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1-1 &7 vy RAEBLEMORE LA

7o RRTERETOAMIEAWIL, RE -7 v EEBESOMEEICER LT, 7 vFEb
BRALAMICITEBR TE RV E 2R3, 2L 21X, C—F #&1L C—H #H
L0 LG RNF—DNRENTZD, &7 v REREEWIRALKE LAY & LT
VMBI R EMNZ BT 5, 70, IRILKFEOKFBR 72T _XT7 v RFFICE X
AT NR=TNFaT F M (R 26T 20EWIE. D TRWERR KR &
5.2 % (Table 1-1), Z D72, HEAITHEARBEMMES 2 53 2 i SOE A S E e
Fl7p & & LT, BRAWKFRILEW TIIARBER SR 2 2B L. TEMICH MEARAT X
B L TR S Tn ol

Table 1-1. /X— 7 VA v 7 XL EY L R KFELA W 1 O i 3R ik )

Structures Critical surface tension
(monolayers) /mNm!
CF3-CF»- 6
CHF>-CF»- 15
CH;-CH,- 24

ReFEZ AT HIAEMIL., —RKICT b 7 rducF Lo Z2FRE LTHELND U Z
INFdrd— REZ AL, SBIZT N7 70t n T L ELNSELTr A E
—vavickvEonsavfbi—T7ata T d L (RA) FEAE LTHEINS
(Figure 1-1) U2, W TC R DI UEMALOEHIZ LY, SEIERERENEA S
. T2 R T~ B nDd, & <ICEH Re B2 G T 2LEWILE
WK OMEREZ R L ISHBNEZIEIZ D72 553 T T2 6 DIbE s
BlZ 5 2 2 ERENEME L L TV D, B ReEZHWTICEOHREEL BT 5720,
W72y FREHIIED R E 7 v #EEM ORI RO LN TN D,

F F
n >_<
N I, IFs F F
>:< > CF3CF2| > CF3CF2(CF2CF2)nI
F F

Figure 1-1. = V{b/X—7 1A a7 ¥/ (Rd) ORLGESHE



1-22 RN=unrFurTriiEk (RE) 2HT 585 HLeahossE L vk

EEZERWEOEE - FEIZI T D WEN R OO 2@ OIS 5 2 L,
MELOBREZ FREHT D ) XA T TEHEETH 5, =747 A3k Rei) 248
T 2B E DD TRABRI 2 BRI K OME PRI 2~ 9 2 L0 B, R - Sl OW)
M2 RESESEDLZENTE, KEBEZZDRA QOB TISH S TWDHU, B
BHoBIcB1T 5 Re AEHEMOICHICE LT, Kb EERSBFEO—2ONE 7 vH#EE
DT THHE, LI, ReFEEAT LAY ~—1F, BAKEIME, SV LR ESE, K
BRI, (KFEERR L, 7 v BRIV v — LITRE B DMEEZHEITH, A =
FLUOKERFPETT7 v RRFCEIWZ ONTEEEZAET LR T M7 704
rTF L (PTFE) 1%, Re\bAMDORFBEAWRE THELERY v—L BT &
MNT& 5, PTFE (35EM L 260 °C £ TOMBIZHIMZ D D &b TEWARENEZ A
U TS FERE A Ve AR EE (KR H B =)L —70 EORER 2 M: % 713,
Lo, AlEsE < e OB O RETH D720, T IFESISAGENR SN D,
ZHUCX LT, REREEMBICET D (A¥) 727U L— NI, ot/ ~v—L Dk
EABLOZIUCTE b7 ) WIEOHITENAHETH 5, 15 5 AL D EARITIN TIE-CwE iR
2N D D %2, PTFE (FRHEHBATF/LX—:18mI/m?) LY HIEWERE BT RL¥—
BHZ, OO TEWVEAKBEBMEZERCE W, -, WBNRE T vEES LA
Y DRFHET B 2 @V MEFE L ENE, AR AEE, REITR, SEAER & OB %59
LZELARETH D, INOLORMMNS, ReEER (A %) 727U L— MLEWOES
I, BERBEMAIS, SeEprplel (KA —T ¢ v 7RIS & RIS IR ST
AR

R
ong-¢,
c=0

-{-CF,—CF)- ]
¢
(?Hz)x R=H, Me
Rf Rf = C8F17, CGF13, etc.
PTFE Fluorinated poly(meth)acrylate

Figure 1-2. PTFE B L O'REZ AR Y (A ¥) 77 U L— KOk

ReFEZBICAHTHRY (X F) 727U L— M, REROISHOMm RS BB
DFALEHTHY | FEE L EREOMBICBET 5 S E S ERMIEN RSN TE T, ReEEHE
HRY (X&) 77U b— b OREYPEITEE Re D RFLHITIR S AKFET D), Katano
HlIX, MIEH Re KO RFEFD 8 L EIC72 % & AU ~—HEEOBE AL A R EIZIB W T
KOBIBEMANEZE L REL DT LA R LT, RFEE 8 UL DR Re H 284
AT DRI ~v—0F L < @WK EL R T ERICOWT, Takahara &0 7 /L— 7%,

3



AU~ — R OB A E K ORERRTIC X 0 BB MGEZ T > T\ D, T2 & ZIEAR Y
77U L— MZBWTIE, I8 R FEDRFED 8 LLEORY 77 U L— D3/ UL 74k
BE CHE M DA G 2 TR T2 = L 10 L V0 L T8 OEBPERNER S . B -8
P AKMEZ RS (Figure1-3) 19, Z U2k LT, I8H ReZEDIRFED 6 LL T OHLEIX
AU v —NIERMEOREIEZ AT, KEOFEMIC X RO FELSINEZ LT Wi,
BN E LSIET T2 ZEZ2HOMNIC Lz, £ RFEGARI AL 7Y L— |
DOEE b ReFERFBEDN 8 DA IXERRETT A Z RO EmBFHEE Z A L, HEIC
BWTET == 7% 2 &I28Y Re EORMBFA S HIZm ELT, RWEHE
B =X —3 KOEWEI KIS ER S LD 2 & 2l LM, 2 b o fl
N, ReFEEARY (AZ) 7270 L— hOWIEICIE Re BORBHICE 72 5 MIgHD
EENMEDOEMNRESEET L LR D,

(a)y =8
Crystallization
Ry group —» Contacting of water
Spacer group #
Carbony] group
Main chain
bR<y<6

No crystallization

G —

(y=2
No crystallization
/—J%

Carbony| groups are exposed

Figure 1-3. Re EZHAR Y 77 U L— N OEAKRIEHE & B0 KMEORBLE T v (SR
[101& v 51 )

EH R ELZATL2HAEMO ANV REBICBITHEAIEOA T =LIZEHL T,
Hasegawa © |3 J& 108 1-7 L — (stratified dipole arrays, SDA) ET /L EE L7-, &K
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ETVTIE, RFEEND 7L ED ReEDAFBICELG LI DT EEWHALTND, Rk
XBEEE 5 CF BB O SRR ICER L CHEAROR UG E & D, CE A2 7 #
F7IT 9 EE e o 72 Re AT, REGISALET D CF AR £ EZ11 90 °, 120 °Aalh
Tk x &b, 20L&, CFREGORBTHOMABEEHNZ ML LT, ReENZENE
AVIEFIR EARFRICEREC 2 RTEAT L0 D TH S (Figure 1-4) 12,

a b c

(CF,)s or shorter (CF,),: theoretical 2D aggregate (CF,) or longer: Strong 2D
aggregate is expected

Not aggregate ‘“5 “ a»eﬁ
‘Molecular polar “‘g 5 aa
surface’ is opened ‘ E 1

‘Hydrophilic’ ‘Hydrophobic’

R¢ favors hexagonal packing

Figure 1-4. SDA E7 /LT L 5 ReED 2 YortE S (LmX, SCHk[12] L 0 51H)

IRHDBNG, ReFE2MEHICHTLRY (AZ) 727U L— FOWIEIZIE Re ZED
IRFEBNRE L, & <IC ReEDRFED 7 UL EOGE TR 72 KK M H B~ x
v — WK MEFEOEM AR Z R T Z L3 b0nD, o T, ReIEGHRY

(AZ) 7270 L— b OERERIUZIL, MEHOE S MRS 2 @I HIE 5 2 LS EE
ThoHrEEZIBND,



1-3 ReEZHTHILAEYH» G5 HOHBLES TIE (SAMs)

ReZEZ BT HILEMIT AN 7RIS W TR R EZ R T 72T Tl /2 AT —
IWOEEGERIZRIC L > THEWEER «- NI =— 7 2B E 5T 52 LN TE S,
Re 2 H T HILAEMPEMRREIZB W TR T 2BE R EO—2 L LTI RWRE
HHETZRLX =N 5405, Nishino b1, n-X—7 /A vz A 3t (CyFn) &5
T AR BIZHEAET D2 LITK Y RAEEWS BRI L CTHEEIZESI L, 6.7 m)/m* &
HOWHEEREROT CTROBBEWREHBHTZ ALY —%2 5252 L 2L LW,
ZXUUE PTFE OFH A M F/L¥— (18 ml/m?) & g L THERITKVVETHY |
ReALB ST FARICESIT 2 Z Ll & b 720 FARFKEIZ CF N EICEE S D
Z & TERR SIS (Figure 1-5),

c)

~lom

Figure 1-5. n-/X—7 VA m oA at L (CyFy) ZREROJEFHIBMEE (AFM) #
(SCHR[131& 9 51 )

bW & B R mICHANIE L < BEY S8, Ptz dliET 2 FiEo— e LT, BHEM
AL LTI (Self-Assembled Monolayers, SAMs) DJERKANZE T H L5, SAMs [TFFE D
[E R ZR 1 & O RGN Z AT WM LA 0 L iR CREER I L PR AE T 2R T
WA 5y 7R E DM AAMERIZ X VS ICEAR LT 52 &L TS ILD (Figure 1-6) U4,
BIZIE, TAH o TFA—ART AX N T U, TNENEERE., 71 B LGB
bR 72 EIZ SAMs Z TS 2 Z LML TR Y | S EIERFAENER T
HUABI Z oF ), LEEMTIRIA < VB D @B LA B ~D SAMs JER)S ATEEZR
e E LT, RARVEBNET OND, RAKRCERITEBRIEYER & £ 58 chahk
BEKT D&MD, HIEL SAMs TR HIFFC & 209, Schwartz &%, BT ¥ v
EMGERE~D SAMs JERIZHEW T, &7 ALEMITRMEITAFET D OH ML MUST 5
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D, RARCEREEWITEE OH £ & OSUGTZT T <. B Dp-oxo ZAETIL 2 7 1
AL L TEBITIST D72 RAR A O 8 EFE 72 SAMs Z U 25 Z
EEEB LTS (Figure 1-7) U7, HRAKRUBIEAWD 72D SAMs 1%, BRI [
BT EERIDIED, N A R FEE TR L iRIRW B TR ST
W5,

solution of immersion time

closely-packed,
surface-active substrate seconds to hours ordered SAM
material

group-specific
interactions
(H-bonding,
dipolar)
intermolecular
interactions

air-monolayer
interface group

alkyl
groups

chemisorption

surface-active atthe surface

head-group

substrate

Figure 1-6. SAMs OFE AL (SCik[14] L Y 51H)

R R R R Repeat R
g | SRl S
[o]

/ ’ | O
Silane d__o0__ o0 QLo oo p o M o
p-oxo
Hydroxy J [ [ . 1

R
H R Proton R
Phosphonic 0=P—OH ~H,0 transfer
& — ]

|E/
AN
=

acid —p
+ [ I +/
H,0 (o] (o] o [o) (o) [e) O 0
Ti Ti Ti Ti Ti Ti
[ / [ / _/
Figure 1-7. 27 AMUEW) & AR AR LAY O TiO, i 1 TO SAMs JER A 7 = X 1
Hrg

