEEIZ L0 EMI £ 713K EFHEAERH LTV 5 SPM B O =R X —%5tHT 5 & &
L7, E7o, FATEBEORREENEMICBIE SN2 LT, Z20HHITS FE7EA D
Lo e Zo®%IZ 2 RIOEM AR H Y | 2 EHOEMKOFE TEREZ 2T T2l &R
HENZRoTe, 20X lifEIn P27 4 7 2B EE VD L 1 SOBET2 >0
B aRBT L LN TE D,

43. ANVKRUEEIE LK T EIFA XY VU LA T AL & OMEER O R
Poly(3-sulfopropyionyl methacrylate potassium salt) (poly(SPMK))~7 7 “ R IZIBV T, KDIEIT
TR R & 72 BE CIRALA DY U | 1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide
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(EMI-TFSD) D JeA T &L 0 /N S 70l BE CIRAVIR S o 7o, ZDOBRHIE, EMI-TESI O A X &> Y
7 I H1 F A (EMI) & poly(SPMK) 7 5 & D Z )Lk LR T =7 2 & ORI ALAEH 258 < 7>
LThHhDEBLEIND,

5 Ialb—3 a3 Y7 |k Materials Studio # FHWC, SPM == bk, EMI*, 3L UVK5;
TENENOE NI ERGR(DFTIC 35 < HiiE b FHH (DMol3, geometry optimization) %17
- 7= (Figure 6); 2D & XD SPM = DRI R /X —%Z KD, Espm & B2, IKIT, SPM™
DANVKRUBRT =45 4 A BENT-ALEIC EMI 2 B &, & 5 7 )2 MD)IZ FES WV
R TE TN & 1S % FH5 L 72 (Forcite, geometry optimization), #i\ T DFT (285 &, ik
i {LFH A (DMol3, geometry optimization) 1T > 72, 1 ==~ h® SPM & 1 43 EMI'A A7
% R DA T RN X —% Espvimi & B E | Espm- & D72 AEspy-evn 2 U0 72,

AEspm—-emi- = Espv—-emrs — Espm- = —1.50 x 10715 ]
SPM [T EMI" & OFHEAEMIZ LY . AEspm—pmir = —1.50 x 1075 J ZE LT Z LARD BTz,
Z D AEspm—pms D ENEH = XL F—TH 5 L EZ BN D, KDOGE S EMITE FIELIZ, MD (2
$55 < # % (Forcite, geometry optimization), DFT 2 53 < #1& fe (L 7 % (DMol3, geometry
optimization) 17 >72, SPM & 1 53 F DKM D RDBIMNTRILF —% EspM--water & 1B X |
Espm-& D72 AEspM-—water 22 L2 72,

AEspM- water = EspM-—- water — Espm- = —0.33 x 10715 ]
SPM™ &K & DR AAFH = RV F —AEspM-—-water+ & AEspm—emi+ & BT 5 & | AEspm—pmi+ DA 6HE
DFIFHRREL, SPM & EMITE OFHEAEHDIE D 2358V 2 & AFHR STz, EMI-TFSI 287 7 &
JE IS B & & EMITS AL VD DRV AR 2520 . ZAVASKETERRPT CREPEEER)
HH 2570, KOGELVIEBOREMETT2LE26N0D, ZOEZXIT, 77V L7m
— 7 WRIR(OK &£ 721F EMI-TFSI) & OFHAAEH 2358 \E EWRBEFREEDO R U ~—7 7 32 E
L. FEATHERBEORAIVAN D BNEHITE & 5 & § 2 GRIZITTET 5,

F 72 SPM™ & EMIOFHEAERN, EIZA A v -A A UHHEERICE Db DO THL EEZD L,
AF AT AAENEADO TRV X—(7 — 1 VRT3V ¥ VTR VX —) Vsoz—pm LR D D
EORODZENTES, SPM & EMI'ZZH 1 mol D DT /L F—[3-163 kI mol!, %
NENH 1 53 FOSEITHETIUZ, 2.70x10°] Th L LR ST,

_ dso, " Tenr

4reN , -(rS o T

SO, —EMI*

=-163 kJ-mol

i
ZIZTIEH, AVKRUBET =F e A I XY T LT H L OEMEE T gsos- = gemr = 1.60 X
10°C, MERz=3.14, FERe=885x 1012J1C2m ! (BLERLHRAQRLE), TARL K
Na=6.02 x 1083 mol™', A/NKRUEET =42 DA F 4L rsos- = 0300 nm B LA 2 &Y
U LI FFA DA F L g = 0.550 nm A N2, —TJ7, SPMTE K E ORITIEA A -
MAHEMERBAELD EEX D &, ZOMHASEHDO TR F —Vsoswater [FIRDF DLV KD
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HZEMTE D, SPM EKZENZEIL 1 mol DE]D=Z F/LF—1F-27.6 kI'mol!, ZNEIN 1
ST DOEAICTHETIIE, 4.58x1020] Thd LHEH I,
qSO3' '/uwater COS@

SO, —watre =T 2
. 4reN , -(rsos_ +7 )

=-27.6 kJ-mol’

ater

ZIZTlE, KOBABTE—RA L b fyarer =6.17 x 10730 C-m, sLFEAT SPM™ & 7K O W1 — A
YERWRRTAE O =00, BROKGFEERE B2 LT L & DR ryaer = 0.14 nm & W72, 47
T ab—a LD RO F —AEspm—-emi 3 K O AEspr—water 1. FHAEAEH 2 R E
LA L 72 = R = Vs03-water 3 K Y Vsoz—-emir & D AT — /L3 10 ERERIETH 7228, b
Z % & AEspm—imi+ / AEspM-water =4.5. Vespm—emi+ / Vepr-water =5.9 TH D IEVMETH o7, ZD
FERVDELTH LN, ABRELZETRD D,

RV ~—T7F MUIEHOEREEN ED L HNOKRFIKIZHEHENT, ANVFRUVBENED L ST
KFILTONDDNEH ST D202, BhRERZ .0 & UCHRE (KD T FET DR
B R Cdo DB BERFD) 2 k72, 73 F v alb—3 a3 Y 7 b Materials Studio
% Fv T, 3-sulfopropyionyl methacrylate potassium salt) (poly(SPMK))DE / v —=2=v k, B L&
UK 1 43 Ik U C 2 B P BI 3 B 5 (DFT) 1 B -5 < % 1 fie i {b &1 55 (DMol3, geometry
optimization) 1T > 7=, JAMIEER R4 & D8 FPIZIK 500 431 & 1 -2 SPMK == k% fd
& L. DFT (233 < #id i b i 5 (DMol3, geometry optimization) Z 17 - 7=, ¥IZ, & #EY5y+
FIFHMDWCEESN T, KD TR ED K D 7l E T ED I NSER Y 2 00, /T 1R %
1T - 7= (Forcite, geometry optimization) (Figure 7)

SPMK DR 72 b &K T ORI 1 £ TOHEMEZ r L3258, r=3A 700 4A OHiPH
(2 glem’ ok T RATNZKFIE. r=4 A5 6.5 A OFPFAICEE 1.2 g/lem® &2/~ 3 KFIJE
DFAE L7=(Figure 8), r=10 A LIBECTITEIE 1 glem® TEDH Y, MKk EREDEETH -T2,
4t . RFD QA RD D Z &L TENENDOKFBICE ENDHKGFORERD D, £, K
O3 DNV RN A G D T & CHEERE A SR %, KAy F ORI VIS A A A 1-ethyl-
3-methylimidazolium bis(trifluoromethanesulfonyl)imide (EMI-TFSI) O34 THEE 21TV, K&
EMI-TFSI @ RFD & HEHARE 2 ARG A%, UL, EMI-TFSI 23 T2 8& 7 I A
D& REEOBE X /NS e DN A U0, MU T T R k2 8 E T 5 LN
H D,

4.4, =RV —HEROBL B O JATEIED 28 D5 52

2 B LT THRATHIROME] B RO TERMZREEORIVUANR Y | % BEf T T5%
L 7= (Figure 9), fEDOFEIL, 53 ETHHLIZED | 2 DOBEBIIX G TE I, MEDHE 1
Beflt an=3 2" L, ZNLBEL D b HEWIERE L, ZoWBO—IZ, ERNREIEI G
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NIRRTV HHIH & B> T, —J7, MROE 2 BFETIR, K OILRPMF I L72% T
BHHITHRD HT, HE aw=0.6 DFVEE TRE LFHT 7,

2O XD IR OHENREGH N E < 22 2 EBE, O R X —BOROBLEN D LT
DY IZE 2 B D (Figure 10), WM ITEREE AT, € OE LD K E E TOEMIIRRT 2R
TUVXY VRN —(LETRNLVT ) TWVD, ZORT Uy /LT R — 0Nk X
N5HZET, MNHENETL, TR AX—BELEINTNDIFE, K&l CHENSE
BT 5 EMET D, MEDE 1 BEFETIE, B LIEEZTHLINLRT V¥ ¥ LR F—)
ZLFEINTWD, LoT, MEIFIKEREETHRET D, L, TOH, ZOZRLF—
(T, EARA 2R OPEIRICRE S i A B = p X — DB L WEGER) Sh D, ZomEn
BB D% DFEATHR DR RIZIARIUIKRE R AT =L Th L6, Z 2 TR L Fio
TWERTF U % LR L X —DEL TR EIN 5,

ZOHIT, RSN ABORT Uy LRV —EERER S LT, MENREEST L LI
5, TOLERT VI VT RAX—TH 1 BB LEXTORIR>T0nDS, KoT, ik
DB 1 BEFEL D /NS b B OND, Z ORFILIFEDE 2 BePEIZ IR T 2,

B2 BBETTIE, R RAICES RV RO bHEE L, ZOBEB L =X —Hukiz LY
KT VERLX—DHE SN N HHMENETT 20 LHITE 5,

RN ~—=T7 T DBEDOTFNF—HIRITFHETH Y 4 FOBILNRIFHIE E 5, 1 DI,
EAINRGG L AT REEAT RV F =D TH L, 27 L R ~—T T v OHFAEIT,
FATHIEDM R T D &, TR ) ~—7 7 - HR S b K-~ D@ & #b v | [T
D, ZOREOEHEN, RHHHATZ ALY —OBERIT, 2 2HIZ, REAHAZRLE—
DELLIMNC Y, 7T v EBEB(Z OBAITRMEETEZLICLY, BREZ UV ELVE—E1L
NEE, ZHICERL Tmx ¥ — inilE 5, 3 2HIC, 77 0arii—ia 21k
IZED, Bl hr =B EL D0 R VXF— BN EX S, 612, 4 DHIE, 7
TVDMEEENHED 5 & Lic & XA L 20 THBETHY | KO THNT T Vb Dk
PEIRFLOB R T H =RV F =R TH D, ZNHIZEY, BT Uy LR F =R % ITTH
I, MEHENELS 2D LHRTX D,

HZ ao®D 1 ELFD apld, MRITEENNSLS ARV R2BO G, fHEL WD ZEEEKRLT
W5, ZORBEOBHIZLLTOMWYICEZ O D, FATHENRE L, TO#EMO T T 03
W58, 77 VHOMICKNEET 5, ZHUckh, 7T VBRSNS, ot
e E—OHEEPED 72D IEOTINF—RNBRIND, Lo T, MROEEN, hERR
EITT2I3EE D EEZOND,

2RF. MR OPLERIME LT DR 4 S EHEIV NS < 7R DR s 12, SERIC—B L2 h
-7,

No.216 1 DA, ta=153s, tx=370s TH Y, tx 1TtaD217s B Th o7z, 1INPDTA
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PRE =BT h . i 1T D 162 s BIND 421 s 6 Thh o7, BENFEET HRA L LT,
BHMOEEOFRAE, FITRE, BEOENIET OND, HD VL, REOIEIMEL LT,
UL S FEM D T o 7ok, MR OEENSREFGIHD T 28R0%, MBI ThH DL & b ARt
%o SATHEOMEIX, BERMNREMROFE, R ~—7 7 voih, BB L > TRE
SNDFHRIEICHD LBEZOND, HREHGIE, 1T UOH | BPEDO KR 7ol O AR RE
o TWD, ZD& X, NERMOIREDOIFIEITHE S | BRI 2SR OREDT IR NEZ D
&L TN RIMBRAMRRIEOE L LT, MRBEBIENEZEZ 5, ZORBIISTT, Mk
XTI PHRIRRE IR D L E R H D, Ll R ~—T T U358 | B EHLIRREZ R &
EL, EOEETKERILE S £95, 2070, ROFERRE~DOBATICHRE DS LB -
D TR EHEETE D,

F 2R, W OPLGR &R O RNERGE R BRI T EEOBEA N E ©E R D D08, T DR
FERNEZZ TS, e b, 8 52 HTHRIRT D L 512, IRHOERBEAREWIZE,
BePE DR an BPREL 2D ERBRIRIVAN Y & SEATHEIEO M R B3 R~ Sz
Mo TH D,

4.5. — AR EIARR 31T 2 e TG L OVEEBIG L DR

Poly(SPMK)~7 7 “//FAS T A L /34— RENZIT D ATHEEOMEIL, — M FE AR
ICBTDHATHIR i LT e &, EDOX S REVRH L NELE LT, — IR ERE
31T 2 PERAY 22 JeA TR O i R IR x (ZLL T O NTR SN D 2

0.5
( ; j
X = t
3nh 3)

ZITIEAFAY IR ol ZMEE g TRIROREE . W I TEATHEIROE S Th 5, K2
TRINDHEY | — AR EARE R TlX, x o< (% OBfRN S 5, — 75 Poly(SPMK)~7 7 *//FAS
TA U RE—URETIE, X o (COBENR D o7, WHFDOFREOE DL, DT 0.1 DAHT
HY, MEFTLNRETHD E—AARED, LiL, Figure 11II7RT K912, B 1=10%s

WHMET DL X o (O TIEX=1100pum THDHDIZKF L, X o (OS5 TiEX=330pum &, iz
FIZIX 7T0%DMEXIFEENE T D, Lo T, ZORMEITHIT 2 HATHROFERIL, — 722 E K
K EXRRDZEBHALNIR ST, ZOXICTA N E—MbR ) ~—T T DA,
L0 B IATHBE AR 2HEAIT., K ~—T7 T V03 AH ST 2%, 2% T4 08
B = DR THDLEBZ LD,