Re ZHT AWML VBRSNS SAMs 1%, 7 v ERILE2EFERVMEEY &1
7275 SAMs FTERZEE) &, ZAUT & bR O EEDORBIDFF TX 5, Pellerite H 1%, &
b7 = AR B =T v Fad 7 F L (n-CeFir ) 28T HRAR R



BEHRALKERLEZ BT DHRAR IS5 SAMs % T NZEHER S H 5412
Re A H T HRAREEDOTTH, SAMs TERLD @ Th D @ KB mMEEZ ~4 2 & %
52 L2, £72 Hoque H1X, n-CsFi B2 HTHRAR VBN T VI =7 LK

IZIET 5 SAMs OFRHHBE T R/LX—2 11 mI/m> TH Y, RILKFENO D4
7&?yw$xfy%®%h(mnmﬁ)&w@ﬁékﬁ% RN EEHRE L
(Figure1-8) 2, Z O X 912, WUIRBHEDO REEZFTHE 7 v RBRAFRCBEIX. &
72 SAMs @ﬁé:ﬂz&ﬂiﬁ%ﬁﬁ EEIZ‘/V:AF“—%_’éEET% HZ EDbD, Fio. Acharya
i, RRHEDERDE T v BRARVBILEMD G702 D SAMs OAEER ~F
AZNZBT L7 — ML L TORMZMET L, Re#HR 2 4,6,8 EHERT 51220 T
SAMs K HEICIIT 2 /KOEEAMA KT 5 Z L 2 5 I L7, Re#HE DY SAMs K ifi
DYV B AR G2 52 13, 87 vBERARBICEWTE T TR ET v ET VI
FA—IZE N THRER SN TND, Lee DT NV—T 1%, ReFEEATFLUEEHFTS
EGT7 vFET NI F A —ALEY (CF3(CF2)m(CHy).SH) @ SAMs % & # MR L.
i 2 D7 v — T YRR Z FI T RIEE A 2500 L7z & 2 A ReBEIRBEROFIG R K E <
@6igﬁﬁ%%ﬁﬁﬁkbf\H%ﬁ%ﬁﬁﬁéﬂé:&%ﬁmbm\%%VV%@
IRFEE n WA U TH HHAEITIE, ReFEDRFBH m KX 72 51T E SAMs i DIFEI
ﬁ#ﬁ?#é_&%ﬁ%btmoitJm%ﬁ&%@ﬁ%ﬁﬁk%<&é&8ﬁ7y
RTINT > TFA—/v SAMs OELMFLFR L OREEE N m LT 52 2B LI L
RS 2B OWMEFIN S, ST MR TR BMERR AT ) A — ) TERT D
SAMs MEHZIBWT b | ReEDEHE DR EFAEICBE 22 E 52, B8 ReIED &V
RYE, IRWRIHHAZ ALY =2 59255 X THATH DL Z L3brrd,

- 160
] —Fm =
o 1204
(=)}
=
(CHy),y 8
8 80
{ =
(CF,), (CH,) 3
fol
or, L S 40
HO— ?—0 HO—P [e] HO—P o]
(o] O
1 1 _(L 0 .
- A— - A— - A= Al PFDP DP ODP

I f I
(@) (®) © (b)

Figure 1-8. 5 7 v R AR U & IRAVGKIE R A AR 2l O & M UKl /4 o EL ik
(SCHk[24]1 & 0 51H)



1-4 EHREZHT AW 2 238 & REMEORE

BRI | ReFEEAT HEEDITTE L DR RIHEEZ A L, ReFEDRFBE NP KE L
72 D1 ERAKBIMMEEICRBWTER I EREERILT 5, Lo, B ReEEZET L
B, EOEmVEFRZENEITE R T 5 BREE T T O RMESS, AN 55
PERHIERHIAL CRIE L 72 > TN D, T2 & 2UE, N—7 ) Fut s % U (PFOA) 38R
BER CTHIK RPN K D g a2 H e < <0 AR (B R) IZB8WTHHEMIE 24
LMD TRV 2P EMRBREER S 5 2 EAHE SN TVWDEY, &5, b MMoxt
T 2HDBAMEDEDIL TV SBY, PFOA 124U B IR 23 S TG Ao m AR A & LTl
MAENDIEN, RFEED 7 U ED ReEEZFETHILEMDO LRI L > THAEKRT D
(Figurel-9) P23, PFOA N EREEICH- X 2O KR E I b | FREMEA G Y E B
THA Ny 7 ARV ALSEK (POPs 55K9) 5 9 [FIfERIEZGH (COP9) 123\ T, PFOA &
Z DO KXY PFOA BEE Z RSKOMES A (B ([TBINT 5 2 ENIRE S,
C7F15(C) TH 4 5 E it 2 R oAb W 03 EERA 22 B O et G & 70 o 72134,

CF3(CF,),CF,CH,CH,0H

|

CF3(CF,),CF,CH,C(0)00- ——  CF4(CFy),CF,CH,COOH

|

CF3(CF2)nCF;CH,0,° —  CF3(CF,),CF,CH,0H

|

CF4(CF,),CF,C(0)00- ——>=  CF4(CF,),CF,COOH

l

/ CF3(CF,),CF,0 - \

CF;(CF,),COOH <~—— CF3(CF,),CF,0, CF3(CF,),CF,-

\/ X=n,n-1,n-2, ...

Figure 1-9. R B HILEW D53 A T3 = X I

ZDOXIIRIRWMNS | IRFEEDY 6 LT O R L2 AT 26EaM~DRENED 5
NTWDA, B8 ReflbEW &l L THE 2 OPEREPME T 972 Z i & > TR Y
001 BRET AU OARIRR & e L 2 RIRFIC =B T D728 7 » MR RO 6T %,
RiEZH/TH@mn FALEMIBNTIL, TEAX CFekz@hmToRY (AZ) T2
U L— hORSEICEY M A 2=y FEZBA LB RSN TS, Chen 5

9



DT N—TF MU ANVFR T I Fa=y NEBALTRY (AF)T 27U L— MR,
PV TIRBEICBWT T A TGS EZ TR L, 6RO CFr L&/ R Y (A%) 77V
L— b & bl U TV R I M K OB kM 2R3 2 & 2345 L7z (Figure 1-10)
(3336 Z FUIhE 2 95 AL T 2 REIC X 0 RISH O A RS 2 HI8 L, 4884 Rf
ENS R ThEmWERMEEZZER LD TH D (Figure 1-11), L7rL I b
DOILEW . PFOA % & [RIFRIZ POPs AR W TR BE DRI G L5 2 L 3
FHENTVWENRN—T L Fm~FH o 2Lk B (PFHXS) BECA Y 2 FEHNC 4 5
ZeEmnh, REMEE LTHO LT 2 0ET,

1) BrCH,CH,OH, Nal
(a) EtsN 2) K,CO4 _CH,CH,0H
C6F13—502F + CH3NH2 —_— C6F13—302—N|:| C6F13_302_N\
PFHxS CH; CH,
related compound

R
C|\H/§ R
0 _CH,CH,0
———— CeFy3—S0,—N]
CH; o] R=H, Me
(b)
o, o,
+-CH,—CH; +-CH-C—; {-CH,-CH; +-CHy—C—;
=0 G0 g0 =0
? Q ? ?
(?Hz)z (?Hz)z (?Hz)z (?Hz)z
(CF2)5 (CF2)5 III—CH:; 'Il_CH:’
|
CF, CF, so, so,
(?Fz)s (?Fz)s
CF, CF,
PC6A PC6MA PC6SA PC6SMA

Figure 1-10. 2 /LR 7 X Ra=y NEARIEG 7 vE (X&) 77U L—b:(a) ARV
— k(b)) RV ~—DHEE



(a) PC6SA

Smectic B
————— e,
Perfluorohexyl group—» Contacting with water
N-methylsulfonamido group__| -
Methylene group—",
Carbonyl group
main chain
(b) PC6SMA Smectic A

I —

Amorphous, high Tg

(¢) PC6MA

Perfluorohexyl group —»

Methylene group

Carbonyl group
main chain

(d) PC6A Amorphous, low Tg ‘
r——
(

Figure 1-11. ALK T I Fa=y FEARIEGT vH#RY (AZ) 77U L— FO#HK
PesEH 7L (CCHR[35]1L D 51D

PFOA BIEWE O AIR & 72 2 JFEF O 3 L OMEEW D 53Rl X % PFOA BHEYE
DOERAEERET D5 FEO—>& LT, EH X\—7 v F a7 v VA2 IET v B bafnx
fbkFEax=y ML OVREET L Z LRBFTSN TS, 72L& 21X Huang H1X, R &7
b=V 707 AV B—ra UEFIH LT, REE 6 LT D ReFEIZ-CHy-CF-
=y NEBALIZELAT 47 T7ay 8L, SHIZT 7Y L— h~iFE L7,
HASETHEONLZRY T 27U L— 2 MR R EZ 525 2 L2 i
72 L7 (Figure1-12a) B¥, F72 Qiu bi%, RAZFEEE LT=F LU BLOT N7 70
FexFLrOHFFTrA V=3 02179 2 I8 D, -CHCH,-CF,CF- = v
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RN L CEASNTEE 7 v REALT 4 77 my 7 25 L, flx O HUUE 418
HALEWIHEREETCH D Z L AHE L7z (Figure 1-12b) Pl FFEFSCERIZEB VT H,
FERIC 7 VA e TR VEEZIET v BfafiRibKkFEL=y ML VG L, KEdE
ﬂ%“@mm%ﬁ#tmﬂﬁﬁéhTWém“ F7-. A a T X VENERER T

BEsnl7vtinz—7 M BEEZMEHICET 277 ) L—FbHE SN TS
(Flgure 1-13) ¥, Kradel 1%, 7rAvn=—7WEEE2 6357 7 U L— M & RIEK
BLZE ) —L L HICHALERT A EICL Y TR RAZ A NOFER LIEN T Bk
WPEZfTHETELZ EITMA R ~v—OF Y AEIZ > TRIBHO 7 v A ro—F b
BN RST D72, BREFICEESNLIBENL RN L2 ENIT LT,

(@) CH,=CH,
Na28204
n'CGF13| + CH2=CF2 E— n'CGF13CHch2| _— n'C6F13CH2CF2CHch2|
Oleum l
o Acryloy! chloride
n-CeF13CH,CF, \[(\ < n-CgF43CH,CF,CH,CH,0H
(0]
(b)
CF2=CF2 1 CH2=CH2
Initiator Initiator
C,Fgl  + CH,=CH, C,FsCH,CHo,I » F(CF,CF,CH,CH,),l

n=2234

Figure 1-12. Ri JEZEAETE 7 o FLAEMDOER: (a) 7 vk = F 0T n~—{k;
by =F LT h T 7N A T LR ATR~Y—{k

CH,

+-CH,~CH-—-CH,~ c—)—

F F F F c )
/\[(O\/\S&OWF 0 ?
o EFE ET H CagF37
F

Emulsion polymerization

+ E :S
F
O.
)\[‘( C18F37 F F 0 F
85

(o)

Figure 1-13. FERJR 71T L 2 ReEEBA G 7 v FLAEMB L OZDHAMNEESIZLD
T X AL A VR ALBRA~ D R

12



FE7 v FLRILKF L= ML D HEH R EOLEIL. PFOA BIEW'E O R4 rlHE
PEZPERR LT BRENE 7 o Bk VT o v 7T a v 7 OBIRICHED R TFELEEZ LD
D, TAVE TIZ ReED DI S TAb &P OfE-HRE MBI+ ITiE D i Es TR
59, X DILFEREEOBLA D LIFENR b - 7o, BARMIZIX, faFfiRIL/KFE TR,
FELE LA E, HAESOERIC XY -CH-CF-2= v F 27 v ib/kFElL S
L ATREMEN B O B BRI C Re A2 G LGB 12T A Y v DIZNRIMNE RIS O
TERIC LY 7 A v o —F VG o il LW BOKBEIMPE S ORBERED Kb 5 2 & V&
ABEND, £, T/ AT AEFHOLEIZBWTIL, ReEE2IET vFEb2=v FTH
& L7AL & D SAMs TERkF BN & | U & b 72> TRELINLAEEIC DWW TITIFEE A
PR STV RV, 29 L7t RS, PFOA JR & 72 5 R Refia 2 kbR L 72 ¢,
TR B e b2 R ENE 2 E 2 AL B OBIR RO BTz,
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1-5 AHFZEDOBHY

AWFFED B B9, BREEAM DO K E VN PFOA EDLEMDRAIRE 72 LI WHT 2 &~
v FEAEME G L, BEERNTI ORI Z1T 9 2 L1280 | SiE6E & R~ D%t
ISE N 55 7 v FEREMEM R E B T8 1h D,

PFOA 50 @B O J AR A e 322 [BhEE L D >N T RE 2 T 7 v A
77V AR AR AT, B Re A 203k Y v B b kFEr =y b &
ANWTEET 2L T, AOWFHEEAET LAY 74 LB OMENGHTH 5,
EENTBRT IR — 774 7 AESHICB O TRWE S v =L U 3UEaE
TYRENT 4770y (CoFan-CH=CH-CoF2n) 13, HEIIZ LD M7 v bKSE
B0, BB L QMBS C K B 0502 Z T W EREE S, TERD Ry FLZEREHY
EEHE Y b EVLEN R EEE R T A REER S H, L, E= L VGRS 7 v &
AT 477y 7 BEXOENL EZFHE L THONDILEW DRI R ERIT
FICRF SN TE LT, FoN LAY ORME-YIEMBICE L TixE o 72 < O R
Thb, FRROBWNEZERT D720, AUFFETIIRELD 6 LT OEH S —7 L4 e
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2-1 X—=TNFu T X MEEY DK

N=TNFa T VX UUEMOERIZEBN L, 7 b7 7 vFdnnF LunbfEs
noavf =7 due 7 rx L RA) PEEREE LD, RIDOEHRIZELY I EX
EREEME BT DG EICEN I ReEZ AT HILEMITR A OIS ZBET 5
VDD D, RAIE RAEDFRWVEAFRKGIPEIZERK LT, @03 UIkRIbKSE &38R
V., IRFBIRTTIE72< I UREFNIEOE D EM 2 H 5 (Figure2-1a) U, Z D72,
R (K L TIET /L 2% & REDBMZREZANT K 5 BSOS ITHEIT L72Yvy (Figure 2-

1b), —J7. RAIET VHNBIEAIE OFISIZEY Re T VI NE R L, TAT iy
DOAEAFUEENATINT D2 Z ENARETH Y, ZNAEFIHL TS E S EREREZEA
THIENTED (Figure2-2) 23, F7-, RAZZEWL THONDILAEW S . ReFEDIR
WE T RG PRI E DWW R R R OS2 R TR 08 H 5, E= LV UV BER T v A r T L
XVENLNT 47 T7ay 7 OXo7%, il Re ZEEHIEMEGRT DD, 2
IO DO Z PR L, WYIREMITIELZHND ZENgELE D,

(a)

CHyl CFl

(b)

—l R-O—R' Ri—l —> Rf + Nu—I
~ / 5 &t l

R-0
\& protonation,
Rf_l+ R—O—R; fragmentation,
5 d addition to electrophiles
NaOMe
R—| ———> Ry—H
MeOH
85~93%

Figure 2-1. I VL7 VXN & I UL/ =T A a7 XN OER: ) #HERT v
VIR CCRR[1] &L D 81, FRITAER, FILIEEM); (b) KAl (Trad—hE) Lo
ransis
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Initiation:

Addition:

Transfer:

Propagation:

Termination:

RI —— Ry + R
AR R
R¢: R
R
R Y

rRe N R R
Rf * f/\r

R¢

Figure 2-2. 7 /L7 x5 Rd O AINBOAERE
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222 FUMNMIMRISIC XD 7vF a7 xila=y FDERE
%%ﬁﬁm%%%@ﬁw?4yﬁfny7%Am¢552T PFOA Bt &WDfif
B X OVEREZZEICHRT 27012, HE U =T b=y hOREEN
Eioth%%Eﬂkbfﬁﬁﬁé EBERNEEBEZ DND, Bx XD XS ek
LT, Z7vFEMREBEND6LUUTOY I — K= rdaT7 v hrBION O—7 04
DT»#W)E%V/_%EbkoA—7wﬁmlﬁybﬂ#7y$mmmm$l:y
mﬁéhkﬁw?4yﬁfuy&%%%ﬁé%*&ﬁkLT*“%@WXf:ﬁE
E%ﬁﬁé/a—%ﬂ—7wﬁu7wﬁ/® FHD C1fEH%ETVHNVHNCRE
Ry £ D K %w%%ﬁﬁé(A~7»ﬁﬁ7»#»ﬁi%V/_HMéﬁé_&_
iU\A~7WﬁEJ%yF%@%LOO\HX%K&E%&LTCBBl:yF%ﬁ
T B DA EZ AT (Scheme2-1), 1K, RANOBRAEIEI =T 47 L
XNT AN TN RTIVF Ve EORBFI LA INIATIN S & 5 7 1E TR & it
SNTWVDHEN LinL, va—RRX=7ta7vhro—hKO CliERHEICE Y £
CARETRT O INFEE, BT ARRRT VI THD N—=T7Fa T LF)L) =
FLACIMEE, D CI R 2 LIALEMOA AT HE ST ootz

Initiator I
CF3(CF)i X + I(CFy),l " o CF (CF,),
3 2/m

ms5n<é6

Scheme 2-1. 7 U B NAATINBSIZ LB 70 A T vF o= hOEERE

1,6-2 9 — R/8—=7 L Fm~FH (C6DI) &, (R—7L1Fm~Fi L) =FLr
(C6E) %, flix DT VHNVBAMBHIDOIFE FTINEAT 5 Z L2k V| RISSEEORG %
2k L7z (Table 2-1), FUGSKFRIZA 7 A VBRGAI ORI L 0 &+t k<7 b &

-

INCHREL, TAZa~ 7T 7 40— (GC) 12X Vi#pfbRE LUK AT LT-,
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Table 2-1. 7 B /VBRARANC & % C6DI @ COE (53 2 AN D S

Initiator xmol% I
CGF13 \ + IC6F12| - CGF12|
Temp., Time CeF13

1.67 eq. 1a
Entry Initiator X Temp. / °C Time / h Conv. (%)*  Yield (%)“
1 AIBN 1 70 12 15 11
2 AIBN 10 70 12 35 25
3 BPO 1 100 1 38 34
4 DTBPO 1 150 1 >99 72

“ GC area% & v HiH.

R ET NI U DRINCBWTIRSEHENS 22-7 YV ERA (VY T7TFr=1KIN)
(AIBN) ZBHtAAICHW-E 2 A, GCBEL O A v~ v 7T 7EEHT (GC-MS)
IZBWTHBIMOEBITHER SN OO, PERIT 1% EARWEER & 725 7= (Table 2-
lentry 1), AIBN Off HEAZH KL TH, BT 35%IC & EF 0 | HEEHBEIR)S3 )
FRNHEIT L TR D EDVURIBE L7z (entry 2), AIBN (2R 2 Tt~ > A v
(BPO) # M\, 100°C TIRILESHT- & Z A, DTN bR LOPNEREO R RN RS
iz (entry3), X 5HIZ, BPO I Z T V-tert-7 F/~YL A% K (DTBPO) % BAEHA
ELTHWA 150°C TRUGE®ED Z &2k v, BUEID C6E MNTe2Tidtr S, 72% &
RbEWINEL G 27 (entry4), fFONTALEY 1a (ZHBERIREE CTH 72720, BIE
R X VKB LA EIRE L, BfS LAY Z APCI-MS IZX W FEE LT, #H
R D NMR A2 V% Figure 2-3 [Z~d, (LA 1a @ '"H NMR A7 [LIZE
WC, 4.63 ppm O E—7 X CHI #AL, 3.28 ppm 3 1 8 2.88 ppm D B — 7 1% CH, ¥
JRE S, WIThov—28 HEBIXWFEOH v 7V U 7K ORI R AR L
7= (Figure 2-3a), "F NMR 3 X OV *C NMR (X "F DA » 7'V o 7RSI U 7= k7
V7w 2 7- (Figure 2-3b, ¢), ""FNMR A2 hLIZEWT, —59.42 ppm, —81.26
ppm DE— 7%, TNENCRI &, CREIDFR LT,
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(c) ma,sssmas&aas:sse:sa‘;ms' 2 3 BnHrEEsss BHRURLTHEINR

’ . I’ I 882 35 238
‘ . 385 ¥y 58

96 94 92 90 = -
AL
200 180 160 140 120 100 80 60 40 20 0
5 / ppm

Figure 2-3. ()

FEROFEEEEA IS, DI — =T FuaTA BB =T e T ¥k
V) =F LT NFaT VX VEHEETEA BT LIZFHER 1b-d Z 5% L7- (Scheme
2-2), HONT-HAERYD NMR A% /L% Figure 2-4, 2-5 5 L O 2-6 |Z~9, W
NOFHFEMARE THNMR B LN FNMR 1B W T, CHI, CHy, CF,l 3 XN CF; oAy
TOEDRTER L IRBATRE Th o 7,

DTBPO 1mol% '
CFRi(CF) X + I(CFy),l - (CFa
150 °C, 1 h CF3(CF2)m

1b(m=3,n=4)
1c(m=3,n=6)
1d(m=5n=4)

Scheme 2-2. 7 /LA 0 7 /)LX VEHE 285 L7235 (K 1b-d DAL
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2-3 =L UBEBRIT e T AR —Y ROEKRE L OHHE

T P HNMIMBOSIZ X0 &bt E 1a-d ZKBRIL D ) T L ]| A B 7 —)VIRIRIC
KoM a vAbKRFBILSOSCATT o ik B2 L VBRI T v Aa T e rg —U R
2a-d & ZIVETUER 50%, 45%, 42%, 41% (X535 (ON—=7 14 m T ¥k )L) =F L
VB D 2steps INER) TH AL L7Z (Scheme 2-3) B, 15 5 117254 2a—d 13 NMR (Figure
2-7,2-8,2-9 5L N 2-10) BLUULFEoH 2a) ICLVFEE LT, WIholbawd 'H
NMR A7 R UZEWDT, 649 ppm IZZ8E E =L U EBAL ((CH=CH-) [ZHKT 5 —
7 BN ENT-, trans-2-7 T 1% 5.55 ppm IZE = L UERLICHSE T A B — 7 AoRrd D
ENBE 2a-d D=L UEMIEMET A N—T v dra =y FOBRGIMEICLD
FET7 vFIENEAL 7 4 v DOE= VUL E B L CEFEENKIBIZIKT LTV D
T EMNRBENTZ, 2a-d D E/ZBEICOWTIE, 'HB X YF BOE R v )
LD THNMR A7 A3 5 2 SITREECH > 7208, BT Rz VT
WIIZE D 1,1,1,444-~F V74 v2-9— K7 X Ot g 7{bKERSTRIGT 5
(BE)-T NV v G2 o BIRHE SN TR VB, 2a-d OEKIZBWNTYH ERRHELNTED
DEZEZ TS, 2a-d D YF NMR A7 FLIZHEWT, —59.42 ppm — —59.52ppm 35 &
U'~81.31 ppm — —81.58 ppm D#IFHIZ, ENLTIL CRIB LN CFREIZHKRT L E—7 R
BRI, BOED 2a-d OREE L T JERVWE D TH o7z,

I KOH 1.05 eq.