Flo, MO TEMRET T2 DTA4 L 3E— BT MR, WHERMFEL T R TEE
BIGLHEPLTWD, LaL, BEBRR CIHRIERIIHBRICEBAT 228, —FH, FA 08—
R CIIEARIIR Y TEME T 7 VHOMICRE L, 77 VB ST, Z0@Enb, 7
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11t

A UNE = RETOBRKRDOMRIZEERR L ITR R 55T E R T LBETE D,

TA NG = AURY) ~—T 7 VREIBT D EATHERIL, 2 BEIC TR L, 2
DI A BLET D701, Wl ¢ CHEHMEX 2R TET7ARXEER L, WMixths 7 7127 m
> b L7=(Figure 12),

X =k~ [Awexp(—t/T)]’ 4)

ZORUT, WMREEIR O RRIIHIT D3, BRIIS CRE ORI EZZ T 5 Z L 5K
LTW%, ZOEFUT EM A TR T 5 BRI DIE e DREF Adoexp(-tn) % H LIZ LTV D,
I T, Aol t=00 OFOIREE, TIIEFEMEZLR T, ZOXDLHIZ, 2 20HBRHY, )7
WIERIEINHOADIETH D & BESNIMERR L RRRIBEE OLI1RH 57 v F&fED,

S%LETNROBES/NT A—FDOEREELZL TN,

4.6. REVEEEERIC K D = 3L X — R
WRIRISTEAVIE DS 5 BEO MM RS & 5 = L F— iR 3 (3R R TRl S n 5,

Temperature, T

TS Idxjn( j adz Entropy, S
dz Viscosity, n
Spreading Velocity, v

TA B — AEy FRERE T T U REOYA L, Figure 13 OV I xyz iz ET D
ELIRNE 3 EFICTHTENTE D, DFEV, x HFMOKDME, y HFRIOT A ig~D
WIWEDBY, 2z HMO7 7O THD, ZOMBREZRNNTETZ LN TE S,

TS-[[[n ( j dzdydx+jjjn[dv(Zr]dzdydx+jjjn[ (2 i]dzdydx

xyz Xy z Xyz
RN T DATOKDE T HLE TRV —IE, xyz D 3 Ao SEE SN D, o
T BEEPNNS L FA VIEPHNEEMREBRNARE SR ZENTRTES, Ll K
JEIS U THEEREIME T Lol 2 &b, ZoMmEEMICHEAT L, LiXTEins
LML Mo T,

47 RV ~—7F L OIEHICET 555

RN ~—=7 7 ORI, WL EaFOIRGT Y hu B —21t ASnix HIRDIZET &
PAIRICLE D TERE = > b 1 B — 2 (W AScont FERDMIERIG S OEI Y BN & L THfES LD,
513 ASmix & AScont ZIRDATHE LT,

AS . =—k {% In(@¢) +(1-¢@)In(1- ¢)}
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11t

A8, =~ (] e oY
BN ||\ bN 6 x°

T kIR = UE ¢ IFARY v —OERESE, LIZT T UBRE, NiZE 7 A M
bixE 7 Ay bR, x 137 7 VHHOMRESCH S, 72, deGennes H 13 Flory-Huggins O FE
IS E 7T VOBV EEI = R L X —Fix & BPET RV X —Fa 384T 2 LB L
722,

2

LD
ﬂm:kT'a3'%JM%)
2 2
F;,l :kTi L_2_|_R_02
2\ ’RPTL

Z 2T, DIET T v OREAE RSN S HEBARNE COMRRE, TITHHEE, o 13T/ ~— K/, ¢
IRV~ —DEESHE, R=N"a ThHod, 77 VPIAET 272D DOT R NF—1X, Fuix & Fa
DfMELTERTZENTE D,

F=F, +F,

R ~—T 7O EHRT DB 2 DOEHOEV GEWNIERT D818V T, 45
& deGennes OFGHITILEAL TV D, L L, ASmix & Fuix/Ty ASeont & Fof/T % Z T HUIHLT
HE, REMETHRERENERY, 2, KO LEL->TWDS, 20X, 77Ol
HOHGwmII—B 2/ THWRWEREH L, ZnboRTEEND, BT AV MR b, £/~ —
A8 a 1M X HGLIC K > TEAIT D Z N TE D099, 75 2 OIEE & B 72872813
ITHhIL TV,

ZFIT,AMRETIHEI ALV FREIPBEIOE ) ~— (i a D7 T NIMT 5 L SO 3L
X —ECKT T DR E BT T D, a &L b BWALLRE I —NbRDPI~v—T T VDOFR
HIZHBWT, FATHEOEIVAN Y ZBE L, IHOT R VX =03 B SN D ZEE & ASmi
ASeont FE T2 Frnixs Fa & OB ZHRT 5.

4.8. KRR —ZHRT SH7-0DFHEE L COKRAHEERDIRSE

AT A = XX — R OBLE NS E 25 LT, R ~—T7 T VoK=L XL E—%
{ba RO DD B D, KT R F—DRE SITBKMAKRMD & b /NS < AKRFREGPEAF,
AF RO KRENEZZ BND, K FOMNG TRV —HihEEZ L L, KT
X —=PREWVNIE VX —HRDS L VR HEITT 2006 BATEROTFEILVAR Y 23K
IR Z D, ERNICIURT % &L THENS, LnL, —FH T, KO FRRFEN 2 #EEE &5 2

84



CE

Ll b —HEE LB T, A A UMK K 91T, L0 BUE SRR 2 i & kIS
WHEL561E, Koo 2 e — L, BREUREATEIEOBIER Y 28175 L& %
bId, ZOXHIT, KFMOFE L MMENORBREHRRT LI LN TE D,

WY~ —OKFKZE RS D FIEIIIEEKI (NMR) EPFHEREME, R T~
SSWAHTRHET B D, RO 5 TR, 3 FEOKFIAKZ AR X TE 20 E0H 5 R%EE
BEEFHDSONZ L DWE 20 2175 Z &L &35, UBHDOAFRPBNEA F L Da ) VRART
= & RARY a3 U ANVEREA UK F LT, BTFF UMD 4ERT =T A
B FRET = A MO ANKR OB TH D STHHOR Y ~— 14 REIG TREGEEE
Kkt 245, ZOEKEE 2SR —E, —100 °C IZMmAIL7=#%, 5 °C/min OHE T
FRSE 5, ZOWRICEIT AMERE MRS 2L e—24b 6, AR, FREIK,
HHKENZENDOELZERT HZ LN TE D, FATEROMEZER) & KFIK ORI IZEERA
bLPE N EEm T Do KFKDEMZVERTEIL, ROXIITEREZITH Z LNARET
&%, DSC 225 3R O BT AHIKDPIKFNIDO RN TH L EAE L, R Y ~—DA F MEERE
1 B9 2 K OB OKFIE) 23k B, T DO/KFIEL E van der Waals 172870 b BEERAYIC
ROIZDTORE SEIKIC, A A UHEFRERN O LIRS T L CHEZRD D & Kfiimxor
F—aBHMTHENTED, TIT, ROFSECTITFL DOEKRY ~—%FHE L, DSC

EZAT 9,

4.9. fdm

IKDOWERE L A A ARIBOFATHEIRO MR FB 2 ik T 2 & MR OZEIITEREIERRD 5
iz, A T IREMI-TFSIO LR B O RIFHECH 0 B CHEAT L7 728D R 72 BlE203 AleE
THoto, ZOZE@ENIAKE B TH > 72, EMI-TESIOSE T & 2B 2y i Tl B35 = &
DS o T, D1 B OMEFENIEEX=29x10%) M8 TR SN, R, Rk
HITKDOGGE LV /NS < EMI-TFSIOSEATHERIIAK L Y /NS REETRIET 2 Z LR SH
Too 2BEBERIZ S HIZEREDVNES 2D X=2100TRINZ, ZOX IR EBNNEL o
Te DR, 1B B OREIIREE OWEAZHF L, 2B M B OAREI IR D00 0.5 I AT 5
72D T Do FRBUTITREELSNT b | IRIROYLRIRE AT O E DR S5 28, K
WCREKFELIZEEZOND, —T7, 2B A OFREIT/AK TI20.66, EMI-TFSITIH0.21 T >
7o BERET LV TIXERDOSTH 505, IIKIC L U ZORMUIZENT 2 Z LB MR o7z,
NFH L THDHEMIE R Y ~—T TV DANVK BT =4 L ORIZIE, A A2 -A A U FAAE
HIZ X VBV EERDBE LD, —F, KaTFEANRAET =4 L DML, P11 4
AHEAERMRAEC D28, Zhud, A Ay A A AR L VTN THSH, ZOMBEERDK
/NIRRT, B EELBABGEIZ K W EMIE 723K EAHAAEH LTV 2 SPMELUL O = % /L ¥ — % 31
T 52 & THGEEES N,

85



CE

de Gennes b DERFGE T /T BV THREBUKEMEZ R T BT ICEL SN2 LAVRS
NTEY ., A CEI SNz A 4 U IRD0215 2 Hi§ 5 (I = B A B L 7o 7,
Z T, AR TIHRNBR L =3 VX —Hih & OBIRAEBLE LTz, PR ~—7 7 V&
I TIRAVRD D & & BEERRINRRICE SO S 2 & TEL 2RI HHT X LF—0Z1 b
(v — w2 TRLREP R ) ~—T7 T VIR A L THEEML, BT 52 & Thbm L
F—2AIFTRET D,

ZOBEIC LA =R NVF—HEEIT, K ~v—T T VA RERTHY, RV ~—T 72D
BICKELSEDD LB BND, KU ~—3 BIEHE & B3y T EERIC L 0 %
ElbIh= o ZNVE—RGAHDN R C D, —FH ., 77 VBTN RET 5 & RFTHINZ & 5 ik
JEVRIIRRE & 72 0 BWZBIERNEAT D720, 77 VEITRRD D EE FICHET S, 0
TeDor P AR A= g VITHIFIRA T, T b e B — D RASAE L D, Gibbs? H H
TARNX—DOERAG = AH — TASHHAHE ASDliE D/RT VAL > TR ~—T 7 VD
FBEIIRESNDD, ZDAGE T T 7 NEE ok OFEDNHRIVAD D fRIZBIT 28T 5 =
FNX—D—H LD, bl ERMIIRT VY VXX —U (REERO T RILF—) % FF
O ARAVER DIEFRICIB N TR XD E T, AUDGTET RO FX—0EER S
fRHENMER LT- 8 &2 bnb,

B FE LB | D MRl LA R DHEI S N7 K 912, KK b A A U kIRIZ XY
WIS N2 J78SPMK Iy FIXZ @b S, RERAHE N Z BT 6T Z &R Sz, -
T A A VEEROTFENILT T VORI L 5 =R F—hn K&, AT vy bz
F—NEIWEE SN TLE D T2 OITIRIEAFIVAN 5 FHA0.22FE TR FLTWD LHElIsh
%o [AERIZ, KOBIIZBW IR v 2 L E— LN A TR O H RIC K & 7o 8% 5 2
TV EEBERZbND, Kl 2N —BbEZ RO DT, T/ ~—BALH TV A5+ DK
FKRDFES L TCWD DN E RO DVIERH D, £ T, IROFESETIIR Y ~—DKFKEDE
mARADLZ LI,

2% 3K

)] Dupont, J.; de Souza, R. F.; Suarez, P. A. Z. Chem. Rev. 2002, 102, 3667-3692.

2) De Gennes, P. G. Rev. Mod. Phys. 1985, 57, 827-863.

3) Leger, L.; Joanny, J. F. Reports Prog. Phys. 1992, 55, 431-486.

4) Findenegg, G. H.; Herminghaus, S. Curr. Opin. Colloid Interface Sci. 1997, 2, 301-307.

5) Popescu, M. N.; Oshanin, G.; Dietrich, S.; Cazabat, A. M. J. Phys. Condens. Matter 2012, 24, 1-51.
(6) Beattie, D. A.; Espinosa-Marzal, R. M.; Ho, T. T. M.; Popescu, M. N.; Ralston, J.; Richard, C. J. E.;

Sellapperumage, P. M. F.; Krasowska, M. J. Phys. Chem. C 2013, 117, 23676-23684.

86



(7
®)

(€)]

(10)
an
(12)

(13)
(14)

(15)
(16)

amn
(18)

(19)

(20)

ey

(22)

(23)

(24

(25)

(26)

H
~
11t

Wang, Z.; Priest, C. Langmuir 2013, 29, 11344-11353.

Huang, J. Y.; Lo, Y.-C.; Niu, J. J.; Kushima, A.; Qian, X.; Zhong, L.; Mao, S. X.; Li, J. Nat.
Nanotechnol. 2013, 8, 277-281.

Kubisa, P. Prog. Polym. Sci. 2009, 34, 1333—1347.

Han, M.; Espinosa-Marzal, R. M. J. Phys. Chem. Lett. 2017, 8, 3954-3960.

Ishikawa, T.; Kobayashi, M.; Takahara, A. ACS Appl. Mater. Interfaces 2010, 2, 1120-1128.

Sato, K.; Okubo, H.; Hirata, Y.; Tadokoro, C.; Nakano, K.; Tsujii, Y.; Sasaki, S. J. Tribol. 2019, 20,
97-113.

Nomura, A.; Ohno, K.; Fukuda, T.; Sato, T.; Tsujii, Y. Polym. Chem. 2012, 3, 148—153.

Tadokoro, C.; Sato, K.; Nagamine, T.; Nakano, K.; Sasaki, S.; Sato, T.; Sakakibara, K.; Tsujii, Y.
Tribol. Trans. 2020, 63, 20-27.

Li, L.; Chang, L.; Zhang, X.; Liu, H.; Jiang, L. ACS Appl. Mater. Interfaces 2017, 9, 29355-29362.
Chang, L.; Liu, H.; Ding, Y.; Zhang, J.; Li, L.; Zhang, X.; Liu, M.; Jiang, L. Nanoscale 2017, 9,
5822-5827.

Yun, H.; Takata, A.; Tsujii, Y.; Ohno, K. Langmuir 2017, 33, 7130-7136.