|
)v(CFz)nl = CRy(CcR ) N (T
CF3(CF)m MeOH, r.t., 1 h
1a(m=5n=6) 2a(m=5,n=6)
1b (m=3,n=4) 2b(m=3,n=4)
1c(m=3,n=6) 2c (m=3,n=6)
1d(m=5,n=4) 2d(m=5n=4)

Scheme 2-3. =L VZEERI 7 LA 7 L% 39— K 2a-d DAL
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Figure 2-10. (ftX)

HWT, E= L VBRI LA a7 L3 —Y K 2a DF L o ~DMNINC X 55
T A7~ (Scheme 2-4), F— 27 L—7H_ DTBPO fFfE FC2a L =F L U %K
JEEEDHZEICLY ., LAY 3 ZEEMICHET, 31Tk L CREEBRNGEIT O Z &
I . B2V VBRI LA T LRIV E LT 4 Ty 7 ~D S E S EREREMR
BANHRFTE S (Figure2-11) 23, FEERIZ, KDOFF/ET 3 % DMF T L, 2T
RSG5 Z LIk D, Tova— K 4 ZU0HE 80% TR7-U8, F7-, 3 #RIc L o=
ALK BRI T Z S ic k0, TA7r s 5 B INER 0% TERK LTZ, 513E 5506
IO L D0 FAEBMN AR E B 2 b D0, o7 {bE 3-5 1X NMR (Figure 2-
12,13,14) ,APCI-MS (3) B X OESI-MS 4) IZ XV RIE LT,
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Figure 2-12. L 5% 3 ® NMR A-XZ | /L: (a) 'HNMR (400 MHz, CDCls); (b) '°’F NMR
(376 MHz, CDCl;); (c) *C NMR (100 MHz, CDCl5)
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bt Faxd B ol o — LR DRICKBHENRR DT Va—AbEW T % 75%DIL
HTH+7= (Scheme 2-5) U9, &SR L72ALEW 6,7 1 NMR IZ LY [AIE L7z (7, Figure 2-
15), ZOERMIEEZFIH L, 2a & RIGICREFFES 26T 27 /02— VEZE OGN
HZEICRY EEOV U —HEEAT 5T V2= EEMNERRFTRETH I X
572 D BREAEZEWUC L 2B MG M OGBS EIFRFTE %,
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A" 15¢eq. |
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2-4 FEm

TNFuT Ty ORI 6 LT TH Y . PFOA BE b EW OFAR & 72
Wy a—RKRX—7darTuhrd (=74 a 7 axN) o F LTV
MBORIZ E Y =T Fra=y baiifh Lz, i< WAL D3 vkKkFEK
SR AR T ARBFSEICBIT 2P CTH L E =L VBB I v A T X ra—Y R
AR LT, BONT#ARKRIIEI ST A7 2 OT7 PN X0 | RIbAKSE
Vo1 —B OISR OBANRARRTH Y . 1ERD R & FMED T AW EETH 5
ZEERWELE, ZTROO/RERNL AR LICE= VBT LA T L ¥ L e v
T Ty 7L AEEROFIEZRME L CSEIERMECHEREEZR T8 7 v
FLEW~ LR TE D R RS NI, A%, RILKFEY U T —#HEB L OREE
REEZ HAEICAE T2 2 LIk, REdEA . FmiEER, Jed skl &~ »
HffCc& % (Figure 2-16), FRLORCRIT. BREEANT ORI & & OBERE 2 W N2 2 i
&7 v FEEMOREA~DEFEEZ OB D THDLEEZXBLND,

C,Fal
CrnFomsr” X>~n" 20 m<6,n<6

|
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L N R
¥ l RN
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31 RREZEZHETHRITZ U L—Fh

fIEHIC Re B2 HT D@D TLEWIL, =T A a T A UbLEMOR b A TR
GID—2Th b, L<IZ, ReEEHTDH (AZ) 77V L— NI, BEEREHSTIE
SFERE/)~v—LDOILEANIAETHDIZ 0D, TEMCEESINTEBY  BIAVVY
FCSHINTOWDN, —iIZ, ReZEEZHETD (%) 727V L— MEAWIE, Rekk
ERETLT A= bEMmE (A X)) T 7 VN BERESEDLZ LIV akEnsd,
BJFonic (A%) 77U Lb— KE v —ITEHKBRILDSCT HeEWie 2 vz
— T VHNVERICEIVESIIAR)~v—L T2 ENTE, ARG U TS F S F 2R
DRV ~v—NERR IS (Figure 3-1),

R’ R ¢
—_ \ [ o) [
-CH~C——{-CHy~C———f-CH -y ——f-cH, c+
(|3:0 (|3:0 X
0 0
(CHy), R
Ry
Fluoroalkyl Alkyl Vinyl chloride Cross-linking
(meth)acrylate (meth)acrylate Vinylidene chloride monomer
R'=H, CH, R2=H, CH, X=H,Cl R*=H, CH,
R¢ = CpFans1, R3 = CyHapu1, Y = Cross-linking
n=6,8,10 n =18, 20, 22 group

Figure 3-1. #/KEMA 2 S ICHVWONDE 74T Vx LT 7 ) L— MMEEAROHM
Fcf3l

INHDOET7 vFERNVT 7Y L— MIBE, e, @87 &EOkkx R EM oRmUE
IR SIVTWD D, TERD n-CsFi7 2, n-CioFay 2572 EDOIRFEFD 7 UL O R Re J
ERSICATHHRY 727 U L— M, PFOA BIEMEIZ T 5 AIEEMER H D, — 7,
BIBHICIRFEN 6 LT DO ReZEEZFTHRY 727V L— N TIE, REFEED 7 LLEORS
Re A E L7zAR Y T 27 U L— ME O @O EKREE NS OMREZ 2R T 5 2 & A
#Th D (Figure3-2), £ Z T, BEHREICEA T, EFPAB L= 4850~
AT TR L EARIEI AT S 2 LT L0 | B KEEE & B S ~ D % % i ST A RE 72
FHARY T 7V L— FOBREPIWIFRFTE 5,
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32 ESVVEBRINARTAXINEERTS (AF) 77V —bE/)v—8BX
ORY w—DERK

BV KBS NG CEIE =L VBRI VAR T AR AL E LT 4T e
v 7 (-CF12-CH=CH-C¢F13) OEHUZ LD (A %) 77V L— T/ ~v—DOHKERA
Too B2 W THRARIET Vv a— Uik 4 ZJkk e LT, it & D p- ML o 2 VIR U ERIFLE
T, 77 VNEEETIZA X 7 U LEE L Dean-Stark & 2 AWV TR KMES S® 5 Z LI &
D, E= VBB T T VRV EERTL (AF) 727U L—1 8a,baaL
7= (Scheme 3-1) Pl UVRITZINZFI 82%,95% Th-7-, FFoNT=HH (X&) 727V
L — MEZ NMR (Figure 3-3,4) B OVESI-MS (2 XY [RIE L7=,

HO

o 15eq. fo)
C.F p-TsOH 10mol% CeFrz
C6F13/\/ 12 "0oH C6F13/\/ ~"0o
R

Toluene, reflux, 12 h B}

4 8a (R = H)
8b (R = Me)

Scheme 3-1. £/ ~—8a,b DA K

(a)

0}

| .

9 8 7 6 5 4 3 2 1

Figure 3-3. /L&) 8a O NMR A7 k/L:(a) '"HNMR (400 MHz, CDCl;); (b) 'F NMR
(376 MHz, CDCl3); (c) *C NMR (100 MHz, CDCl;)
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(c) & YILRLSRRE s

R e e e e e e el ket ettt ed ek ok

L |
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Figure 3-4. ()

W T, BFoNE /) ~—OEAZMN L, E= L UBER 7 V4 a7 L% LI
MR Y~ — DB -2 2 5B BRET 5720, ¥iHlE / ~—8a, b DM
HAKRBIOWERED S=T A a T W VIEEHETHRY (XA%) 77V L— DA
TiRIriz, 2-7 % ) o BtEAIE LT AIBN VW CE / ~—% 70°C T 12 BB
EHLHZEIZLEY, R ~—9-11 ZE LR, EASOEITIZE e T LT
RNV ~—Z BRI L, WA R E L%, BIBIC RO L, S5 F 2 —oF
—7 L H 60 °C TR S TR Y ~—DEFEEZ G, 9a (T LREE, 9b BLD
11b (FEAFER, ZOMORY) v —FREFEKE LTHE O, Bl LTERY =—0DiX
e FNVREIOw T T T 4— (GPC) WX VWFRE LSy T& (KU AX 7 VLR
A F VIR % Table 3-1 (27”7, AR U = —DECEE) o518 (M) 38 L OV 785040 (My/M.,)
DI, EHZH 5,500-15,000, 1.4-2.7 DEIFHCTH 72, ZHHOFERNL, £/ ~v—
8a,b DEATENEIIIERDE 7 v (A F) 77V L —hEAETHLEEZLND,
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Table 3-1. RV ~—DEHk

i :
. :gz AIBN <~CH2—C4}
O 2-butanone [ /n

g 70°C,12h ¢=0 9:Rf=CeFys

| (0] 10: Rf = CgF17

(CHZ)Z (éH ) 11: Rf= C5F13CH=CHC6F12

Rf 77202 9a/10a/11a:R=H
Rf 9b/10b/11b: R = Me

Polymer  Yield (%)  Mn/103¢ My/10°¢ My/My ¢

9a 80 14 31 23
10a 69 15 36 24
11a 78 13 35 2.7
9b 70 6.4 9.6 L.5
10b 68 5.5 7.6 1.4
11b 74 8.1 14 1.8

“ Determined by GPC (solvent: 1,1,1,3,3,3-hexafluoro-2-propanol, standards: poly(methyl

methacrylate)).
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33 Y=VUBRBRTINAFaTAIANEERTEIRY (AF) 7279 v— 0Bk

ARYUT 27U L—h9a, 10a, IlaBXORY A% 27 Y L— | 9b, 10b, 11b D/ /L7 Wi
EHONCT D720, B &2 FEE LT, maAERRESHT (DSC) OfEH % Figure 3-
S5IZRT, £, AU T 27V b—OH T AR (T, @A (Tn) 38X Tusy % Table
3222k 0T,

(a) 1.5 (b) 0.6
1 ¢ 9a 0.4 % 9b
505 5 9271
3 ]
3 ok 10a 2 0 106
2 502F
E .05 | =
© ® -04 |
(] [+}]
T - L
o 11a T .06 \L
15 | \[ 08 [\ 11b
-2 L L 1 L L
-70 30 . 130 -70 30 130
Temperature/ C Temperature / °C

Figure 3-5. 57 v #R U ~—d DSC 73 R: (a) AU 727 U L— | 9a, 10a, 11a; (b)
AU A% 27U L—k 9p, 10b, 11b

IEHIZ CH.CHLCeF i3 B2 FT 548 Y (X&) 727U L— b 9a,9b 1%, TN E41-16.1°C
£ 248 °C TR—=ATA 7 MBI SN, —7F, MIEHIC CH,CH.CsF 252 BT 5
10a, 10b [ZZ L4 76.9 °C B LU 86.9 °C ICWE L — 7 RNR. LTz, Zh D DFERIE
Takahara & D 7 /—FIZ XD HEF L BEWERH VB, XR=XF 4 T MNMITT A
R, WBVE — 7 1 3RE A ERISBHORRIZ L A b D B 2 bhvd, =L UEBRERI T VA
27 L UIBE (CH,CH2CoF1-CH=CH-CF13) ZHT 28 HAY T 7 U L— | 1la (&,
42.7 °C IZBWTHE R PERI S O @R T F Y 3 2B e — 7 NI S 4L, B = L o 4REH
TNFa T X AAEED S ZARRE TIPS 2 AT 5 2 L SV RIBR ST, ZHUSK!
LT, HFHAY A% 7V L—hk 1Ib L, 27.0 °C TH T AR ERTX—R T4 7
RRAGIL, 7L RIETT BN T 7 AEEZ Lo TWVWAH I ENTRBE IR, ZHD
RN D, Bl ra=y NI4T AT IO BIE KT S8 2 7 EEA
L. CH,CH,C6F1,-CH=CH-C¢F 5 #8113 CH.CH,CoF 13 {HlEH & CHCHLCsF 7 RISH D H [l F
OMFHEZRTHLOEE X HND,

BN T, R ~=—9-11 ORLEMEERAET D72, T3 FHEK T CEEREDHT
(TGA) %#17-7- (Figure 3-6), "U 727 U L — | 1la ® 5%EERDIEE (T 1
313°CTH Y HERDKRY 727 U L— b 9a,10a & bl L CEVZ EMED A BN R ST,
— . ARV AZ 7Y L— K 1b L Tase 196°C TH Y | WERDARY A% 27 U L— | 10b
(203°C) L% THH-T=, RUTZ7 VL —FLOERY AX 7 U L— DGR, 2z
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KU EFHDBR LT WD HERAVER W Tuso 2R LT E B Z BN DN, 26 OfER
h, HHAY ~—1la,b D = L U BER 7 L4 o 7OV VI, ARTEME T R R
R[RFICBWTRIRZEEZA LTV Z ERRENT,

(a) (b)

100 | 100 |-
80 |- 80 |
X X
% 60 .‘S’ 60
© )
2 40 f = 40 |
20 | 20
0 ! ! ! 0 1 1 1
0 100 200 300 0 100 200 300

Temperature / 'C Temperature / °C

Figure 3-6. &7 v R AR U ~—O TGA 3#ifiR: (a) AV 727 U L— K (F:9a, F: 10a,
FRi1la) ;(b) WU AZ 27 U L—Fh (E:9b, #:10b, #7: 11b)

Table 3-2. & 7 v FEAKR U ~—" DSC B L TGA 5 Hri 5

Polymer Ty /°C Twm/°C Tasw / °C
9a -16.1 — 283
10a e 76.9 296
11a — 42.7 313
9b 24.8 — 177
10b e 86.9 203
11b 27.0 — 196
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Mr

AR LIEE 7 vHEAR Y v—9-11 OEARRIEICI T 2 H5EIZE LT, X #EHT (XRD)
(R DM kAo, R Y ~—HFRO XRD /3% — % Figure 3-7 (2”7,
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TNAXFNVEONNyF 7 T ATIROEEERBEICHRT LD EBZZ 60, —T5,
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HTHY NAZIREBICBWTTENLT 7 AiEE &> TWDHZ ENRBINTZ, 2
D DOFERIL DSC T OFER L BEASWEDRTATEY . T AT NF a2 RN S D
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35 L=V UBEBHINFTAIANEERETLRY (XF) 77U L—FOXRE
Witk

7 vFRRY 2—9-11 ORMYEEZRGET D72, A a— M Yary
Ton— IR L7287 v FBR Y ~— RO EE L OBl /A I E 2 i L7z, i
KBV Ia— A X% 2 ul &7 0 —7kIkE U TEPBfRMA 2 HE L. Owens-
Wendt VEIZ XV Rl H BT RLF— (39, w0, BELOR) ZHEMLEL, Eio, SRERIGH
MBI L 0 UK OB (6, 6, BELVA0) ZHlE L7 (Figure3-10,11) 10, Zh &
DR % Table 3-3 (277,
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Table 3-3. &7 v FERY v —lEIZBIT 56K QuL) , V33— FKAZ 2 (CHl,2
% T HBT RV
¥F—) BROWUKkoEEEAtf (6 A, g %R, Ae Hfife 27V

nl) OFFRGHEEMRA ., R H BT 2L — ()% WRPEE, pe

7 o

s

)

Sample Static contact Surface free Dynamic contact

angle / deg energy / mJ m~? angle / deg

Water CHal, P s 0. 0 A6
9a 1142 843 152 02 154 125 52 73
10a 120.1 952 103 0.2 10.5 126 96 30
11a 119.4 953 10.2 03 10.5 124 99 25
9b 118.1 945 104 03 10.7 126 74 52
10b 121.8  95.4 104 0.1 10.5 128 89 39
11b 121.6  95.4 104 0.1 10.5 127 86 41
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ARUVT7 27V L—hMZBALT, =L 4B 7 VA a7 L I8 (CHCHLCoF jo-
CH=CH-C¢F13) ZHTLHHBAV T 27U L — bk Nald, #EROMISHIZ CH,CH,CoF 3 H %
BT LR T 27U L—1D 9a X0 b BAZRFEKEMMERS JOMRERm A B 1L —
ZhH -z IHIZ CH,CHCsF i 225 H TRV 727V L— |k 10a ERIETH -T2, 7,
EAHEAL A TE OSSR, a 1328 () b RE < H#Efitf e 27 U 2 X (A0)
DIERRB/NEL Ipolz, —fRIZ, AQTR Y ~—OEHIESCREHREORL = ) 0d &
PMETT2IEEMPNNESL 72D EBZ LN TNDHES AGDIER/NS W L1, 11a D
E= L UBRERI T VA a T VR A OEEME DR S 2R L TR Y | Ak L7z DSC
L XRD I X BT E bEBEAEMERH D LD EZEZLND, R AX 7Y L— FMIDOWT,
=L UBERI T VA e T VR VA A 5 11b 1, MBI CH.CHLCsF i 2 A9 %
AU AZZ Y L— bk 10b LIZIEFREOHNEMMAL LOEMA L ATV VA %2R LK,
IEHIC CH.CHoCoF 13 2552 BT ARV 727 U L— b 9b LHigd 5 & 11b [IREHH=
FNAX=PNMEL, BB AT Y 2% 52, 90 L0 H 11b OFRRY ~v—DiE
EEDNME T LTS Z BRI, TS ZRZ LI, b iFAS V7 RETTELT
7 AMEEE B2 D126 00 b 6T RWER B L F— LRV EEfilf e 27 )
VAERBT L ENHALNE ST, T U b— FDafniioa U ERRNE A St
FEMMEDORY 77 U L— ME, EHOBEBIMENMET L, AGMRRE NS Z ERREI N
TWBRM JEREYEDRY 2 % 7 ) L— MZBW IO E D & 5y -8 o E dh i &
THTHHDEEZOND, ZDH, B L UBEBR T VA a T F L (CeFi-
CH=CH-C¢F3) (% CsFy7 4 & bR TREBMENMEW L 0D, Zoim SR L Tury
WHEIZ 3T 2 EEMEMELS 22 (B e 27 Y O 2AD/NSWERE A 5272 2 L DRE
IND, 5%, FARY ~—OREIZIIT HHEE & RAVMEIC BT 2 3R fif bt 2 E i 7
ETHD,
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3-6 fEim

Eo L UVBEER T LA a T ARV E LT o T ay 7 REEE LT AIgEIcE =1
VERER T v A v T v Vs (CH,CHoCoF1-CH=CH-CF13) Z#H T 2HBARY (X Z)
TV — b EAR LT, TUHOHFHARY ~—IiL, RELEN 6 LLTONR—7 v Fma
=y FDOHERINHTED, B R EZMUFHICET AR v —ICBWTHEE 2> T
V72 PFOA BHHEME ~D RN Z V15720, B = L VUG 7 v A a7 VR VAR
TLHHAV~—DFTEH AU 77U b— MIVUL 7 RE TR ME OB F#E 2 19
DIZH L R AZ 7V b— MNITENLT 7 AEOREZA L TWH I EEZ LML
7o FHAR Y = —OFBIXRNR I H A= RV F—B IRV e 27 U > 2% 5.
R NERDE 7 v FER Y ~— & FEEU EOENT-§HE L OB BB 5 2 &
ERWE LT, S AREZLIC, B LU BEBRI VA a T VX VAR T D HHHARY
AT Y L— MIVVZIREETT BN T 7 AMEEE AT 580000 6T 1ERORK b
PEARY v~ — L RIZEOHNL LOBMNBRMEEZ R L, 20 X512, FHKAY) ~—i
PFOA DR LR HRE RELZ T E T ENIFEZ RS Z LG | BRERIS & mik
RRAZWN.CTE, {EROET7 vHERY (AF) 77V Lb—  aRET MBS L TORH
D TED, £, ==y MZEIVEGEINTE IV A T AR VENE 7 v
FARY ~—OREER OYMEIZ G Z DMFF 2R O— a6 LicZ &R, &7 v &K
BEREMER Y ~— D TFHIH - R kA 52 5 b D EE X b, Sk, E=L v
BRI N AT VX NVEEET LR ) v —OREMBELFHFMIHAGICTHE LD
I, SESERE /) v —LOLEACRMEREAREEZRFATL22LICED, S6R55
BEREAL LB LW R~ D RS HIR T E 5,

60



3-7 ZEM

[1] Ameduri, B.; Sawada, H. Fluorinated Polymers: Volume 2; Applications. The Royal Society
of Chemistry, 2017.

[2] Yang, W.; Zhu, L.; Chen, Y.; Ye, H.; Ye, Z. Surface topography and hydrophobicity of
waterborne fluorinated acrylic/silica hybrid coatings. Coll. Surf. A: Physicochem. Eng. Aspects
2015, 484, 62—-69.

[3] Yoshida, N.; Abe, Y.; Shigeta, H.; Nakajima, A.; Ohsaki, H.; Hashimoto, K.; Watanabe, T.
Sliding Behavior of Water Droplets on Flat Polymer Surface. J. Am. Chem. Soc. 2006, 128, 743—
747.

[4] Honda, K.; Morita, M.; Otsuka, H.; Takahara, A. Molecular Aggregation Structure and Surface
Properties of Poly(fluoroalkyl acrylate) Thin Films. Macromolecules 2005, 38, 5699-5705.

[5] Honda, K.; Morita, M.; Sakata, S.; Sasaki, S.; Takahara, A. Effect of Surface Molecular
Aggregation State and Surface Molecular Motion on Wetting Behavior of Water on
Poly(fluoroalkyl methacrylate) Thin Films. Macromolecules 2010, 43, 454—460.

[6] Zuev, V. V.; Bertini, F.; Audisio, G. Investigation on the thermal degradation of acrylic
polymers with fluorinated side-chains. Polym. Degrad. Stab. 2006, 91, 512-516.

[7] Corpart, J.-M.; Girault, Sylvie.; Juhué¢, D. Structure and Surface Properties of Liquid
Crystalline Fluoroalkyl Polyacrylates: Role of the Spacer. Langmuir 2001, 17, 7237-7244.

[8] Hasegawa, T.; Shimoaka, T.; Shioya, N.; Morita, K.; Sonoyama, M.; Takagi, T.; Kanamori, T.
Stratified Dipole-Arrays Model Accounting for Bulk Properties Specific to Perfluoroalkyl
Compounds. ChemPlusChem 2014, 79, 1421-1425.

[9] Owens, D. K.; Wendt, R. C. Estimation of the surface free energy of polymers. J. Appl. Polym.
Sci. 1969, 13, 1741-1747.

[10] Grundke, K.; Poschel, K.; Synytska, A.; Frenzel, R.; Drechsler, A.; Nitschke, M.; Cordeiro,
A. L.; Uhlmann, P.; Welzel, P. B. Experimental studies of contact angle hysteresis phenomena on
polymer surfaces - Toward the understanding and control of wettability for different applications.
Adv. Colloid Interface Sci. 2015, 222, 350-376.

[11] Honda, K.; Yamamoto, I.; Morita, M.; Yamaguchi, H.; Arita, H.; Ishige, R.; Higaki, Y;
Takahara, A. Effect of a-substituents on molecular motion and wetting behaviors of
poly(fluoroalkyl acrylate) thin films with short fluoroalkyl side chains. Polymer 2014, 55, 6303—
6308.