Nakanishi, Y.; Ishige, R.; Ogawa, H.; Sakakibara, K.; Ohno, K.; Morinaga, T.; Sato, T.; Kanaya, T.;
Tsujii, Y. J. Chem. Phys. 2018, 148, 124902.

Seymour, B. T.; Fu, W.; Wright, R. A. E.; Luo, H.; Qu, J.; Dai, S.; Zhao, B. ACS Appl. Mater.
Interfaces 2018, 10, 15129—-15139.

Yahata, Y.; Kimura, K.; Nakanishi, Y.; Marukane, S.; Sato, T.; Tsujii, Y.; Ohno, K. Langmuir 2019,
35,3733-3747.

Yahata, Y.; Marukane, S.; Sato, T.; Tsujii, Y.; Ohno, K. Langmuir 2019, 35, 14566—-14575.

Joanny, J. F.; de Gennes, P. G. J. Phys. 1986, 47, 121-127.

Shirota, H.; Mandai, T.; Fukazawa, H.; Kato, T. J. Chem. Eng. Data 2011, 56, 2453-2459.
Shiomoto, S.; Yamaguchi, K.; Kobayashi, M. Langmuir 2018, 34, 10276—-10286.

de Gennes, P. G.; Brochard-Wyart, F.; Quéré, D. In Capillarity and Wetting Phenomena: Drops,
Bubbles, Pearls, Waves; Springger: New York, 2004; pp 142—150.

Tanaka, M.; Hayashi, T.; Morita, S. Polym. J. 2013, 45, 701-710.

87



)

Poly(SPMK) brush (blue)
|fFAS (white)

i)
B3

=L

i
AN
it

t=16 days 5 hours

/

t=8 days 1 hour

Extraneous matter
&Y (BB DIEIE

=
(&}
©
3
c
o
O

line

|

blue color)

I
100 um  Dry area (methylene

Precursor film
X=0pum

EMI-TFSI (2.0 pL)

X=16pm

X=36 pum

Figure 3. Optical micrograph at the front area of contact line of a droplet of EMI-TFSI (2.0 uL) on the

line-patterned surface *°.

2 Poly(SPMK) brush/FAS = 10 um/5 pm, brush thickness = 39 nm, SH166_1 dyeing with methylene blue.
b Bright-field image. Optical microscope: BX51, objective lens: UPlanFI, 10x (Olympus). Camera: 3R-

DKMCO1 (3R).

Observed in plastic dish on a slide glass at room temperature of 19-23°C and humidity of 24-27%.

(@) Poly(SPMK) brush (blue) ()
\ IIAS monolayer (white)
Dry area
= l(methylene
Precursor film blue color)
elongation
length X X,

. Y
" — Contact line
Acid Red 1 ag.
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Figure 4. Optical micrographs of the precursor films of (a) water (3.6 wt% Acid Red 1 aqueous solution)

Dry area
(methylene
blue color)

— Contact line

100 uym

@ and (b) EMI-TFSI® on poly(SPMK) brush/FAS monolayer line-patterned surface (SH166 1). The

observations were conducted by using an upright transmitted light microscope (BX51, Olympus Co.)

equipped with an objective lens (UPlan FI 10x/0.30, Olympus Co.), a C-mount adapter (0.5 x, Anyty Co.)

and a digital camera (E3CMOS 06300KPA, ToupTek Photonics Co.). The line-patterned sample condition

is same as Table 2. ® The precursor film of Acid Red 1 aqueous solution was observed in the same

condition of Table 2. The optical micrograph was taken at = 288 s. ® The precursor film of EMI-TFSI

was observed in in the same condition of Table 2. The optical micrograph was taken at r = 1.40 x 10° s.

(Observed on 2019/08/29).
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Figure 5. Time evolution of the precursor film of water (3.6 wt% Acid Red 1 aqueous solution, observed
on 2019/09/17) (triangle) and EMI-TFSI (circle) on poly(SPMK) brush/FAS monolayer line-patterned
surface (SH166 _1). The line-patterned sample condition is same as Table 2. The observing condition was

shown in Figure 2.

Table 1. Fitting curves to elongation behaviors of precursor films in each stage on the poly(SPMK)
brush/FAS monolayer line-patterned surface (SH166 1)

Stage Water ® EMI-TFSI¢
Ist X=621¢2%06 132 s<¢<395s X=29x104¢08  73x10*<¢t<1.8x10%s
2nd X=0.861066 395s<t X=2.11¢02 1.8 x100s<¢

X and ¢ represent the elongation length of precursor film and time from contacting of the droplet,
respectively.

2 The line widths of the poly(SPMK) brush and FAS monolayer were 10 um and 5 um, respectively. The
brush thickness in the dry state was 39 nm. The poly(SPMK) brush area was dyed with methylene blue. ®
The precursor film of water (3.6 wt% Acid Red 1 aqueous solution) was observed in plastic dish at room
temperature (26 °C) and humid air atmosphere (95%) on 2019/09/17. The volume of droplet was 2 pL. ©
The precursor film of EMI-TFSI was observed in plastic dish at room temperature (19-23 °C) and
humidity of 24-27% (2017/12/02-2018/01/25), 22 °C and 27% (2018/02/01-03/28), 22-25 °C and 27—
57% (2018/04/05—05/28). The volume of droplet was 2 pL.

89



8
N
It
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D SPM-water
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Dspy.em = 3-8 A e ¥ Dsppater = 3:4 A

Figure 6. The most stable conformations of (a-1 ~ a-4) SPM unit and EMI, and (b-1 ~ b-4) SPM unit and
water. The objects in Figure (a-1) ~ (a-4) are same component with same conformation, but captured from
different view angle. The objects in Figure (b-1) ~ (b-4) also show the same conformation captured from
different view angle. The Dspm-pmi and Dspm-water are distance between the sulfur atom in SO*” and the

nitrogen atom of EMI, and distance between the sulfur atom and the oxygen atom in water, respectively.
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Figure 7. Molecular dynamics calculation of water surrounding SPMK monomer unit (calculated on

2019/10/18).

15 20
r, A

Figure 8. Radial distribution function g(») of water molecules surrounding the sulfur atom of a SPMK
monomer unit. The 7 represents the radius from the sulfur atom to each water molecule.
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Figure 9. (a) Time evolution of precursor film length X and droplet interface area 4, and (b) the schematic

illustration of each stage of precursor film elongation on the line-patterned surface: Poly(SPMK) brush/

FAS =10 um/ 5 pm, brush thickness =42 nm (run No. 216 1), dyeing with methylene blue.
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Figure 10. Energy dissipation on the poly(SPMK) brush/ FAS line-patterned surface.

92



i
AN
it

IThe1 st stag?I The 2nd stage |
10%g ~ : -
E t=3705 T '
= 10°k : Observed 1 ]
s VE ay,= 0.6
2 F 1
S 10%k ———— |Simulated 4
c E 1 ay,=0.5 3
el s ]
S10'F 3
5 F 5
w 4noL 1 1 1ol N
10
10° 10° 10* 10°

Figure 11. Observed*? and simulated*® time evolution of precursor film length X on the line-patterned

polyelectrolyte brush surface.

*a Observed: X o< 1% poly(SPMK) brush/ FAS = 10 pm/ 5 pm, brush thickness = 42 nm (run No.
216 1), dyeing with methylene blue.

*b Simulated: X oc ¢03,
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Figure 12. Simulated time evolution of precursor film length X on the line-patterned polyelectrolyte brush

surface.

Figure 13. Schematic illustration of water extension.
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(a) Linear form for cation, (b) bifurcated form for cation, (c) Linear form for anion, (d) bifurcated form

for anion.
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T ZC Gac [T A A 2@ van der Waals -2 % Born ORUTA L CHHEAE LIZEZHICBIT 51 4
YOHHTRNLEX—THD, AGs TEMOBRIZf O LIEFEN LB L F -0 T
&V . Noyes DfE '3\ H LTz,

o FEMEREA T MR v —OKMT R F—ZEHERO D Z LT TERNDD, AR
KOBNWOHEET DI LITARETH D LEXDND, Bk AKITA A MR Y ~—IZhe b 5 < fid
PMLIEAKRTH D, DD, RHEKITAKFTZRLF —IIRELS FETDLEBEZOND, REHK
D BT T AEERNEFDSOIC L > THIEE NS, FlxiX, BILSIE 1995 FloKMEE72RY
AFVANB AT NI UL IR AFLELE—AF RN UL BT VX8
FTRUIDLAD 3 EEOGS TEME 'V, £72. 2010 FI21E poly(2-methacryloyloxyethyl
phosphorylcholine) (poly(MPC)) 2 (Figure 5)? DSC HIiE # 1T\, RH/KDEEZRD T,

[S¥C)
COO Na
o] QO
_ OO0 Na
CH,—CH o OH o OH
n HO (o] HWO
HO o} HO o}
OH °© OH COCQ\IGS )
a
oS ( °
3 O®
COO Na n
Sodium polystyrene sulphonate Sodium carboxymethylcellulose Sodium alginate
CH, % CHs CHs CHs
CH,—C CH,—C CH,—C o H,—C
C=0 |n 0o C=0 |n CH, c=oln o ?®Hs | n ?(%3 Cl)e CHs
O(CH,)5S0 ‘ PcH, o O(CHy)y-O-P~0(CHy),-N~CH CO2(CHy) N =(CH),0—H~0~CH
(CH2)3SO3K O(CHy),-N—CHj3 CI (CHz2);~O~P—0(CHz)>~ 3 ) il ]
éH3 o) CH, CHj (e} CHj
Poly(SPMK) Poly(MTAC) Poly(MPC) Poly(MCP)

Figure 5. Chemical structures of sodium polystyrene sulphonate, sodium carboxymethylcellolose, sodium

alginate, poly(SPMK), poly(MTAC), poly(MPC) and Poly(MCP).

BT KIS D & & | R OKS TIXE S FICE & FE B, @ 73K Lok
EE D, KT LHERECERT DL, KFUL3 DICHET L2 LN TE S,

1 2 H XA 4> DK Fi(elctrostrictional hydration) T 5, A A L MEDE ST DA, K1
WART-% b D7D, A A2 LK EDRNTITA A BT+ AAEHEEMAB/ER)IC L D50 g
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%

AL %, Frank H13, KGFIEA A DAV 3 DDJENLRHEEEZTERT D LB A,
flickering cluster E7 /LA 42 L7z D, IONMOE TIZ, A A2 Db DRWEI DT, Koy
FBA T AT ETFEDLI, KO FRIEOEHEA/NE <> T, Frank HiX, ZOEDK
DAKFIKTH D & EF LTz, KFIKIZAF Akt L CEmE TR 2NN, 7 =42 Tidk
FILREZNANC L TR 5 2, wbBIMUDREIE, KF1L TRk & [FER7Z2 28 2 7R 37K T
b, BHEAKEER SN, WNE & EIVEOFRICIE, 551 A W78 AAVERIC

Te& DKDOREEPE SN FMERTFEL CTWD, TAB D EBA 4 v boa o AeA 4
> DKRFKIZEIT % Bockris 52 X D E W 2 W EMERIEN S A A DN SWIE

ERFEMN L Z R LN ENTND I, ZOHBIEI Na™ R LiTO L 5 /S A4
CIERNEOHHAN R E <, WZHEEN NS WL THL EEX LR TND

CH,OH CHLOH CHZOH 0-CH, 0-CH,
° o
OH HO, o
OH™ ° CHOH OH

R= CH,CH,CH,SO3Na or H

Sucrose Glucose Dextran Dextran sulfate
CH3 H3 H3 H3
CH,—C CH,—C CH,—C CH,—C
COn®® COnCH3 COn COn
O(CH,)3S03K O(CHy),~ N CH, CI O CH,CH,-O-CHj O CH,CH,-0-CH,CH,-0O-CH3
CH,
Poly(SPMK) Poly(MTAC) Poly(MEMA) Poly(EGMA)
CHsy CH3
CH,—C CH2—C
¢=o Jn St ¢=0 Jn CHa o cH,
O(CH2)2 O— P O(CH,),- N CHj O(CH2)2—N—(CH2)2 —P—O—CH
CHs CH3 ) CH3
Poly(MPC) Poly(MCP)

Figure 6. Chemical structures of sucrose, glucose, dextran, dextran sulfate, poly(SPMK), poly(MTAC),
poly(MEMA), poly(EGMA), poly(MPC), and poly(MCP).