61



X
I~
il

P L VAER T LA a7 L ViR A
BT HRARCEEOERK L
H R Ly IR DT K

62



4-1 RiEZFTLEBEMEEY L B CHEBLES FIEOTER

ReEEHTHF A, T BAKR VBRSO AW B M L5
52 LR BEMITEKR S D B CALR LS IR (SAMSs) 1, #BFO e dkim |12 fE 4
DERBEEA 5T D2 ENTE D, 20 THIRE R A BT R L —IC X2 8MmED
50, ReFEOE T REWEICE S BTPMEOETIL. 7 v EE2E LAY TliiE
R TH D, TEMIZIE HOON @RI N5 72 2 I LT, Brekk
LCARARVBAERAWD Z L2 XD | JiE 7 SAMs ol S5 2 LN TE D, 7
FARAR VBRI L TH, BAK, &, BRAEER SIZBNTEWEERE L ER T 570
TR ReEVDAFITH Y | RN D CeFiy /g EDOREH ReEEAF T 58 AR RN
I FHWBNTE 72 (Figured-1) U4, UL, o5 7 v FAEE RIERIZ, IRBEN
T EDORHE REZHT 2R AR CBREEWB LOZOREHT, PFOA BEWE & LT
B OXGe L IpoTEBY | REMEIOBRBPEE TH L, RHRFEICHEA T, =1
BRI LA a T VXNV EEATLHRARCBICEDE SR T 52 LICX 0 | EikkE
BREEA~ DX A WL A REZRFTHLE 7~ 38 SAMs MPELOBIFE 2SI T & 5,

High
FFEF
s F ~OH
» FFFF 5 9" FHPA
k3l
>
2] FFF FFE F
e F _OH
o o
Q
e FFEFFFF 3 °H Fopa
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Q
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FFFFFFFF g FDPA
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F FF FF FF F
—>, C,F5CO,H
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Figure 4-1. 57 v FR AR UV ROIER L ORHE RO 7 E
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42 EoVVBBERINATeTAINVEERETHIRARVBOERKE VT ik

B LU VAR T VRV ENNT 4 7T 8y 7 (-CeF-CH=CH-C¢F13) D%
Bl L DR AR RO G E A T- (Scheme4-1), I 7 FHEA 3 &5k & 45 Michaelis-
Arbuzov UG ERES IIARDFRIZE D | RAR WA LT, RARCVBT AT VO
FRAIZIWWN TR, TEMZRRGEICH L2 BE L 375720, B OB 22 8Os 832 2 &9
DIRNY B TEREIICNRERILY U N U A Y 7'a e v% A (Figured-2) Bl Y
RIS THRARVBEI A Y 7NV ATV 12 8 LTZ, EHIT, RAKRUEET R
TN T BE RN AFATT AL DLV ME, A F 7 — VI K DRI iRt % %
THRARUEE 13 ~EFE LEO, ERIT 90% CTh - 72, o= Hitay 12, 13 1%
NMR (Figure 4-3,4) 3 X OVESI-MS (2 LV [FE L7,

P(Oi-Pr); 3.5 eq. X CsF 12 Oi-Pr

CeF12 C¢F ~"pL

CsF13/\/ ~S o - e 1 ~0j-Pr
140 °C, 8 h (0]

3 12: 78%

1) TMSBr5.0eq.,r.t, 2h C.F
2) MeOH (excess), r.t., 2 h C6F13/\/ 6 12\/\P/OH

~
CH,Cl, 3 OH

13: 90%
Scheme 4-1. 7= AR R 13 DERR

(a)
OEt R _OEt
Rf\/\ - | Rf\/\E/OEt f\/\ <
! “Ps I~ OEt I OEt
(s Et0” “OEt &
' ) -~ OEt
[~ P
OEt - 11 ~OEt
| Fast
Et0” “OEt +
/\l
(b)
0i-P y
Rf\/\’/_\:él r Ri_ -+ Oi-Pr Rf\/\P/OI.PI'
! i-Pro” “O0i-Pr I‘)OI-PI‘ 8 Oi-Pr
NG + /L
_0Oi-Pr
------ e
/LI """ > 11 ~0j-Pr

(I)i-Pr

P
i-Pro” “0i-Pr )\
I

Figure 4-2. 75 AR VT 2T VG LD SUGHERE: () P(OE)s i H1IRF; (b) P(Oi-Pr)s {5 FH I
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Figure 4-4. (frX)

PO HRIAR AR U 13 OV 7 REEICE T 282 RO E 7 v /AR AR Y
iz (FHPA, FDPA, FOPA) L b L7z, &7 v HBHR AR EED Tusds LOFLE (Tn) O
fE% Tabled-12F O TW5D, 7TAIEFEAR FIZHIT 2BEESHT (TGA) I2X 1,
G 7 v BIRARBEOMEZELEZ B LT 25 (Figure 4-5a) . R AR 13 D 5%
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BHEWRE (Tisy) 13305°C THo7o, Tl i?iéél%@ﬂ“zd“/ﬁﬁ“ﬂ?)é FHPA (256 °C),
FOPA (273 °C), FDPA (297 °C) & bz L TRIVMETH 0 | ATEMES ST 2207
REETIX, =12 $@7wﬁm7w%w%i@%***T%é%®k%z%hé
— 5T, REBGERNE (DSC) [ZBW T, RAKRUEE 13 1Tt R AR & Ll
L CRtrl ’Bﬂ%‘ﬁ‘é[ﬂ@kfﬁﬁﬁ}#ﬁﬁ< (Figure 4-5b), =L 2=y MNMIEG7 v
RIRAR L ED IV 7 IRBIZB T DRFEOTRR AT 52 b b3 2 L3R
Xt BREmEtA (AMl) %Hﬂb‘t%LHiLfti))%% B L UVEERI T v A m T L
FNAFEIFIE =V UEICBW T T o 7 RIE L 7SR B L TR, ﬁf‘éb%@%if
BETDUEROE T v FRAR L AR TRAR W 13 127390 7 RIS T Df5 i
PEPME T 5 Z LRSI/ (Figure 4-6) .

(a) 100 (b) 30
a0 | 20 | o 13
3 10 | FHPA
e — 1 A
=) —— FHPA o 0 FOPA
(4 =
= 40 —— FoPA k: ’f ‘\f
o -10
—— FDPA T FDPA
20 ¢ 20 Y
0 1 1 =30 1 1 1 1
0 100 200 300 400 500 60 100 140 180 220
Temperature / C Temperature / °C

Figure 4-5. & 7 v F#7HK AR OB HTHER: (a) TGA; (b) DSC

Table 4-1. & 7 v HE R AR BED TGA 1 X TN DSC 5 Hrik 5

Phosphonic acids Tasw / °C Tm/°C
13 305 164
FHPA 256 167
FOPA 273 180
FDPA 297 191
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(a)

(b)

v

(c)

(d)

Figure 4-6. 75 7 v &R AR U BEO AMI i {bA%iE: (a) 13; (b) FHPA; (¢) FOPA; (d)
FDPA
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43 TV IUEBHINARTAINEEFETHIRAKRBO ITO ER EIZBITS
SAMs FZRK

BRRLIEE 7 v RRARAEI1ZIZEA LT, b1 YU L AKX (ITO) Z7E LT
W72 77 ARMIZI1T D SAMs FERZEENE L OENIC & b 7 5 Rk O 7N 2 35
Too 13D 2-7 03 — IR (1mM) (2 ITO 78357 7 A KM & 24 BEfER{E L C SAM
ERRIEL, X #EE 70 (XPS) (2K 2R mwHrZEhi L7- (Figure 4-7, 8)., 290.6,
292.6 eV IZHBIT D C(As)E— 27 IXZNEI, 13 D CF &, CREICHXRTLIbDEE X
HNDU, F£72, 687.8 eV D F(ls)E— 27 B LN 133.7 eV O PQRp)E—Z7 1B H, 13 D
SAM W ENT=Z EMFJER L R E iz,
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Figure 4-8. XPS |2 & % 1TO 78578 H 7 A MR D 0 e oA is R (2 1 13 & SAM JEAK
WG AUV A R (77 7)) 1 (a) C(1s); (b) F(1s); (¢) P(2p)

ITO Z&AEBM 25 7 » AR AR U BIRIRITIRIE L, TR S Tz SAMs DJERE 4 [ 7
NBEHE (AFM) ICX VB L= & 2 A, R AR UM 13, FHPA, FOPA (2B LTI
7RO S DB INT ., B)—72 SAMs 2T 5 Z LRI S 72 (Figure 4-9a—
¢), —7F. FDPA Z#flE L7- HAICH W TiE, REDO AL —MEEZRTZHOPALNAR
v FBIHIE 7= (Figure 4-9d), 25D AR v MIEEMN EICWENL S L= FDPA ©
HEAERICHEET D LD EEZHNDE, ITO HA E o7k AR 13, FHPA, FOPA 5 X
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UNFDPA 72572 % SAMs O 3RS (RMS) OfElE, £ €4 1.28,1.49,2.13
BELU3.22mm ThoTe, LRROMENL, 7 v RBRAKRCBOEALREIZ T VAR
T VX VIEEOREE TRAT L B AR Vg 13 DNHRIZR IR 7 7' A TH¥)—72 SAM %
BT 201 L7 EALiEZ A LT\ D Z L 2VRIBR S Lz,

()

(c)

nm (b) nm

(d)

Figure 4-9. AFM (2 L 5 & 7 v F7R AR Vi SAMs OFZREBIEHE 1 (a) 13; (b) FHPA; (c)

FOPA; (d) FDPA

BEWNT, &7 v RRAR LD SAMs TEHGREE R LT SAMs JERIZ & 6 78 5 daiutk
DI Z A REIZ X 0T L7z, 1mM OF 7 » Fk AR U ERIATRIC ITO 7850 7
AR A FTERMRE L, kB LY 3 — RA % > (CHily) OFRAIEA 21T LT
&2 A, RIERFF OREIZIG U CTHEfRA DI R A S 72 (Figure 4-10), UV A4 4L

PR

TRV LT 1TO EAIZI T A UK OBl 133 L% 5oL BUKMEZ RT0N, RX

R BRTAIR ~DIRIEIZ K 0 B2l 3K L, 30 70 TR BT safidfil L7z (Tabled4-2) , SAMs
TERRIC X D EERHODNEIL, &7 v BRAR VRO 7 )V A a7 LX)V EOREE K
FT5ZENRENTZ, R THFHIA AR R 13 1R CHEE 2 b/ OB KA
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Ao, HFh 5 FHEORIE THK O A A 108° & 70 5w W BKME 2RI L7z,

(b) 100

-
-
o

©o
o

-
(=]
o

Contact Angle / deg
© ©
o o

~
o
Contact Angle / deg
[
o

~
o

[<2]
o

1 1 J 60 1 1 J
0 10 20 30 0 10 20 30
Time / min Time / min

Figure 4-10. ITO SR D5 7 » TR AR UBEIEIR (1 mM) ~OIRIEIZ E & 72 O Bl
OEIFZEAL: (a) ik (2 ul) ;(b) CHal (2 pL)

Table 4-2. ITO EAR DG 7 v BR AR VEEIER (1 mM) ~DIREIZE 72 H MK (2
uL) HEfil A OMEEEZE AL

Time 0 5 sec Imin  S5Smin 30 min 3h 24 h
éﬁ 13 4.0 108.0 112.8 114.5 115.2 115.0 115.7
Eo;g FHPA 4.1 75.8 87.7 92.1 98.0 101.2 102.0
§ FOPA 5.7 85.3 91.6 105.4 106.4 108.1 108.9
§ FDPA 43 97.7 111.4 110.9 110.2 110.2 111.6

Table 4-3. ITO JEARDE 7 v FAR AR CBEEK (1 mM) ~ORHEIZE $72 9 CHol (2
uL) HEfih o DOARREZE b,