Kﬁ@Z@ﬁﬁﬁ\*%%ﬁﬁiémﬁ@m%mbm®MMMWMT&éoKK%%LTw

ST, B R OH, WA R=AHC=0, 7 /EN-H%HLO84A, ZHOER
BIIKGrF L ARBREGIT L > THEMH L, KT 2, HIESZHE, RY 7T RoKmiEE
IOKFRHEEICEVEE D LEBZONTVWD, HELITHEFETEHEANWTRAZ n =271

21— Z(Figure 6)72 & OO KFEL ORI E 21TV, OH 1 DK 72 0 0.5 025 0.9 57 F DK
AERALTWD ZEEMBNT LT Y, KFREIT L DKL, AKFIEDNREIZ &0 i < KAF
THRICBW oKL Bren, %ESIT, A7 0 —A0KMEIL15°C TIX4 5T THD
23, 40°C TIX 1 3 I35 Z L2 @E L TWD S, ZoEbE, KR TrbEoKFmKIZH
DK FBIFNKEREEEZTERT D720, L0 ZL OARPBKFIAKE 2D, BENEFT DL
Koy FDOBGEHPHE R L, 59V KFEREIIEZ IEE S, KB HD T 506 THH LH

04
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5
ZHINTWD, KERAMARMOS T BERIFET, B0 51X 0 @8EREEZ AV TRt shiz
60, F & A k7 (Figure 6) TlE, 12 7 /L3 — BN LI LD FETIE, OH M 1 oY 7= 0 Ok

AKIZ0S T O—TEDMEER LTz, 12 7V a—RBEALLF T, o FEN/NSWIEEREAK
L7z, ZOEBIE, 12 70 a—RABEMLLTF T, T3 A b7 BRI Tl mE X
NTRBEEBIZH DM, 12 7V a—RBN L ETIET X haf vaERk L, BEOKTERL,
TN TARE-BETHNO THD EERINT,

3 D B OKFOFEHIL, BiKM:EE DK F(hydrophobic hydranon)“CZ?)é Kauzmann (F/K A+
TOH RN TEOENPREENDDIX, X 7 EOBKMERN K IR BEEND 0D
ThdLfEfLi D, ZOEZITILIAE YD, Némethy HIFBUKMKFNCE G L TV D KIZ

pRALKFE & O Vander Waals HHEAERA D72 Mk D & & LD b =RV F—HEN MR TT5 2 &
x| BUKMERTN &2 BRRAVICHHA L7z 89, Z 0K FIX AR EDOLEIEN D 72 5 FEIRO
G ZTER L, J8 O & O IZBUKMERR 2 2 0 PHTe Z & 28, XBUEIHTIZ & » T 5202728 > T
%10, Z OKOFE A E 7 HANE LW KT OBEHI O 72 . BUKHEKFIEZOK ORFE R %
SIERZFTZENMONTEY, ZORDENGBUKMER 1 D%72 0 OKFEDSHIE ST,
O HIXANFR T B LT ¥ R~ T 2 (Figure 6) KR DBV ERER ZRET HZ & T, MU X
F L 2 B-CH,CHoCHo- DB PEAKFINC K 2 R FEZKI1E-0.75 mL/mol Th 5 L H I L=, Z D
BEHBETHE, PV AFLUEIZ 042 0 TOKTIRVEENTND Z EITHYT 5, ¢8R5
X ANVRFROEERIK L 2 EIROMBEERICE L TEIMRFMEZFHII L, A F L HEITIT 0.06
T DIRPBAKEAKFI L TWAZ &, = FAEITIF 028 0. B ELHETIT 044 537 Th
D2 & aE W12,

BULERERNZ 2, BUKHKFNIAR AR Y v a ) VR EDORMEA F o THiEE 2 &F 26N
TWb, RAKRY VU CEPMUSHIZHE S L7 poly(2-methacryloyloxyethyl phosphorylcholine)
(poly(MPC)) (Figure 6) TlX, 7> E=U LT AL LY VBT =4t L, BHOKIZKE
LT3ODAFNENBENT DI ENFFEAFICL o TRDONTND B, Z D AF LN
BKMEARFI L, KOFEREIED X 5 7 KDR >y NT =2 TEHyF0EDLID & T 5FT VN
g X,

VU7 =F L AT VBT LT F U IPBIRDBBRARRNEA L, AR vay v
EIEEN D, RARY V2 ) ATERBEZER T DIRE 0 FIROMEELCH D, ZDRAR
Vonval rERE[EICFEONMEASA A B A L2 UL —KKEU~<—>0 polyQ-
methacryloyloxyethyl phosphorylcholine) (poly(MPC)) A3 & ik S 41, KD E T /L & L TEDOMEE
DR SN T & 72 16, Poly(MPC)XFEF IZHIAKIETH 572 17, poly(MPC) & & D ILE A RO Fi
WX, R AEREURIE B, MGEAE 10, Z LS B IEMAEE 20, (RERERME N2 2 fF o b
DHE ST D,

—H TV VBT =F L AjT =T DT F L DALED poly(MPC) & 1T 78 > 72 Bk
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5
A 7 TR U <~ —poly(2-methacryloyloxyethyl inverse-phosphorylcholine) (poly(MiPC)) & &k & AL
TV D 832 Poly(MPC) CTlL 4 k7 V=0 L h T4 2 DNEHRMHIZALE T D A3, poly(MiPC) Tl
AU NLa) HICEEND 4RT =0 DT A B FEHITIEVIE D ITALE L, $HK
T EOBEBIELNFEE LT Y VIRT =4 U BLE LT D,

BLERZRN T 212, polyMPO)REITAMBFIEL RTICHEDLL T, £ U N—ZAFKAFK U L
Y @) UARAT 2 — MEBORENTEEREGHEZ RS 2N ERMbNATWD, filx
IX. poly(MiPC)F I CITARMEK 2 DEEENEINTHZ &, FloA v N—AKRARY Lal K
TIEMI L7 H T AR TITMI L # o X7 BOWE 6P/ RE D 2 ENRESh TV, Zhix
FRIMER-CHIR D AR R I OB AR Y L3 ) L HERRE DA R —AFR AR =)
HPRELSFHANEAT D7D THDLHEEBEZ LN TS, RAKRY LY L A R — K AR
Vval o OMBEERIE, ZRLICE > TEEY v — 7 BMBL(SPM) & V7= J1lE
MOERINTNDS 2,

FHBIMRE AT LV Si R IZ poly(MPC) 7 7 ¥ F 7213 poly(MiPC) 7 7 o Z i L | Si #%
BITIZIEARAR I LY U HEFIFIA R — AR AR L3 Y U HERRIBICES LTS T
IRAFR LT, 2O SR 752 0 o F L A—DMSiZEE L, B E D7 4 — AT —T DK
THIE ST, 75 &, poly(MiPC)7 T 3 &R AR U b= ) o HAERG Si ok T- & ORI IT 8RS
B3M#I< 28, — 5, polyMPC)7 7 v bR AR U val VI EER 2R S0 2 & 3N
O bT,

AU NR=RRARY a3 Y HENRARY L3 TR LR R B 2R H
B OfINZIE, W& OKFIKOBENEE TH 5, 2002 FIZHF 51X 2-methoxyethylacrylate
(MEA) & 2-hydroxyethylmethacrylate (HEMA) & O 3 EA (KT Kk Fik & - 75 42 A 2E I E (DSC)
(2 KO FRMT U7z 2820, @ibfiR & A SR ESRE OB s O K FIAKIZAREIK, Rk, B HZko 3 FEEIC
ST D T L 3T E 7= (Figure 7). M/IMROMERRZAT S5 & FRIAKRDEIA DK ZWE E i
WO EBIZ D72 70D 2 E BB BT/ 572, Poly(MEA) % & A (Kl G & Fr2 | 4 1
03113 B Kk OREE L L CHRBIKRERSZ LR SN,

_ BH#XK
Free water
EiEEreEtKk |
JKF0K Freezing water
Hydrated water ——| RREK (FEERFEK. BfE&RI1EK)
in polymer . - Freezing-bound water
A— TRHEK or intermediate water

Non-freezing water

Figure 7. Classification of water in the hydrated polymer.

Poly(MPC)H I Z it S L7 K D& I TR = > Z L B —IZ3FEH LT DSC Z# W TAHIRDIC
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Lo THEI &N 7232, MPC & n-butylmethacrylate (BMA)DE /LI 3 % 7 DILEAIKRF TIE, K
D 84 wt%NHHKTH -7, MPC OXfHE LT, 727 U7 I R N-E=1tnrl Rk
BMA & OILEGETOKFIKDOEIGZRET LD . BHRHAKIZIOW%N THoTe, 2O ENH
ARGIZTABKNPZNT & D polyMPO)DFHEATH D & 272, DFV | RHFEAKELYD b AR
KEZLS RS, @1 OKRMER/NES KOMEBZBIE L RN L2, AREA DS BURE)
HNTHDHEER LT, -, 286 S B 72 poly(MPC)D G /KRNI L Lz & & OFEA /KB HAK &
REHA)DENG OEALRF S A7z 3, EREDIHIINT 5 & B mAROEI GBI m L
Too —H . RBHEKOEIGITEKE 88 wt% (K/(K+R Y ~—NETHIML, ThEh K&EWg
KEDOKE, —FED Lagg ' OKIRV =) b Z EBRRLNI R -T2, 72, BILUBIIHT T A
HR R OIS ik 2 5 80 72 DSC JIE 217\, 7K poly(MPC) D K Fii &Ry 7 Eh 412 DU T
RN IR ST M

—J5. poly(MiPC)D/KFIEIEIXZ < AR T 5, ABFSETIEL. poly(MiPC)D K Ft & %
SN T H72012, &K polyMiPC)FRDH 7 sk, KiEAESb, @lfig4 DSC (2 X v fighT
T 5, PolyMiPONTAEMREGTEZ RS N2 ICES TR, KRR L2 SRR E R
RN ETIREIND, BRICEBIT D= 2 =2 b BAKFIKDOEFNE Z KD, poly(MPC)) &t
Wt %, $7-. RARY LAY UHL A U NR—ZRARY Ll R L OB R AR AR &K
TR OB DIRFTT 272012, MEREEN AT D & & ORFE Z fifr+ 5, T D120,
poly(MPC) & poly(MiPC)Z R & L7c R, F£7/2, MPC & MiPC L DT U X AILEAGEKRE T v v 7
HLEARZFI L DSCHIEETT I, A A=A K AR Y L) HER | poly(MPC)D K
RIS EDLZ E THAEFEHZKZL T D6, KFIKDOEIGDOEENRBDO LD & TET
=2,

T 2T, ARBUKZE @S 1 &R < FHEAERM L-100 °C BLF T H GRS L 722V Koy 1. K
e RHUK & KFEREG L. =60 °C ~—40 °C (i TIRIRAS S IET 2K D F L EFRT D, MEEH
bETHEGKE WD, FEAKUSOKG T2 BBRAKE TS, BEAKIFMAELFELT X 512 0°C £t
VECRET D03, REKSCHBIAKEANBEDL ZERHD EEZ LN TS, REEENER
DSOMEIZ LV | FEKDKEM ST Vv E—2 k&, BHEKORfET 21 e —2%
fbEZHE L. A I MHEmmsFOKFKOEREIT D,

52. /KA UARAT = — MR U < —poly(MCP)D D 7K Fi/K & D HIE
Poly(MCP) (Figure 8) D /KFNAEEZ B 50T 5 Z L A2 HBYE L. poly(MCP) D & KFELD
DSC #IiE #4772, Poly(MCP) 1 g \Zkf T 2 KDEEAERTEKE Wy &E/ ~—H47-0
DKy FHaEFKTEKENaZ Eq. 1 & Eq.2 TN K0 HEHE LT,
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H5E

H,0 (my —m,.)
A —— L (Eq. 1)
Poly(MCP) [¢] M
H m, —m_ )/18.0
Ny, [mol/mol] = 20[?d] =( 1~ M) (Eq. 2)
MCP unit [mol] /322.3

poly

Z 2T man (X5 7K poly(MCP)DE , mpoly IXEZE LM% D poly(MCP)D A D'E &, 18.0 1T/KD
oy fE, 3223 X MCP &/ ~—HALDO5 & Th D, Figure 9b (27 L7z DSC 1 —7 O HEE
FETIE. Nu=13.2mol/mol @ & EARIRAEATERIT HI2R T D FEEDNRE Tee=—44 °C ITBIZE S,
poly(MCP) X K Z TR 5 Z L BN BN o7z, £, B/KENEEINT 51T L, BliRiE
T 1Z 0 °C |23\ 7= (Figure 10), #H 7 AEREIRIE T, 1% Nu 28 13.2 mol/mol A D & & & /K ED
HINZAHE > TR L7223, Nu 23 13.2mol/mol 2> 5 1% E5- L, 20 mol/mol LA £ Tl T,=—42°C IZ
IR U7z, Bl SRR R ™ # L B —AH, & @l Z )L —AHn 55 Eq. 3. Eq.
4BLWVEQS ZHNWT, R ~—1gH2V OFEKOEE W, HHEKOEE We, RHEAKD
BHE Wt ENE R/ L,

AH
A —— Eq.3
FB C (Eq. 3)
p
AH
W, = = =W (Eq. 4)
Cp
W =Wy =W+ W) (Eq. 5)

ZZ T, ColIKDFME= 2NV E—(-334]g ) ThH 5, Figure 11 [IZRT LT, BILBHIZED
WA SN2 E /K poly(MPC)DKFI/K OFARL 34 & i3 2 & poly(MCP) CIEIARBK DN L D
%<, BEAKDEIZL D DRNWZ LW LN, 22Tk, KU ~—ONREEICER
L. UTFDOEIZEEEIT>T2, PolyMPO)TIXT Vv E=U AW TF ALY VBT =4V RS
B LEBMRPHBINDTCD, A F KN K o TR FEET 2K D720, 2k LT,
poly(MCP)D KEGIZITm @ A Y 7' 1 ENVERFES LT D720, poly(MPC)DIGHE D K 9121
FURTIEREET 5 2 ENTET | FENIALEIFIET D, TNENDA F UMM EE] L,
A A MEKFNT 2 O TREAKD polyMPC) L D < e olc bEZ HiLD, NEKO®ELE BHHK
DOEITAOHBIBRICH D=0 L BHKIT polyMPO)YDE L W b7l 7eoiz, T Z Tl
A A KRN K o TR EET HKRFIKIL, FHAkE LTRSS L E LT,
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CHs
|
COO-R
R = ?53 9@ C.)@ 053
(CHﬂz—N-%CH»zO—ﬁ—OTr (CH2),0—F—0(CHz);—N=CHj
CHj; o) o] CHg
Poly(MCP) Poly(MPC)
CH,
' O, ® &) S
(CHz)z"}‘@(CHz)sso? (CH2)3S03K (CH32)2N(CH3)3 Cl
CHj Poly(SPMK) Poly(MTAC)
Poly(MAPS)

Figure 8. Chemical structures of poly(MCP), poly(MPC), poly(MAPS), poly(SPMKO9, poly(MTAC).