Time 0 5 sec Imin  S5min 30 min 3h 24 h
%D 13 17.8 78.4 85.2 89.1 90.9 91.7 94.3
Eén FHPA  20.0 65.2 75.8 75.9 82.4 82.3 82.0
§ FOPA 194 71.7 81.3 83.8 83.6 87.7 89.1
§ FDPA  17.0 78.6 84.3 87.4 88.6 88.0 88.3

G ) TR AR VU BRIRIRIZ 1TO B % 24 BRREIZIE S OMAB LN I — R A %
VOFREEMA . REE BT RLF— (19, w0, BELO%) . JEEIMEEICZ VEIE LT
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MK OBIOBERA (0, 6, BTN % Tabled-4 |23, BLBRIENZ L2, ITO 4 L
BT DHBAR AR 13 O SAM 1L, TERDE T v TR AR R & g L TRWE
mEHBT XX =252 57200 T < mWEBEA A L MEWEitA e X7 U &2

(A9) Z~L7T- (Figure 4-11), —fRIZAQIEM ORI S0, RifITH T 55 7 HAC
FIORZ VT EEKMT 5D EEZ LN TNDHO, AFM BEDORER L HbED &
R AR R 13 13 —72 SAM Z 5k L, FHPA X° FOPA &\ o -t kDE 7 v FEAR AR
VR & L U TR & OEEIMIC X 555 TR DO ZALE Z DI WD ERRBE D,
TNHDOFEET. oL VBB L AT AR T AR ABEOMEICHKT AL D L E X
b5,

Table 4-4. & 7 v AR AR UERAR (1 mM) (2 24 FETIRE L7 ITO B OMK (2

ul) , Y3 — KA X2 (CHalp, 2 L) OFFIGEELA . K A R R — (54 Ak

T, xSy EHE, e i H BT RLX ) B R OWIKOBER A (6 nitERlAg; o
%R, A0 B E 2T Y T X)

Phosphonic  Static contact Surface free energy Dynamic contact

acids angle / deg / mJ m™ angle / deg
Water CHbl, psd PPy 0Oa 0. A0

13 1157 943 103 0.6 109 128 97 31

FHPA 102.0 82.0 15,0 23 173 113 73 40

FOPA 108.9 89.1 121 1.4 135 123 82 41

FDPA 111.6  88.3 12.8 0.8 13.6 127 88 39

(a)
140 o 140 |

gle

120 ¢ =120
100 | 2 400 \ww

by
T
°
(<]
c
i <
g 80 | S 8o |
s £
o 60 S 60
2 o
S 40 5 40 ¢
s 2
§ 20 | e 20
0 1 1 1 1 0 1 1 1 J
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time / ms Time / ms
Figure 4-11. & 7 v £ R AR CFRIEK (1 mM) (2 24 BREREI21E L7= 1TO Hafk Bk i)

LK OB AR ER S (- piEREA, £ #2iIBEEALA) : (a) 13; (b) FHPA;
(c) FOPA; (d) FDPA
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Figure 4-11.
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4-4 oV UBRBRINFIOTNARNVEEGTDOIRARVBORT UV RAEKR EITE
i} 5 SAMs TRk

FHIAR AR D572 5D SAMs O T M7 S BB Z 451 LT, A7 v U A F~D
SAMs JERZEEN I L OVEAUC & b7 O REDMEDOFHM 2 it L7z, 1TO FEMRIZI T 2
& FRRIS . R AR VBRI~ DIREIZ X D HKES & O CH.L B2l ORRIRF 280 % Gk
L7 (Figure4-12), THHIE Y . R ABR R 13 (35 b EOKES I 207 L, SRR C
D SAMs RN AIRE T D Z L BRI S 4L7c (Table 4-5, 6), F 70, @hROEEfLAHIEIC
£V 13 ® SAM B S NT- AT 2 b A EEMI T b O R Bl A F6 K OME 2l A
t A7 U A% LT (Figure 4-13), 24U 5 OFERIL ITO HAKIZ I 1T D AEATHE F & &
BMND D, BT v BRARVBRIBRICAT L A EER % 24 FiRRIELERE ORiKE
KOV a— FAZ o OFREEMA, REE BT XLX— (19 wP, BELUK) . MAKOH)
HEfil /s (6, 6, BLTAO % Table 4-7 (277, DB G, BriA AR W 13
DEER7e SAMs AT, 1R, A7 Lb—, A a— k7 EOFE Tl B 7 e
2 LD TG RMEIORESEITHF & 2 D mRetEn b 2002, £z, miEoY
—IIERTE, ROREBHHZRLF =25 TE R AR 13 O SAMs (X, T/
ATV he~vAraar iy v FY T 407 Lo R OGN T H A~
DISHDBEIFRFCE L1 512, RAKRVEE 13 O SAM 3 S £ I E R RBIWICIK
WRHHBZRVX =25 TE5 2 Lo, b ) / fE e LAt bEb 2 b
2L, HODDIMEMNZESERNA L=T 3y 7B E~DREBIREERE XD
AL

(a) 130 (b) 100

120 ° a 90

Y
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o
=]
o

Contact Angle / deg
© o
o o
m =
T ©»
T
>
Contact Angle / deg
~
o

[=2]
o

o
o
[3]]
o

~
o
Y
o

6 10 20 30 0 10 20 30
Time / min Time / min
Figure 4-12. A7 > L AR DO E 7 v FR AR UVEERIE (1 mM) ~ORIEIZE 729
Befih A ORERFZEAL: () Ak (2 ul) ; (b) CHoL (2 ul)
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Table 4-5. A7 > L A DE 7 v FR AR URIAR (1 mM) ~OIRIEIZE H 789 #li
K (2 uL) il O/RERZEL
Time 0 5 sec 1 min Smin 30 min 3h 24 h

13 42.7 113.8 117.5 120.4 121.4 121.7 121.3
FHPA 27.5 95.5 105.4 106.6 110.8 110.8 112.7

FOPA 41.1 101.0 109.9 113.0 115.7 116.2 115.8

Contact Angle / deg

FDPA 31.2 108.5 112.6 114.9 117.8 117.0 117.9

Table 4-6. A7 > L AR DOE 7 » TR AR EEIK (1 mM) ~DIREICE B 729
CHal, (2 pL) HEfiliff DMk AL

Time 0 5 sec 1 min S5min 30 min 3h 24 h

éﬁ 13 28.8 90.2 95.6 96.4 96.2 95.6 95.9
%;n FHPA 17.2 60.9 78.3 83.9 84.7 84.1 85.2
<
‘g FOPA 28.1 74.4 80.6 86.7 93.9 94.0 93.9
=
8 FDPA 24.0 82.1 88.7 91.6 95.4 94.6 94 .4

(a)

2140 t o140 |

o 3

E 120 3 120

o )

g 100 | £100 |

g 80 :3: 80 |

S 60 S 60 |

2 2

';:’ 40 g 40 |

§ 20 § 20
0 - - - - 0 - - - -

0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time / ms Time / ms

Figure 4-13. & 7 v AR AR VBRI (1 mM) 1224 FERIEIE L7 A7 > L AR EIC
B DMK OB AN ERER (0« BiERhfA, o ZiEEA) : (a) 13;(b)
FHPA; (c) FOPA; (d) FDPA
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Table 4-7. & 7 v #E KR AR VRIAR (1 mM) (224 BFFREIRIE L7 AT o L AR O HiK

(QuL) , Y3 —FRAH > (CHalp, 2 L) OFREEALMA, K H BT RLF— (x4

PEIE, pP: S0 HIOH, 5 R AT LF—) B RXOWKOERHEEAL A (0 A,
O: tRIBHLA, A0 Bifilifie 2T U v R)

Phosphonic  Static contact Surface free Dynamic contact
acids angle/ deg energy / mJ m~ angle / deg

Water CHI» s 5P Ps 0a 6: AO
13 121.3 95.9 10.1 0.1 10.2 128 82 46
FHPA 112.7 85.2 14.5 0.4 14.9 127 39 88
FOPA 115.8 93.9 10.5 0.6 11.1 135 52 83
FDPA 117.9 94.4 10.5 0.4 10.9 131 52 79

SO HEARIEIZ LD AT v U AFER BIZBIT 55 7 FB AR U SAMs Offif
BWVEGEAM 2 574 7= (Figure 4-14) 19, 250°C Ll | C 6 BEINEVILEL 3 5 & B OIK T
NI BI, TR EDE 7 v FR AR U SAMs M 0fiE L T 5 Z & 23RBS U7z (Table
4-8), BURTEWNZ LT, AR AR R 13 O SAM [SNEMLER S OBk M4 3t oD 78 A 7R iR
CHARTEVEZ R LIEZ E0 D, 13 DIEROBR AR VR LY LR EMEICENT
SAMs ZJERT 5 Z LR ENTo, T O OFERIT TGA 1T X 27 VL 7 REBICER T % #)
REMIHTRER EEEGUNDH D, 5k, SEIERBHOITOFIELBEME LT, Flls
AR P SAM ORI B A% & aiuih R KL OBV EMEIC BT 5 stk e fighir 2 St

TETHD,

(@140 (b) 140
m12° m120
[}) Q
S 100 S 100
[}) ()
= 80 © 80
< <
"6' 60 8 60
© S
T 40 c 40
S 8

20 20

0 0

13 FHPA FOPA FDPA 13 FHPA FOPA FDPA
Compounds Compounds

Figure 4-14. A7 > L ZIEBUMBMLER: OMKEEfLA () X0 CH.L Bl (1)
\Z L D57 v HBAR AR SAMs OIHEWERENFE 5: (2) 150 °C; (b) 200 °C; () 250 °C;
(d) 300 °C
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(c) 140 (d) 140
2 120 2 120
S 100 S 100
[ (]
o 80 o 80
< <
2 60 2 60
T 40 c 40 |
[ [
i i Jl nihn
0 0
13 FHPA FOPA FDPA 13 FHPA FOPA FDPA
Compounds Compounds
Figure 4-14. (%t &)
Table 4-8. A7 > L ZFANESLER: OMKEEfLA (2 uL, ) B L O CH.L Bl (2
ul, ) ICXk B8 7 v FER AR R SAMs O FEAfh 5 5
150 °C 200°C 250°C 300°C
Samples
Water CH:l, Water CHal, Water CHyI, Water CHxl
13 121.6 94.7 117.0 94 .4 102.3 73.2 49.4 38.6
FHPA 107.2 74.4 107.2 83.5 84.2 62.5 29.5 27.5
FOPA 110.1 82.5 110.9 84.9 79.5 53.8 33.0 323
FDPA 117.5 88.0 118.3 91.4 82.2 64.7 35.9 31.7
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4-5 FEam

B L UVBERI T VAR T ARV E AT o T ay 7 EEEE LT, B = L U4
7 VA a7 ¥ )V (CHoCHaCoF 1-CH=CH-CeF13) & BT DHHA AR EE G L
7o FBIAR AR VERIL, 74 TV EORFEFRTH0 6 ThH7-%, PFOA BiiE
WE O K OVERD ATREMEZ 52 RICHER T 56 2 L N TE 5, HFONTHHA AR
BRI/ NV 7 IRRECIERDE 7 v BARAR VLY bE WAL EEZ R 2 2H L
IZ LT, BHA ARV BOBERICERBIBICYERZRIET S22 L1080 W—Homn
H AL EL ) T (SAMs) DB SIS Z &% XPS B L ONAFM (2 L 0 g L 7=,
FEEMAREIZ LD FHHE AR BB IERDOE 7 v R AR UL Pl U CRIREH
DRECEBRIWICENERAHT IV -2 5252 L2 RWE L, &5IC, #H
R AR BED SAMs WHERDFE AR EOZN LD IRV e 27V U A% %K
BTELZLEWLNI LT, LEMIASFIHIND AT VL AIOREIZHE N T,
BRI AR D SAM 1E 200 °C fHEE TRWLEMZ R LT, ZROHDMRNL, B
SV UBERERI T LA TV VIR AT DR AR VIR OMEBREE AT & B LT RS BE &
NTEDZEDRHLNI R ST, A%, S FE ST RSB ORI AKBERME, (K
HEME, DIt 8259 o iretikl & L TR T 5,
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AL EERE & SR A ORI A WL T D8 e 5 7 » FLAEM OBR & retk
ME~DREMZ B E LT, E= VBB ARG T 2 E 7 v R ELT 4 7T
By 7 DR, AiaER L, R~ —EB X OE B EES FIEOTERIC K D HEE
BHUZOWTHET 2T 72 D Th 5 (Figure5-1), ARG RO FiEZ BE LTl
&7 v FEILAEMEARK L, T 0 ORI UMW Z I LI L, #KBSIME: X o
BRREZ HEROHMe R EZ2HTHILEM T D2 Lok, FilleE 7 v FE s
WS, BREICERELZB I T A0S 5 BH RelbEMaE WD Z &7 BT
REAENTEDZEE2MPA LI, ZNHOMRIT, E= LV B ER T VA 7 r LKk
EATHILEMPRELEANZIT LD LT 5 S F I ERBEREMEMEHI B T 25 Alie
HEZRTHLOTH D,