53. GARBARY L3l IR Y < —poly(MPC)PD K FiZK £ Dl E

ARAKRY V2l > (PC) %A 5 2-methacryloyloxyethyl phosphorylcholine (MPC) ®D 7R U ~
—T& % poly(MPC) (Figure 8) D/KMZEE) Z i~ 25 71T, poly(MPC) ® DSC HIE#1T> 7,
HIE 1 Run No.M240 (My=143000, My/M,=1.08)% F\ 7=, BV OVERLE . JIEE K OFRITIET
poly(SPMK) & Ak Tdh 5, Tabled [TiFZE/N | H, — N HZOENL KOS DBV OE &
Rt L7z,

Figure 12 &/ ~—HANL&H 72 0 OF/KE Ny = 3.8,10.1,15.2 J2 Y 21.0 @ poly(MPC) /KIEHE D
DSC #hiftZz = L7z, ZhHd DSC H#IRMHETH D, EKE 3.8 TN Z =S 7eh
ST, AfRO E— 7 BB S iz, SRR 101 TIHERIERIIR 72 h o 7228, -32°C IZK
IRAE R Z R L, Bl — 7 Z-18 °C (T8I L 7=, B7K&E 15.2 TIEHK K v KR D-36 °C T
FEsaER 2R U, FHEERRICB W CTH AKXV RIR O —7°C CREZ B L7z, 7o KRR
TERUTBLI S e o Tz, BKE 21.0 TIEHIK & [F CIREE A OBk 2 810 L7z, AR
TIE—3°C TRlfiFZ = L7,

Figure 15 {Z poly(MPC) D/KFIKDFLD T 7 b Zow Uiz, £l & Hefhiz X MPC €/ ~—
2=y oD ORGP FOMEER LI, BARE22 DL ZITAHKRPIERIITT D, FK
& 10.1 THEKZERT 2 & & BICARHKRITE L o7, FKE 152 TIHKIRMSSIFK
DB & 72 < 72 o 72728, poly(SPMK)D 7' 2 v b & RIFRICH K EIZ—E & 72 0 BHAKNE
R LIgD D EEZ T, 2D, PRIAKEIZEKE 101 hH—E L RoTWND,

54, RAFRI L) U EBEIOa Y VAR AT 2— b IEESTRELEIC BT SRR L B B
Poly(2-methacryloyloxyethyl phosphorylcholine) (poly(MPC))¥ & T poly(2-methacryloyloxyethyl
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55 5

isopropyl-cholinephosphate) (poly(MCP-iPr)) D /K Fif % DSC ([Z XV HIET 5 & h#kd 5 &
poly(MCP-iPr)D1F 9 3% < DARBUKEKNT D Z E NP LN > TWD, OB ZHHE O
SEARBLEEIZIEE LTEE L,

Dty alb—v 3 Y7 b Materials Studio % VT, MPC === F X T MCP-iPr ===
v MENZEIUCE L C BB R (DFTIC IS & K 2 0E L 7= i b 515 (DMol3,
geometry optimization) & 1T > 72, ¥RIZ, d LAY 71 (MD)IZ M5 < 7 =—/L{%(Forcite, Anneal)
IZRD ., BEREEZE N, HFODFTICESE, KPP A2EEL T, HiEfE ki % (DMol3,
geometry optimization) = 1T 72,

TUERZ Y AT A UNFEE L TN D A FNVEDRFER TN IEOBMEZHO, U UEEEORE
FIRTNAOEMMEH Nz, ZHUTEY MPC 2= M CTIEATFVEL U U FRIENHER L 72T
RELEEZ & 25 2 L AR STz (Figure 13 (d), 2 D A F VAL L FEEF 1 & DFREE(Dowme) & HIE L
Too T == /VIEO% OIS AL FHRIZ LA, MPC @ Do.ve 13 3.4 A (Figure 13 (d)). MCP-iPr
TiX 4.2 A (Figure 13 (W) Th b L HEE S 472, MCP-iPr O, 5 TNOA A RN XD
SINEET D Z LR ENTZ, ZHuE, MCP-iPr ([ZfEE LT\ 5 iPr EONKREEIC LD, o
FUROBEPHTOENTWAENLTHDHEEZXLND, ZO@EM LA A Uxic, %<
DIKMA F KT 5728, poly(MCP-iPr)DIE ) NE L DRBKEZIER LIZEEZ BN,

5.5. BIK ANLTRAREZ A LR Y = —poly(MAPS) D /K Fii K & D E

YRR T 2= EEATDHHRABRXE A B R Y <~ — poly[isopropyl (2-((2-
(methacryloxy)ethyl)dimethylammonio)ethyl)  phosphate]  (poly(2-methacryloyloxyethyl choline
phosphate), poly(MCP)) D/KFIZEE) & b3 572D, AR Z A VHIR Y <~ —O poly[3-(N-
2- methacryloyloxyethyl-N,N-dimethyl) ammonatopropanesulfonate)] (poly(MAPS)) (Figure 8)D R~ 7=
EAEEDSCOMEZIT > 7o, BOEE T8 Ma= 62000, 7355740 My/My=1.20 (FHH, 2016
FEFREY Run No. ST43)D Poly(MAPS)/KIFIR Z 7 L DSC B AWNIZEE L7z, ZhZEhotL
WX AR FEIEER ) — FORX—TUF S, TILT7 7y bR b v E S &2 4f1F7-, DSC il
ETIL, 50 °C 7> 5—100 °C ~#HE 5 °C min™' CEIR L7721, 10 2 ORFFAZFET 50°C £T5
°Cmin"! THR L7z, ZDk, B/UWTIERSIC/REABT, HZTF 120°C TEAL 72, INEZ &
DI LT ERE KOG REE Lz,
Figure 14 |ZF / = —H{7Y4 72 0 OFE/KED Ny=0.00,1.80,7.76,10.9 35 LT} 13.0 @ poly(MAPS)
KEEHR D DSC MifgZ 7~ L1z, Z4uH D DSC HiIARIFRMIETH D, Nu=0.00 & 1.80 D& X,
DA, BN - BENIRO Lo 72, Nu=1.80 TIIETOKLG THRARBFK TH -7 &
B2 OID, —JHF. BIKE Nu=7.68 OFERIER TR AT X 25BN T, = —58 °C 1238
Hiu7=(Table 1), F£7-. FHRIBFED T = —42 °C 1T B AH 34 U, IRIRFESE B S 1
7o TD AHee D E— 7 KL RS0 7IRTH Y . =50 °C 725 =20 °C OFEPHICAF(E LT,
ZOIRIRRRIZE L D . FRKOFFEA RSNz, e T hy P E =2 T =-11°C T
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95
BMENEL Z 0 . AHp O IEMEOWENGR SNT-, 25D AHn & AHe 735 poly(MAPS)?D
B /K SN Ne=1.13, HRKE Nes=0.80 TH Y | KBTI REAK(NE=5.75)TH 5 L HT S
7= (Table 2 @ No. 19075B, Nu = 7.68 D Ist A ¥ ¥ > DE), FFHAIZIE AHe + AHee & AHm D
HEITHELLRDIETTH DA, FHTIE AHL DF N K E D> 7= (Table 1), = DAL, (KIES
e U D IREHIPH TR =2 7 A U NEdE LTV D 2 22XV | AHe OBRLE & #& T O3]
MR Z LICEDAETTWDE, ZORD, X—=R2AT7 A4 VOMIEEIT I VNENSH D, 4th AF
¥ Y ORHFER - FHRBE-10 °C/min, HENRE-120°C TRIEZ1T o7, BHRIEBEE COREMIERK
D AHAFT/NS LK 720 | FHRIBFROD AHo BRE S 7e o7z, G/KE Na=10.9 & 13.0 TiE, FEiEH
FED To=-24°C IZHESIEA,. FHRIBFED Tn=—2 °C \ZEESBIH Sz, Z AUtk owiss -
AfE L ITWVIRE Th o722 00 b, BRADBEZ S OFIETHEEL TWDL Z LRI LN T,
IRIRAS AR5 7K & Ny = 10.9 TIZBLI S 7L 72703 2 7228, Nu=13.0 T S 7z,

5.6. GKT =A MR U~ —poly(SPMK) D /K Fizk £ Dl E

AJVIR Y %43 5 3-sulfopropyl methacrylate potassium salt (SPMK) O 7R U ~—"Tkh %
IMﬂWMmG@mw)@Kﬁ%@%%&ékaJMﬂWMKMD%%%Eﬁ%(ME)ME%
1To7-, WEICIZETBE)Z 1 /VE A atom transfer radical polymerization (ATRP) TH&hk L 72
poly(SPMK) % FiLEIZ L 0 HEL L 7= UEL 2 (M= R, Mo/M,= R Z Rz, JEiE ki
DRNE & FRRITAT » 72,

Figure 16 |2 / ~ —H(7 & 72 V) O F 7K B Ny (water mol/monomer unitmol)=2.2, 3.1, 4.1, 7.4,
8.3, 9.4, 11.9, 149, 155, 19.7, 22,9, 544, 66.3 %} 70.8 ® poly(SPMK) 7K DSC ih
AR LTz, 246D DSC HI#IRMIE TH D, bt ERURE To, RIRAS S AORE T, Ml
FRIREE Tn KOVENHDE—7 O NV E—2 0% AHe. AHeeo AHn 28U L7, G7KE 7.4
TIERRIEEFE T —52 °C (TR b 28U L, BIERIE S 417z PSPMK KK O Tl b/h S
WEKE TR L Z 7R Uiz, SRR TlE-44 °C ITRIRREAERR, — 13 °C \Z@lfig 2 8L L 7=,
RIRFE IR D B — 7 135 K& 4.1 & 83 LRERDIRER TBIHI Sz, BKE 119 £ 149 T
ITAEAGIREE DS 15°C 572 0 | RIERESERC D BKE 149 ZEICBHl S ieo Tz, BKE
22.9 TIFAERLIREIZ—23 °C TH VY . MKOFERLIRE CTH 5-21 °C ITEVWVEZ R LT, il
i ' — 27 13-3.17 °C TS, G/KE 19.7 OFMEE— 27 X0 MiKICIT O R E 28 LTz,
Figure 15¢ (Z poly(SPMK) D/KFIKDHLD 7 1w hER LTz, () 1XHE L7222 TOEKE
EEATEY, (b) TEKEO0ND 25 ZILK LK E /oo T D, Kl & fithhic 1L SPMK £
==y NV OKGTOMEEER LTz, HHEKIE Ne (Free water) . HRIKIT Nes
(Freezing bound water) . /R#H{/KIX Nxr (Non-freezing water) &£ L7z, E/KE 2.2 715 4.1 Tl
ARHOK & DT 072 KRB BM S iz, BKE 74 ZEICPEARDZ Bl EKE 119 £
TEOEIFTIEM LTz, GKE 14.9 DIBRIZ B BAKRPER LIgD, KR —ELRoTnD, =
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AT 119 FTICBI SN P RIAIZE HARER SIUVED THIRFEESNL L LTEZL TS
72O THD, HHAKITEKEOEIMZENEMT 2@ M 27 L, NEAKITEKE 229 £ Tids
BLE-ETHoT=MN, 544 R TIIE T 2 M 2R LTz,

5745 A F MR Y ~—dh D KFIKD Eik

KENEDR Y ~—DmHIDME S DSCHEIEDMHE & LT STONRY ~—DE /KRB Z TR L,
DSC E/PIZE A L7z, DSCHIEZIT o7, e ¥ #RIRESE 2 HVT=iE 20 °C 22 5-100 °C
(25 °C min™! O THHEI L7z, —100 °C T 10 SR L 72, ¥&IZ, 100 °C 225 80 °C £ T
5°Cmin”! OFE, 0.5 OV 7V v Z M CHIE S E2,

DSC IZ X o THIE LTz A F MR U ~ — 0K FIk LA & el L 7= (Figure 18), NH/K&ED iR
X, REWVH DG poly(MPC). poly(MCP), poly(MAPS). poly(MTAC). poly(SPMK)DJIHT
bole, TOXITBIEA AR ~—DARFIKOEN, —MDES FEBRE LY 2D,
PEA AR~ —D NG FHICEL DA F Lo ThdEEZLND, T, it
& LTA AV ERICIFET D KIE, FFE- P T EERIC L > TR A A8 EFE bR
L2, RNEkE UTIRES SET 5, PolyMPO)LY VBT =A L LT = LA F A
YO2REHDA A EMEHIC LD, ZOMGTOA A VL OKPHIESND, TOKITEA A
VEBRSHAEERALTWD D, REKE LTREES . —J7, —liohF4 o WEy 7B e
® polyMTAC)DIBEIZHEA L TWA DI, TV E=ULDFF L 1 BHEOALTHD, TDI-
D, JAHOK~DEI T NE < ARFKOEIZE D D720,

BEA AR Y = —DRHIKEDFFNEL, ZWIEIZ poly(MPC), poly(MCP), poly(MAPS) T &
HZENHALNTIo Tz, ZOFRSNE, WA AN EDRESE L TWANIIEGFT S EE
ZOND, DFEY MMEA AU PEEE L TWDHIEE, EOJE D IZKBENL T & 52203070 <
20 ETeA A OBERBAEL SIEHA DK F~DEI 130 7el 125, ZDT, RHAKD
Bsbia 725, Jang HITSFENFET I 2 b—2 g K0 PEA AL D AVIRARH A v
EANRF L RE A o ENENDEEMEZ R L1230, ZIVIRARZ A DI F A ANEOERR
T &7 =AU MEDOERIRF OISR EZ RO D & A A O BEEE N-O 2% 0.5 nm T
HNAREEEZ BRI L, B ERA LTS I EWRENT, —FH, HIVRFIRE A D N-
O OENVESAMBAEIZIIAE R A A X OHHHTIE <, S/ LTV RNWZ BRI LT, Jiang
SIXZOBRE{RA A OBMEEIEHTHZ LT LI, 7TUE=0 A T4 OER
FEIEIX 3.0e/mm’, AR UEET =4 Tli—4.5emm?, HARF VT =4 TliE-53e/mm? TH
LHERDONIZ, ANVEREAL DT V=T LT AL L ANVKRUET =74 OEBEREED
HSHEDZEI NV R X LRI AV OBFE LV /INSWNED, ZAVERY A VEEAE LT VDT
X EBEIN, MAxT, FARI L2V OV VBT =4 OBHEEIT-3.0 enm® &
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kKb, BIESMHEEIIRD SN TWRWA, BF A & T =4 OBEREE DM HEA
BELWED, B RATHIEMENEN TS, L, T OHER & I3 IS ARFZE DO 5
TlX, BABRRHE A HD poly(MPC) & poly(MCP) D R K B ALK RZ A U ALD
poly(MAPS) L 0 %< | RAMANKRL A L L VFERLHTH D Z E WA ST, fHHEILZFIC
EHHEM L —Ba STV, RAEFIGENRH D720 THDEEZDLID, TV
T2 b—va T REREICB T 2SR E ORI 1R 051 1) « K655 O5E
RBCEE 2 SR DTN D, —J7, DSC HIE TIE5F DOARELE A4 B4 D Z LI TERY, BKR
U~—%-100 °C [ZHHAIL, WK EABUKEERE L, ZOMMELAREEIZBERT 2 & IE
T5ZET, MENICA AU ORGREEHEL WD, FFE RE LI T 7 Fahi
poly(MAPS)(Hfifi7k 1 CULHE L TN D A3, —J5 T poly(MPC)id & L7 2 LD = & e
FHERIEIZ L VAL S TS 3, 2T poly(MAPS)D A LR Z A VAT OEEMN
W=D THDH EEZ LN TS, £72. poly(MAPS)KIEIR DENSEEGELIEN D . poly(MAPS)
ITHIKHTIREE L TV D Z e STz 3%, —J7, polyMPC)IFKIZHEMRIETH D, =
N ANVERIA NI VRS EELTVD Z L DFERIFEETH D,

AR HIEMPC GH R Y ~—0 DSC JIEZ1TV, £ OEKEEHTIEZ < O HHAKNFET S
R LT 30, 2O & N7 FRE O KOS Z T, poly(MPC) R ~D & > /37
HOWRENIME S ND ERB L, LML, RIFFEOFER TIX, KF1L 7= poly(MAPS),
poly(MTAC)F L U poly(SPMK)®D H Hi7K & &L U | poly(MPC)?D H Hi/K &I 7o 7o, A HIE
TFNAL T Y L— NBMA)DBKMEL= > N & MPC OBUKMEZ = h &b 75 ILEAK
\CKEEG EE, ZTOKFKOMELE E & L7 (Figure 19), O HHB/KD &L, #HAktE=2=v |
2% acrylamide ¥ 7213 N-vinyl pyrrolidone DILEAIRDIGE L it L TE W2 & B ST,
Zo X5z, ARLDOHESRIZIE MPC LSO A F o Ma=y FRZEATHRNZD, K
ot L — R DR8N NI L EZ BND, £, AR D OWFFETITMIA L 0 KIR Tt
R LTS F KRR STV D2, FEKEEEL THRW, ARLAHBKERILL
TWDKITZHFRHIK L BRAKDEFH, TROBEFEKTHD LEZXLND, ZORIZED . A
HAKDEIGNEERELIYD Z ABL N TV RICHEERLETH D,

5.8. JKFIK DR & B Rl o BLR

Z 2T, KRKOFER N HRMECTE 2K E R Y ~— L OFEMER, ERMNEMA, LT
MR ZRRNBIG TH D ATHIRO MR & OBMR AR 5. DSC IZ X 0 HIE 7o KFko
FHRR & BRI Z2yfauviE & ORIZIZI I L& OB b7z, Figure 20 ORI AR DKy
FEBNa D20 3 F DL EDORPKEZ LY | 4ATEOA F MR v —DEER LI, b0
RV ~—%RBIZ T T 7 N LTeR Y ~—7 7 VREORKEEEMA 2 7 Z 7 Offtic sk L
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7o FEA A UMEE ST D poly(HEMA)R® poly(MEA) T A A @1 & 0 . fafngKEN D7
W2 D ABIR DD 7 < R 23 @ MBI ASFR 8 B AT, A A UMD poly(SPMK) X poly(MTAC)
FIEA A MR ~— L RIRREORNHEKETH SH05, 10°LL F OIEF IR WEEfif Th > 72,
AT RY ~—D 3FEOARHEAKIZEL Y Z | poly(MPC) & poly(MAPS)D#fil 4 1 XKV Ml T H
ST, NHEKRNZNEEMAPMET T2 2 L OEBIE, RBKDO X HIZRY ~— L < fRAAE
™2 KN 5 08, K OBEAARDS L 0 IEIR S AL, KFIVEDR 20 b THDH B2 HILD,
FoE, BAKRIT D, ZRAXF—WRRENRRELS R mERET N6 THDHEE
ZHND, LML, a2l UARART = — MEMEA 2R Y < —0 poly(MCP)D RBHIKIZZ A,
BEA DS 34° L BVMETH D . BISAIZRAIE CTh o7, ZAauk, HIBRmEDO A Y 7' e ez
FOTTURKFKLIZS K o TV HEMETHDHEEZBND, ROETIE, MM ERL
PE% RFEUT U DB T o 2 oA T & /K Fnzk O B % 353m L 72,

5.9. IKFNKDHARL & FeA TN D LR

Poly(MCP)Z [fii T D SEATH#EIL, poly(SPMK)Z i L ¥ b EUFE < VAN 5 Z & A8 3 HiC
TBIH SN, ZOBEMEARTED DSC JIEICL > TEEINTAKFKENLELET D, Mk
A F AR Y < —O poly(MPC)=X® poly(MCP), poly(MAPS)IXE / ~—HANLH 7= 0 ITHES LTV
DARFIKDY 10~12 53 FIFEL, KD 78 075D Z L BH LN E oz, ZhITxEL,
poly(SPMK) [T ARHK 2N 4 43 TREE T, FRIAIZIZIEFIE Lo T, o T BkEA A AR
U~ —3KFNZ L W ZEL L, poly(SPMK) L U H KRER- v XL E—Z{LEE T TNDH EEZX
BIb, RHEKENZWVR Y ~—iF, Kl 2L E—BLBERZ N EEZ BILD, DSC D
Kb BNT-ARHARDKFIORNZTH D EMREL, BV ~—DA FMEREE 1 I3 5K
T DOENERORFIE) 2 RD 5, Z DOKFIHE van der Waals 80> B BEGIIZ KR D720 T DK
XIERKIT, AT WERENO LK T E THBEZ RO D &, Kfn=r ¥ v —2{b&%
BHTDZEmTE D,

W77 ORAMIZED D H 5 —DDRFIZER L, H4E TR L OIZT7 7 VEBIC
KGFNRET DL 77 VHITERICEEIZ ST, it be B —HBERP4AEL D,
—J7 . poly(MPC)=X° poly(MCP)IXHz IR A & /K HEHEIARMR IE~EAT T 5 &, P L T 3 1578
DIEZALNAET D, ZHUSH LT poly(SPMK)DIRIEZALIZ 2 (BREETH D, 2D &b
poly(MPC)X® poly(MCP)IF/KFIZ L W KRERBREMNEL, = hrbE—HELREWEE
2 HiLD, HE> T, polyMPCYIKFNZ LD AH FfG & 7T S EIZ K D AS R HHE S 4,
TR F =R EAG 1T NI hoTc B2 HND, ZHITLY | poly(MPC)X poly(MCP) 7 7 >
RENZTKOTNDAEL D L&, ZRAF—HRIZ K D4U OZEAITA 72 < KO FATHEIIEIT
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BERCHME L7zt B2 bND, —Ji, fEEKDD 720 poly(SPMK)EI/AKFINC X 5 AH FIIFF 3/
SWVA, TIVHOMHIZ X545 BEDNKEWTZDAG OELEIZKE WV, 2O,
poly(SPMK) 7 F S FE M TOKDIENIFIKR X 7o = R X —HER A, AU BEBE Sh T\ 72
B, polyMPC) L ¥ HBWEATHIEOMEBHE Cho7o L EX bD,

5.10.

TRAEBEBEFHDSCOMEIZ L DA A RS T OKFIKDOEREEZT>To, R ~v—ITHkx
REIGTKE G FEEKREZ2FR L, DSC OIRR L ONFRIBRICH T 2 REmER £7-1%
A= 2L E =2 G REUK, K, BRKZNLENOEZE R LT, DSCHIENDH
poly(MPC)X° poly(MCP), ALK H A LHIRY ~—T&H % poly(MAPS)IELE / ~—H L H7- 1
IZHEA LTV D AREHAKRD 10~12 3 FAFE L, TRIKS 78 0 FHD T LBHIbMNE ol Z
ALK L. poly(SPMK)IEATRAKDS 4 43 TREEE T, FRIAKITIFEFE LR Do T, - T, Mk
A AR Y = —13KFNC L 0 ZEN L, poly(SPMK) L W & K& Ze= o Z VB —2{k &4 LT
WhHEEZEZBID, —J7, poly(MPC)X poly(MCP) I XHZMEuRAE > B /K H P AR R~ T T 5
&L EH LT 3 FROBEZEAAE L D, ZAUTxE LT poly(SPMK)DIREZAA VI 2 5T
b5, ZDOZ LMD poly(MPC)X® poly(MCPIAKFINZ LW KEREE(LNAEL, = bt
—HEBLREWEEZOND, - T, polyMPO)IAFINZ L DAH G E 7T S RICE D
AS R DPFFE S, =RV FX —HREAG 1T/ E Do T B2 biLd, 2T XY | poly(MPC)
X poly(MCP)7 7 v RIFIZ TKRKDIFNNBEL D & &, =R AX—HRIC L H4U OEAIT D72
<\ KOFATHRITHECIZRIE LT B2 b b, —H ., A KDD 720 poly(SPMK) /K i
IZRDAHFRHI NS WA 7 T S EDIAMIZ X 2 ASTRDB KR EWTZHAG DELERITKE VY,
ZDT, B3 EOBIETIL, poly(SPMK)7 7 LKl TOKDIEIIIK E 7e = X — k%
PRV, AU BSEE ST oI ATEE O ERIEE D polyMPC) L v HiE Bl &
B2 bbb,

275 3CHk
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Figure 9. DSC (a) cooling curves and (b) heating curves of poly(MCP)-water systems. The
measurements were conducted by using with DSC-60 (Shimadzu Co.) at cooling rate of =5 °C/min and
heating rate of 5 °C/min, with N, gas flow (rate 20 mL/min) and cooling by liquid N». My is hydrated
water numbers per MCP monomer unit, 7§ is glass transition temperature, 7, is melting temperature,
AH, is cold crystallization enthalpy of freezing bound water, AH. is crystallization enthalpy, AHn is

melting enthalpy of free water and freezing bound water.
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(a) Poly(MCP) (b) Poly(MPC)
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Figure 10. Phase diagrams of (a) poly(MCP) and (b) poly(MPC) cited from reference (1). Ny is

i

oT,
A Te

(

hydrated water numbers per MCP monomer unit, Wy is hydrated water mass per poly(MCP) mass, 7Ty is

glass transition temperature, ¢ is cold crystallization temperature, and Tr, is melting temperature.
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Figure 11. Amount of hydrated water of (a) poly(MCP) and (b) poly(MPC). Ny is hydrated water

numbers per MCP monomer unit, W4 is hydrated water mass per poly(MCP) mass, NF stands for non-

freezing water, FB is freezing bound water, and F is free water. (b) Poly(MPC) data was cited from the

work by Hatakeyama, T.; Tanaka, M.; Hatakeyama, H. Acta Biomater. 2010, 6, 2077-2082.
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Figure 12. DSC (a) cooling curves and (b) heating curves of poly(MPC) -water systems.
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Continuation of Figure 13.
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(a) (b) (c) (d)
MPC After the first calculation by DFT After calculation by anneal method After the second calculation by DFT

/N\ Dowe=38A Dowe=34A

(e) ® ()] (h)
MCP-iPr After the first calculation by DFT After calculation by anneal method After the second calculation by DFT

O 10A
o Dowe =39 A Dowe=30A Dowe=42A

Figure 13. (a) Chemical structures of poly(MPC) and (e) poly(MCP-iPr). Stable conformations of (b)—(d)
the MPC unit and (f)—(h) the MCP-iPr unit calculated by (b), (f) the first DFT, (c), (g) the anneal method
and (d), (h) the second DFT. The distance Do-m. from the carbon atom contained in Me-N" to the oxygen
atom contained in PO4~ were measured at each conformation. Stable conformations were calculated by
density functional theory (DFT) (DMol3, geometry optimization, quality: fine, functional: GGA/PBE,
max iteration: 1000, max SCF cycles: 99999. Solvent was COSMO of water with dielectric constant:
78.54.), and by molecular dynamics (MD) (Forcite, anneal, quality: fine, annealing: cycles 100, initial
temperature: 200 K, mid-cycle temperature 500 K, heating ramps per cycle: 10, dynamics steps per ramp:
100, ensemble: NVT, initial velocities: random, forcefield: COMPASSII. Charges was used current values
calculated by population analysis of DFT).
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Figure 14. DSC (a) cooling curves and (b) heating curves of poly(MAPS)-water systems. The total water
amount NH were 0.0, 7.7 10.9 and 13.0 water molecules (mol) pre the monomer unit (mol). The glass-
transition temperature Tg, crystallization temperature Tc and enthalpy change AHc, cold crystallization
temperature Tcc and enthalpy change AHcc, melting temperature Tm and enthalpy change AHm was
shown in the figure. The cooling and heating rate were 5 °C min—1.

a Only the 4th scan of the NH = 7.7 mol/mol was conduct at the rate 10 °C min™! of cooling and heating.
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Table 1. Phase transition temperature and enthalpy change of the poly(MAPS)-water systems.

Bl
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Cooling process

Cell No. Scan moi Polymer, Water,
No- o1 ™08 mg T,,°C T, °C AH;, mJ

04265 1st 0.00 2.89 0.00 NDa ND ND
0426S 2nd 0.00 2.89 0.00 ND ND ND
19075G  1st 1.80 3.27 0.38 ND ND ND
19075G  2nd 1.80 3.27 0.38 ND ND ND
19075B  1st 7.68 218 1.08 ND -57.0 32.0
19075B 2nd 7.68 2.18 1.08 ND -57.5 32.0
19075B  3rd 7.68 2.18 1.08 ND -58.4 28.3
19075B  4th 7.68 2.18 1.08 ND —65.5 22.0
19075B  5th 7.68 2.18 1.08 ND -57.4 29.5
19075H 1st 10.9 2.13 1.50 ND -24.5 22.6
19075H 2nd 10.9 2.13 1.50 ND —26.2 22.2
19075D 1st 13.0 1.80 1.51 ND -26.4 27.2
19075D 2nd 13.0 1.80 1.51 ND -26.4 27.0
19075D  3rd 13.0 1.80 1.51 ND -26.1 26.7

Continuation of Table 1

Cell No. Scan No. Heating process
Ty, °C  Tie, °C AHee, md  Th, °C  AHm, md

0426S 1st ND ND ND ND ND
0426S 2nd ND ND ND ND ND
19075G  1st ND ND ND ND ND
19075G  2nd ND ND ND ND ND
19075B 1st ND -36.0 37.6 -11.5 90.9
19075B 2nd ND —-42.1 28.8 -11.5 97.2
19075B  3rd ND —-45.0 394 -11.8 90.2
19075B  4th -90.7 =579 52.1 -11.0 90.3
19075B  5th ND -46.2 36.8 -11.5 91.1
19075H 1st ND ND ND -2.1 28.1
19075H 2nd ND ND ND -2.4 28.3
19075D 1st ND -32.6 2.1 -0.96 27.5
19075D 2nd ND —-30.8 2.1 -0.88 26.6
ND -34.4 292 -1.1 310.0

aND: Not detected.
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The cold crystallization was shown
at Ny = 7.68 mol mol'.
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The cold crystallization was shown
at Ny, = 13.2 mol mol'.

@ Non-freezing water Nyg
A Freezing bound water Ngg
[0 Free water N

Figure 15. Hydration water amounts of (a) poly(MAPS)-water systems and (b) poly(MCP)-water
systems. The Ny is the total water amount [mol] pre the monomer unit [mol]. The Wy is the total water
content weight [g] pre the polymer weight [g]. The non-freezing water Nxr is represented by circle, the

freezing bound water Neg. is triangle, and the free water Nr is square. The cooling and heating rate were

5°C min'.
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Figure 16. DSC (a) cooling curves and (b) heating curves of poly(SPMK) -water systems.
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Figure 17. Hydration water amounts of (a) poly(MPC)-water systems and (b) and (C) poly(SPMK)-
water systems ((b) Magnified (C) whole NH). The Ny is the total water amount [mol] pre the monomer
unit [mol]. The W is the total water content weight [g] pre the polymer weight [g]. The non-freezing
water Nnr is represented by circle, the freezing bound water Nrs. is triangle, and the free water NV is

square. The cooling and heating rate were 5 °C min!.
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Figure 18. (a) Amount of hydration water of ion-containing polymers measured by DSC. (b) Chemical

structures of the ion-containing polymers.
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Figure 19. (a) Amount of hydration water of the hydrophilic-hydrophobic copolymers measured by DSC.
(b) Chemical structures of the hydrophilic-hydrophobic copolymers. (Ishihara, K.; Nomura, H.; Mihara,
T.; Kurita, K.; Iwasaki, Y.; Nakabayashi, N. J. Biomed. Mater. Res. 1998, 39, 323-330.)
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Figure 20. (a) Relativity between non-freezing water amount and contact angle of ionic polymer brush

and (b) their chemical structures.
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The amounts of non-freezing water were cited from (1) Tanaka, M.; Motomura, T. et al. Polym. Int. 2000,

and (2) Tanaka, M.; Mochizuki, A. et al. Biomacromolecules 2002.
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Figure 1. Behavior and growth process of the cypris larva

AARDIEFOZ  ITHEICHE L Tl S, mEIKE LTiEKRZERALTRY ., MEKEKER
2. TV RS A R R RO EEM D REINET HZ LITL T, BUkE
KT, WHEVRICT, HASREE - BRI EOA ENE L TWD, WREREY O
EHRFIEIX, ZNETHBEBREIE LT RY 7F VAR (TBT) IZREINDHEA LEW N T
WS TN Y, LaL, BENOEIT 5HEA XA AU BNRET, H& BEHIC AR
HSHAET 570 EOBRBE BN ER SN D L 51l oTz, 207, AARTIE 1997 4 &
D EHEA X RAEEBEL O EFER P IE S TWD Y, BUEREIT CTHWL LTV D R 2B558E
B A FITHERALERR E V) a— U BIERO 2 FE CTH D Y, Sz &Itz K PIcRE S
DO, INOORAEMRITHFREICAECTHY . BHITKREHIRIND, EFEED T
U a— U BIER OB EEHIRK IR &V | BB IR Z 5w T — 5, BEmICAE L
727 DY RHRIR LT BBE T L, KSR OPAZE, BIREIEOBEORKE 2D, LoT

130



fH5k

BRETOAERERICAM D 22 < R ZRBIBRASRBA 2RO ST D,
U Yang BIEA T AHMEEIZ ) =AM, BFA AN BWEA A 7R EOBKMERY

~Y—HEEET T 7 ML A FORBITIEF T Y ZAGENMFE LIS WD EERH LT
67) 0 B, AR RE A RO RN A A 2 AT D poly3-[dimethyl(2-
methacryloyloxyethyl)ammonio]propanesulfonate) (MAPS) (Figure 1) 7' 7 <0t R v a2 H7
% poly(2-hydroxyethyl methacrylate) (HEMA) (Figure 1) 7 7 > ~Of &N D72 L& R L
TWa, F7o, BEGIIHR AR A VHOMYEA 42 %H T % poly(2-methacryloyloxyethyl
phosphorylcholine) (MPC) 7 7 ¥ d[AlERICATEEDZ IR SNLH Z L2 RELTWDH Y, 2Dk )

PRI RN FE B D HLH IR TZA 572N

ZERTUVRNE,

BKMEDAL MG & I

BEZT T 7 N STUARBEFR TR O EE G EIIEM L=y THPREEZ FFOR ) ~—7 7
UREEICRIRAN S D EEZ BN TWD,

Hydrophilic polymer brush

Hydrophoblc polymer brush

T CHs CHy O CHg CH3 CHa CHy
Lo- Sl-{CH2>-O—C—C—<CH2—C—)— —o-s|-<<3H2 O—C—C—(CHZ—C c L o- Sl-{CHZ)—O—C—C—<CH2—C—)—
! Hs COg(CHz)z-OH ! \ Hs oo2 CH2 = l\é3 (CHy). 3so3 ! Hs cog(ng)t-,CH3
poly(HEMA) brush poly(MAPS) brush CH3 poly(HexMA) brush
Hydrophilic monolayer Hydrophobic monolayer
—Q. O/ CH3 O\/
—o—jSi(CHZ11 OH -0- Sk{CHg)—NH—CHg -CH CH, —O—§i-{CHQZCH3
—O | O\ CO,(CHy) Z—II\@(CH2 5505 O\
e
OHUS monolayer MAPS monolayer Chs PrS monolayer

Figure 2. Chemical structure of polymer brush and monolayer

F 7Y ZNAEITERNO P RENTE A > MR EFHINDHAE X N7 Baap L, KitiRE T

HAZTBLBWEEZETAY, ZOBAL MRIIZEA Y MNEREFR L TEBY .,

ZI LT, A

FIERFICZ

(B Z N B a5 2 L THAET D, MO SRR b #K ik

W ENA X X7 1T B EE R Z & TiE T 5, Z DEYIE Coomassie Brilliant

Blue(CBB) & 03K & 721

TP 76 kDa RV 7 aF— PR O CRATHZ LI o TT7 v v 7Y

VRELTHHTES, MESNT-7y 7Y v FHEEIL, 77U ZAOFERELR L RO KR
XXERLEY,
ZNETOT7 Y RFEEBRITFEHER 2 1 RIS, BIROYEREZ LD 7 4 — b

REBR 10 L Mo 2 ik iE

FLREECEE 72 FIEDR RO BTV D,

X7 ADEEE ) HEHE LIZAEE N < 2025 5, W Crisp & Yule 1£% 7"V A5h/4E
(Semibalanus balanoides) D —WFH) 7235 J OEHZNE 2 @iE Lz ', #5613 =27 o A4
TWAHX 7Y ANEEZRSEAI TR M, VA Y ERBEE R ICHERS WAy a v
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U A VICHEINZG BT T2, v A 7 B A—=2EHWTAT—UNEEHIET 5 Z &1C X > T
IKFZEDTZIARDN D X7 ) AN EEGI S BT OICKER N2 Lc, 1979 4£0 4 A»
55 HETo 6 HEOMICHEEZ W T —HEORIEZITV, £ L THEERED 1x10° 725 2x10
SNmZITHMNT 52 AR LTz, 4 AR5 5 A EAICHNT T 2.4x10° N m 2 OFifH T
KICEL, 0% 5 ARICAMICIET Lz, 70 AS4E0—FHNFHICB T 5 EHN LR %
EEACEHE LT,

Vancso H 1%, AFM & HWTRUKME E 72l ZBKPIEICEEM Licar A R e —T o F L/3—
WZEoTT7y TV MR EORENZREL, F7 Y 2k A b2 7B ORKM
KE~OMBEMHIBRE R L 1P, BUAMORE (7.20N) & e U CBUkMERRILL D K&
EEET] 2InN) T Z LA BMNI LTc, bIE, arA R e —7 % W iis e
TIEHFX TV AOFEBEOBEEZ THT 22 LN TERWERRH LN, ZOHEIEY 37 ED
5y FAE EAE R O & BRI £ 721X IR A T D,

ZIVETOT O RS FEBRITRBHEN 2 1 FRECILD |, BROWEEL LD 7 4 —L
REBRDVEERARE L= T FICF 7Y ZZIRM L 7 2 RITERE L 7= 8K 2 BEiMesIc <
AT NTDHERD D, ZHOOHFIETRER & TR0 DT0, BiGHEBRFIZIZ L v &
e CifE/ FIERRD SN TND, L, ¥ 7 U AGEIFERE 0.5mm FRE &/ &< %
ITEPOMAERITIFFICHN ENTFREND, 7 VY RITIIL REEEPFET 5205, BA
IZBWT 7 OV RORERIIRETBIREDIT 7 YR ThD 2), 707 VY RIXEE 23
cm T, SO RIREAOEBREFED | B AV EEN L D5, BARTIEIAMNAGE 2> 5 o5k
FEICH L7, 7AREIHE L, BRICESNTWD, ZO7 5 7Y RIFHERIIR E U V#E
EKTHLIN, TN THX 7Y AEDOKEE 0.8SmmETH WV EEN /NS VW EPEEIND,

Z 2T, EH S v — 7 HEEE(Scanning Probe Microscope :SPM) D —& T & 5 JF -8 /) B EE
(AFM) (2 H L7z, ARM (38508, PREH 2 RUBRmIC EEF I Lo 720 5l B2
THEDA o F L A—DbAhEE R L CGREFREO MM EZRET 228, B FL3—0h
Uzt d 2 2 & TREFMDONERET D2 ENARETH D, S HITHREHI L FER % i
T L TRx R EREA L RBERE & OMEMERARNET S Z & b AEETH D L, EREHTHh =
BOREpaaf 2 ) AkiA% A5 2 & TEHE OB R 2 8k S B985 M A
ERZRE LT THZELARETH S 3), ZNETIans Frra—TEHniz2 o
J7ERBIOMRER R ED T+ — A —TRENTHLILTND 4-6), LIPLFT U RAGAED L
IR EE T EE T T U= ZEE/L L, BREE L THWZHEGIE 0,

X7 XD N A EAEE LI-FRITV L o0vd D, I Crisp & Yule 133 77U 2404
(Semibalanus balanoides) D — )72 (78 I OEEERE 2 #HE L7z 7). HHIT=27 n ARICAEE
TWBF 7Y ANMAEZEER TR T, VA Y EI— L7 ha R AR S
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AR a VUL YICEEIG 2T T, v 70 XA =2 EZHNTAT —UNE Z i3 2
R o THEARPICEPNTZERN D X7 ) AGEZ G X BT OB R N E R LT,
1979 420 4 725 5 HETO 6 WEOEICHRZ W T HORE LTV, £ L THEERE
23 1x105 725 2x105 Nm 2SN+ 2 Z L 2 R L7z, 4 AAID 5 5 A EAICHT T 24x10
5 Nm-2 OHEPACTHRARIZEL, TO% 5 A RICAMIIK T Lz, 7Y 2AEO—RIf 512
BT 2 FHIAT % & EIICEHE L7,

A 7 1 — 7 B EE(Scanning Probe Microscope :SPM) % N T & 7' U 254D RS ) 4 [BLHE -
ERBANCTHET 2 HEERF L D, 7hH 7OV RE 7Y 294 %2 AW HIE Tl BukiEE
O FREFEIC )T A EEE NI F 7 U AD Bl & & HITHM L, ABRE#% 15 B225 20 H TheKk 30
uN FREE 2R L7z, 24U Crisp HIC kD57 VU ZAGEOAFE N Z2HIE LiZE W e R4 —4
—DEER LTz, — )5, BUKMERY ~—7F 20 PHEMA 7' 7 VREICKH T 585 113 —E L
NSz R Lz, [FRRIZ, BUKMERY ~—7 7O PMAPS 77 VEH b —E L T/hE72
WA 2R LTz, Yang HIC X 5x% 7 U 2 AEDHERBR L RO EZE LN 2 & THAK
PR =77 L OMETHENEPED THER SN, L2l 2D DBKERY ~—7F
VNC R DGR OBMEITMA SN TE LT, 77 UM L 28R LITREA TE Ty,
ZOBBEHENR Y ~—7 F VRO BERRIEICL 2 b o, EdERERICEEEICS T T
NENT=T T VROE S THHIZE D S ONRIAET D725, poly(MAPS) 7 7 + & poly(HEMA)~
7 v LD ERREE b OM FIEOMRE, B8 DNELIT I MLENH D, o FIEOME %
Figure 2 |27,

UED XS RN OARMITIE, TH7OVVRXFT IV RAZHNCTZ 7 raryFa—7ICF
TV AR T EREIC L DEEERHT DS FERERR D, 4T U T OV ARGk
ICARHERBRAIT 5. I, WEICHW D REHEROFR AT 5, BT ey T U1
JEIAR . BUKIMER Y ~—7F7 2@ poly(HexMA)7 7 3, BUKPEE Y FIEEM D MAPS H/y 1
f55, BIKPER U ~—7"F 2D poly(HEMA) & poly(MAPS) 7 7 o Ol kA5, ¥z, £87
7 BMEERANCTT B 7OV AR T R AEMER EBUKER Y ~— 7 F R EM O
ENERIR, R ~—T TN EDEXT Y ZNAEOEMHRZBGET 5,

Al2 X7 U RN ERR & AR R m T OB T E

AFRETIIINE TICER Y 7 —THEMEEZ VT 7Y RN EDEE ) & B - EEN
(RS 2 HiEEZ B L CE 29, TH 7Y RF T ZEZHNT2 HnD 3 HEXIZ 22
A %A TREEIT -T2 & 2 A, BUKMEAR Y = —polyHEMA)IZXxI L C—E LT 2uN LLF D/
S7pERE N OB ST, Yang HIZ K DF 7V A EOFERER & RO REZ G LN
ZETHAMERY ~—7 7 L OMEBBEDRNED THER SN2, LrL, ThETOHET
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FIEIF RIS L DB EETE TV,
T ZCARMZEIRER Y v — T BRSO RS 7Y A A OB E TR O fRET &
FERREIC L DB LA LT,

il R L 2R B

- A F U AHIK

AV 7 BRSO K RS (Direct-Q UV) 2 BRI L 7= b O & EH L7,

- TR IR RS A

(R B =R 7 U v— a= Uit TALEm R Ui, sl AU F4—1)
D A & kA A 1R T L7z,

ALFRONTEHEEA] (R ) 22— BIER)

THRA(E A XA A—/3=XHYPER UV A R & X XA RSt FBRAERK S Y 23— R
U~—60%., & RAE 40%)% D FE EHEH L,

« REXMEK (IR L 35 — 39%o)

B IRMFFRFEFR )N DWEEE, ZOFEFERA LD L, MK THEIRE 22%02 AR
L7zbDEFEH Lz,

T TR XTY A

BRI (FfRT) THIEAICEAE SN TWAE T I 7OV ALV BAELZX T U RY)
A 400 (A Z 28 RETE 74 LMK RIS L a2 &, S0 mL 7 7 /v 2 v F o — T IR
J& 22%00 7 16iE/K % %) 40 mL Mz HEETEER 7B Z 20 ICELD 551F, 27— A v
F 2= Z —(REE 21°C)NDHEGAFTRE LTz, Z2OHnG | JIEICIT AT 72
fEEZ A L7,

BTV TOVRF T R

BAPIRIEET (FRFRT) THEACFEABE SN TVWHEFI T O T OV RLDEAELEZXFTY
ZENAEFKT 200 fEAR) 2 AR REIE A& L2 K PIRIREISE LTV e/2&, S0mL 7 7 barFa—7Ic
IR PE 35%0D A1l 240 40 mL ANz, HREANTEBEIRI 2K 4 50 PEIRY 431F, 77— A~
Fa_X—F —(RERE SCONOELRIFTRE Lz, £oHns | AIEITIZHRATEER)72
fER A L7z,

*c AT7A RAT A

MRS (RAIRAY 7~ S111), ~Hik 26x76 mm2, JEX 0.8~1.0 mm, MBI, THEERE Y 7 A5,
A7 FEAH AL,

- T

mis (B LS >99.0%) #ZDFE EMH L1,
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« A X ) —/(MeOH)
milkdh (BAd b FE—#k 99.5%) Z#ZDOFEEMH L=,

« JE1-FH 71 BRP% 85 (Atomic Force Microscope, AFM)

NanoWizard 3 Ultra (JPK Instruments) Z{# H L, Contact &— R ChEE I EHE L=, B TF L
73—IZ Arrow TL-1(NanoWorld, & & 500 pm, #& 100pm, ES 1 pum, /SFRE# 0.03 Nm-1)%
L7z,

AU Fan—H—

7= A 2 F 2= —ICI-100 (7 AT )& RERGE 21°CTH 7Y ZHEDOREITH L

7

7Y RPED T v —T ~D[EEAL

UTOHETT A7 ROX T ZRGEET v T VAT F L= eigllEE L
(Figure 3), #1IT, PEIZHND HARZ =R VB REE A E 2 ML P RISTEEE A TR Z
A RAZ AZEE L, WIS, $EERENDOAT A KH T ZAOREIHE LT, B RIBEM
CAEAMER LN O AT =V EIE AFM ~y RZEREI R O CBB) S, #2854 OBt o
WA 200 pm DALETAT A RA T AEE TH FLAA—DET 7a—F Lz, BT L
R B AR AMANC RS B U724, 400um BH SE 5 2 LT, #EEAE I T LoD gt
HFEIH, 770arFa—TNTHREL WX U 2404 1 HKZ ey hTRILL, %
DEREZTRVAITIZATA RH TR RIS, 7 U AGERDTNIRENDLBREE T,
KaFLTA T TR ST, 2D L XX T I RNEDMZEREN T o F LN—|ZHRE e
HEDICHHE LT, ZOREDX T ZRGEICH o TF L AA—ET Fa—F L, 7V RG4M
11 OO R I HEfl% & 512 100 um— 120 pm [ N S5 2 & THAE L7, 2 ZICHIRE 22 %oifiK
100 pL & #fi7K 30 uL— 50 pL Z7EK L. 7 U 294 2 7R ifE/K 51 T 20 min — 30 min #& L.
BEER L STz, T O, ARM O L—% —% 4 7|2, MBI OE L T,
BEEROEE, BT L AS—JEDOMEITRIE 22 %K% By N TRWH L, MAKEZEY
PRz, 7 F Lo3—% 600 pm— 1000 pm B S GOICEE L7c N — 0 7 2 Al
DOIEHZBE) LT, T 2 A AKERAR, IR 35-39 %0 100 uL 273K L7z, HAIZLY
BEEDO T A M EFHE LA S Tz, ZHUC kY, 7V ANAEORFITEIN b E - 72,
X7 RGVEMERRE T T VR L OBE D ORETIZ, ¥ 7V RAYEEBIES - Rl LR
5. real-time scan F¥AE(FLERAASE 5 points-s—1)% F VT lateral deflection (V)% fidkd" 5 2 & TIT
olc, ®7V ANEDMELRN T T IS L, BERDBEE . o F Los—ich Tnag
Uiz, ZHhaADIFH O lateral deflection & L TR L, Z OEOHERMEIZ I Ui SR EE &Ik
ErRERETHLET, BEIMNEEH LZ, X7V RGERT T U REICES LIS EE. 7
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TVREMNOE I T N—% @S5 L THBEL B O U &N DEE N ZRD T2
(Figure 4), HIE DR, K= 72 lateral deflection Z R TE 2 K 512, PO L—V—DMRYEL X A
F— ROFLNSIEDHENC 11V -100 V&7 k SH7=, HIERIC time-lateral deflection T+
— M EBEAE SR, BE DA, WIEE 2 A X247 5 7= (Figure 5),

BUKMERY ~—7 T 12 L DA 5ERG IR

THT7UVRXT Y R4 (AK3) EBUKERY ~—7F 2 poly(MAPS) 7 7 & (#filifg:17°,
f5JZ:90 nm, Figure 6). poly(HEMA)~ 7 < (Figure 7) & DM O35 15l 4 A8 i 1% 22 H £ T17
STz, WE LB OVEfEE %7V 2D Al OBk % Figure 9-10 7' 2 » MR LTz, o
BRI 265 2R LTl 0 . AL dRITHR LARER 17 B H THRAK 30 pN
FEE AR LTZ, o IBIUKMERY ~—7F 2 ® polyMAPS) 7 7 L EHEICHTHE 2R L TE
D, —EL NSz R LTz, Yang HICEDF 7 U AGEDOMNERER & FEORKBREEH L
7o & THKMERY ~—7 7 L OMEITEIRP D THZB SN, L, 2o OBk
RY~—T T VL DHEDROBEIIMH SN TR LT, 77 UHiEIC L 2R &g ©
TRV, ZOBERIRNRY ~—7 ZIMIHOEREIZL D b D), EI3ERE RIS
BT T 7 NENTT 7 ROE S FHEICE D S ODMRGEET 5720, BUKMER Y ~—7 7
RO EREE A & D MAPS Hior 7 & ORI AT, 77U ZAEM B LR ORE E %
AT,

BUKMEHSy TR K DA BRI R

TATZVVRXT Y AGE (AK4) L BUKYER > 5 MAPS B O 7& )7l 4 28 78 22 H
F T1T > 7=(Figure 8), HIE L7=AE N OFEE L 7Y 2D Bl D% % Figure 4-5 D71y
MIR LTz, ol 3BUKMER Sy FIRRmE IR 24 & a2~ L TR Y, £REf% 14-16 H H THI 20
UNFREE AR LTz, ol3BKME MAPS Ly TR It D45 ) &2 /R L TR Y | BUKME 1
5 LAFIERRE DA S &R LTm, AR E A AT % MAPS B4 T A #5575 250 B 25 e 28
T35 72, PolyMAPS)7 7 ¥ OB RITE B EBAKMER Y ~—7Z 3K CEM L,
TIVUNRBEERIF L, TV ANENKET D8E L T EBRT T HNEICA D IAD T
MELICKLK R ETHLNATND EEZIDBND,
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AL3 fiEFm

X7V AGEE AFM Ve —TIZEEL, R ~—T7 T L OREENENE Lz, WA A
RS, IV AGEO R EE T D Z LB O NI ol AR, WA A
B TR AKFRBIZ H 5B TH D EEZXOND, o, ANVERZ A T 5 MAPS
By IR & O Ll h~ B | poly(MAPS) 7 7 o DBIGRNRILE B EEBUKIER Y ~— 7 7 2 vk
FE L., ALTREE LS TWDHZ ERH LN -7,

2 30k
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Diluted seawater

Salinity 22% Sea water

9 o0 o |

Temp. 21 °C &h 35%o
i -
S | e—— Sea water \}
) o 22%o
Cantilever E s
1< -
e _’Iﬂl e e )
Cypris Press for 20 min ‘
Glue PrS monolayer surface
Sea water

Figure 3. Immobilization of live cypris on cantilever.

orec— —(CH2):CH3

CO5(CH3)2—R

PrS
a Polymer brush
(@) )
Cangever
“—— Tentacle
= Live cypris
— Slide glass in salinity 35 %o at 23 °C
500 pm

Figure 4. (a) Microscopic photograph of live cypris-immobilized AFM cantilever and (b) Schematic

images of adhesion measurement.
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Figure 5. Typical time course lateral deflection profiles.
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7/05-7/26 Poly(MAPS) brush PrS monolayer
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Figure 6. Histograms of adhesion force F between tentacles of cypris and poly(MAPS) brush surface or

PrS monolayer surface in seawater (salinity 35%o) at 23°C.
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Figure 6 continued.
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Figure 7. Histograms of adhesion force F between tentacles of cypris and poly(HEMA) brush surface or

PrS monolayer surface in seawater (salinity 35%o) at 23°C.
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Figure 7 continued.

142

fHi



10/11-11/01

MAPS monolayer

PrS monolayer

Age: 1.6 days
(10/11 15:31)

Age: 4.5 days
(10/14 12:08)

Age: 7.5 days
(10/17 13:09)

Age: 10.5days
(10/20 13:07)

Frequency, counts Frequency, counts Frequency, counts

Frequency, counts

20
15 | i
10-__ -
5 F i
0 T.lil...l.....l-
0 2 4 6 8 101214 16
Adhesion force, uN
20
15 | i
10 | i
5| B i
o FEHH —h....ﬂ.—
0 2 46 8 101214 16
Adhesion force, uN
20 T
15 | i
10 | i
5k - -
0 2 46 8 101214 16
Adhesion force, uN
20 T
15 | .
10 | .
5 F i
0 BB

0 2 4 6 8 101214 16
Adhesion force, uN

Frequency, counts Frequency, counts Frequency, counts

Frequency, counts

20

0

20

20

15

10

0

20

0

= I

0 2 4 6 810121416
Adhesion force, uN

TT T T T T T T T T T T T 11T

Al

0 2 46 8101214 16
Adhesion force, uN

EH:lu.r 1111

0 2 46 8 101214 16
Adhesion force, uN

]

N N T O O O O

0 2 46 8101214 16
Adhesion force, uN

fHi

Figure 8. Histograms of adhesion force F between tentacles of cypris and MAPS monolayer surface or

PrS monolayer surface in seawater (salinity 35%o) at 23°C.
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Figure 8. Continued.
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Figure 10. Age dependency of adhesion force of tentacles of cypris(AK3 salinity 22%o) on surface of
poly(MAPS) brush in seawater (salinity 35%o) at 23°C. As a control experiment, adhesion forces on the

surface of hydrophobic propylsilane (PrS) monolayer were measured each force measurement.
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Figure 9. Age dependency of adhesion force of tentacles of cypris(AK2 salinity 22%o) on surface of
poly(HEMA) brush in seawater (salinity 35%o) at 23°C. As a control experiment, adhesion forces on the

surface of hydrophobic propylsilane (PrS) monolayer were measured each force measurement.
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Figure 11. Age dependency of adhesion force of tentacles of cypris(AK4 salinity 22%o) on surface of
MAPS monolayer in seawater (salinity 35%o) at 23°C. As a control experiment, adhesion forces on the

surface of hydrophobic propylsilane (PrS) monolayer were measured each force measurement.
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Figure 12. Age dependency of adhesion force of tentacles of cypris(AKS salinity 22%o) on surface of
HEMA monolayer or MAPS monolayer in seawater (salinity 35%o) at 23°C. As a control experiment,
adhesion forces on the surface of hydrophobic propylsilane (PrS) monolayer were measured each force

measurement.
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Figure 13. Optical micrographs of the live cypris larva on the tipless cantilever: (a) the whole body and
(b) the adhesive discs (the tip of tentacle). These bright-field images were taken in seawater at room

temperature (23 °C) by an inverted optical microscope equipped on SPM unit.

Figure 14. SEM images of the cypris larva using NanoSuit® method: (a) the whole body and (b) the
adhesive disc (the tip of tentacle). The secondary electron was detected at an acceleration voltage of 15
kV, magnification of (a) x100 and (b) x1100, and a high vacuum mode.
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A droplet of EMI-TFSI (2 pL) on poly(SPMK) brush/FAS line pattern (10 pm/5 pm,
brush thickness = 39 nm) dyeing with methylene blue at room temperature 23 °C

in relative humidity 30%.
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A droplet of 2.2 wt% methylene blue water solution (2 pL) after dyeing by 3.6 wt% Acid
Red 1water solution on poly(MTAC brush)/SiO, line-patterned surface (5 pm/5 ym, brush
thickness = 127 nm).
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(1) Tanaka, T.; Fillmore, D.J. J. Chem. Phys., 1979, 70, 1214-1218.
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