CeFii X +  ICeFyl

U

CGF13/\/CGF12I

e N

Novel polyacrylates Novel phosphonic acid
R
—éCHz—(II% = GeFior ~ OH
I /n CeF13
c=0 IIOH
| (o]
(o}

C6F13/\/CGF12\)

Water Repellency Uniform SAM

Figure 5-1. =L VZEER =T LA 7 )L AL EMDERL. ZEHd L OMERETRIH

HOMNLOT v BRICIKFEDOEE > T2 JHWEZ MW T, 3 Uk =7 1A e 7 LF )i
FeBD T D ANATNBOE & e < BBESONIC LY E= L UV BRFRI 7 LA a7 L L e r
T4 Ty I ERRT D TFEEMSL LT, A LT BT 4 T 0y 7 ITIREFEK
D6 LLTDN—=7 ) Fna=y Mpbil S TRy, ke L TREAMORE
PFOA BHd{b &M E W% Z & 372 < | Z3fRIZ K U PFOA Z AR T 2 et b HERR T 5
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ZLENRTER, £, INHOEAT 4T ay 738 E I EREREREROE AN AIEE
Thh, 7riuri¥la=y NORFHESCEREL AEICERT 22 L1280 7t
HOMMERHRREZ AT 287 v EMEZG b5 AlRetEd RSz,

Eo L UBERI T VA a T LR IVE LT 7Ty 7 OFEANIC L 0L (X F)
T2V —bhEARL, SHICT7 V=TV ANVERICEY =L U EERI T VA a T L
FNUEEAMBEICET LR ~—%2 5, AR LERY v —130Eko Re RAMAIGIZHT
57 vFERY v —LEEU EOBENTFE X OBIRNEKELZ R T2 26
DI LT, BE= L VBB 7 VA e T A VEEZRBICAE T 2R A2 7 U L— RMIAN
T RRBIZBWT T BN T 7 AEEEZ AT 226l b TENIEREZ R L, B =1
o=y FOZRITL Y iR Re BAMBHICHE T HAR Y ~— L3R 2O S
FOMREER 5252 L2 RV LT,

EHIC, B L VBRI VA a T VR VR AT AR R AR B A SRR L., &
BEEAC AR BIZ351T D SAMs TEREEN 2R D5 7 » R AR Uk L el U CRRGE
T2 Z LIS R D AR AR RS E MK B 2 SRR TR TE A Z L 2 6
IZL7, U EORERNS, =L U BEBRS—T v a 7L LAY, PFOA BE
IbEWERND Z LI BT R R TED Z LA EFELT,

SHBOERE LT B L VBRI LA T LRIV E T 4 T ey I TF A —
NIV VR POBEREZEATLIZ LICEY., &F. 71 BRIt b D
EMcbE 7 v BILAM AL FNE SED 2 LN TE SREELRMEI O£ IZE ML
FRLE TE SO KB I | ARAT A M e & & A 53 2 Bl A sE A B O B 3 IFF C &
o Flo, B2V UBBR N Aa T VXNV EERETS (AX) 77U b— RN, EE
ABBEEAR S 2WERENATREE B 2 b, (KR H BT RV X— &=k LD
D, RHRME, BB L OBEENE, AR EOREEZ BEICa Y he— /L TE S RmEE
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FEBREH
Materials and Instrumentations.

1,4-Diiodoperfluorobutane,  1,6-Diiodoperfluorohexane,  (Perfluorobutyl)ethylene  and
(Perfluorohexyl)ethylene were provided by TOSOH FINECHEM CORPORATION.
Decafluoropentane (Vertrel™ XF) was purchased from Chemours-Mitsui Fluoroproducts Co.,
Ltd. Di-tert-butyl peroxide (DTBPO) was purchased from NOF CORPORATION. The other
starting materials were purchased from Tokyo Chemical Industry Co., Ltd. or FUJIFILM Wako
Pure Chemical Corporation and used without further purification unless otherwise stated.

'"H and F NMR spectra were recorded on a Bruker Avance Il NMR spectrometer (!H: 400
MHz, YF: 376 MHz) and referenced to an internal standard (‘H: SiMes, 'F:
(trifluoromethyl)benzene). *C NMR spectra were recorded on a Bruker Avance III 800US Plus
NMR system (200 MHz) and referenced to an internal standard (SiMes). *C{'H} and 3'P NMR
spectra were recorded on a Bruker Avance III NMR spectrometer (100 MHz) and referenced to
an internal standard ("*C{'H}: SiMes, *'P: 85% H3POs). High-resolution mass spectra (HRMS)
were recorded on a Bruker timsTOF (IMS-QTOF) spectrometer (APCI, ESI). Elemental analyses
were performed on a MICRO CORDER JM11 (J-Science Lab Co., Ltd.) for carbon, hydrogen,
and nitrogen, and on a DIONEX ICS-1600 (Thermo Fisher Scientific Co. Ltd.) ion
chromatography system for fluorine and iodine. Gas chromatography (GC) were performed with
GC-2014 (Shimadzu Corporation) using TC-1 (GL Sciences) capillary column and an FID
detector. GC-MS were performed with GCMS-QP2010Ultra (Shimadzu Corporation) using TC-
1 (GL Sciences) capillary column.

Gel permeation chromatography (GPC) of the polymers was performed with HLC-8420GPC
(Tosoh Corporation) GPC system using TSKgel Super AWM-H (Tosoh Corporation) GPC
column at 40 °C and a differential refractometer as the detector. 1,1,1,3,3,3-hexafluoro-2-
propanol (Hexafluoroisopropanol, HFIP) and polymethyl methacrylate (PMMA) were used as the
solvent and the standard, respectively. Differential scanning calorimetry (DSC) of the polymers
was conducted on Q2000 (TA Instruments) in the temperature range of —70-200 °C at a heating
rate of 10 °C/min. Prior to performing the DSC measurements, the samples were preheated to
200 °C to eliminate the effects of thermal history. Thermogravimetric analysis of the polymers
was performed on a Rigaku Thermo Plus EVO TG-DTA in the temperature range of 20-500 °C
at a heating rate of 10 °C /min under an Ar atmosphere. X-ray diffraction (XRD) patterns of the
polymer powders were obtained by using a Rigaku SmartLab-SP/IUA X-ray diffractometer with
Cu Ka (1.54 A) radiation.

The static and dynamic contact angles were measured on DMs-401 (Kyowa Interface Science
Co., Ltd.). The static contact angles of water and methylene iodide (the volume of each was 2 uL)

were measured, and the surface free energy was calculated from the static contact angles using
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the Owens and Wendt equation®!. The dynamic contact angles were measured using
extension/contraction method. By inflating a droplet in contact with a solid surface and increasing
and decreasing the size of the droplet, an advancing contact angle (6,), a receding contact angle
(6:) were determined. The contact angle hysteresis, A9 (= 8, — 0), is often a result of the surface
reorganization and mobility. The average of the five readings was used as the data.

Differential scanning calorimetry (DSC) of the phosphonic acids was conducted on Thermo
plus EVOII DSC8230 (Rigaku Corporation) in the temperature range of 40-200 °C at a heating
rate of 10 °C/min under an N, atmosphere. Thermogravimetric analysis of the phosphonic acids
was performed on a Rigaku Thermo Plus EVO TG—DTA in the temperature range of 25-500 °C
at a heating rate of 10 °C/min under an Ar atmosphere. X-ray photoelectron spectra (XPS) were
measured on a JEOL JPS-9010 photoelectron spectrometer using a non-monochromatic Mg-Ka
X-ray source. The scans were carried out for each species of C, In, Sn, O, P and F, in which the
spectra were recorded with high resolution (0.025 ¢V) and averaging after twice-scans. The
charge-up shift of XPS spectra were canceled out by using the peak energy of contaminated
Carbon. Atomic force microscope (AFM) measurements were carried out with a Shimadzu
SPM9600 scanning probe microscope, which operating in air by a dynamic-mode on the scan

area of 10 mm x 10 mm with the scan rate of 0.8 Hz.
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Radical addition reaction between C6DI and C6E.

A 15 mL pressure tube was charged with a mixture of 1,6-diiodoperfluorohexane (5.33 g,
9.63 mmol), (Perfluorohexyl)ethylene (2.00 g, 5.78 mmol), and an initiator. The mixture was
heated at predetermined temperature for 1 h to 12 h. GC and GC-MS was used to monitor the

products after reaction.

Synthesis of Vinylene-Bridged Fluoroalkyl Building Blocks.

DTBPO 1mol% ' KOH 1.05 eq. A CeFral

150°C,1h Gy CeF1zl “MeOH,rt,1h CoF1s
1a 2a: 50% (2 steps)

CeFis X + IC4Fqyl

Synthesis of 2a. A round-bottomed flask was charged with a mixture of 1,6-
diiodoperfluorohexane (120 g, 217 mmol), (Perfluorohexyl)ethylene (45.0 g, 130 mmol), and di-
tert-butyl peroxide (DTBPO, 190 mg, 1.30 mmol). The mixture was heated at 150 °C for 1 h. The
excess 1,6-diiodoperfluorohexane was removed by vacuum distillation (0.1 MPa, 120 °C) to give
1a as a colorless oil. Without further purification, 1a was used for next reaction. 'H NMR (400
MHz, CDCl5): 6 = 4.63 (m, 1H), 3.28 (m, 1H), 2.88 (m, 1H); "F NMR and *C NMR spectra of
the crude mixture of 1 are included (vide infra). HRMS (APCI"): m/z calcd for Ci4HsFasI ([M]Y):
899.7919. Found: 899.7918.

To a crude mixture of 1a, a mixture of KOH (7.66 g, 137 mmol) in methanol (30 mL) was
added dropwise. The mixture was stirred for 1 h at room temperature and partitioned between
water and CH,Cl,. The organic layer was washed with aq. NH4Cl and evaporated. The residue
was then vacuum distillated (0.1 MPa, 150 °C) to give 2 as a colorless solid (50.2 g, 65.0 mmol,
50%, 2 steps). '"H NMR (400 MHz, CDCl5): 6 = 6.49 (m, 2H); '°F NMR (376 MHz, CDCl3): J =
—59.42 (m, 2F), —81.31 (t,J=11.3 Hz, 3F), —113.52 (m, 2F), —114.27 (m, 4F), —121.40 (m, 2F),
—121.80 (m, 2F), —122.04 (m, 2F), —123.29 (m, 2F), —123.80 (m, 4F), —126.58 (m, 2F); *C NMR
(100 MHz, CDCls): 6 = 128.23, 121.95 to 105.39, 93.21. Anal. calcd for Ci4H,F»sl: C, 21.78; H,
0.26; F,61.51; 1, 16.44. Found: C, 21.51; H, 0.30; F, 61.23; 1, 16.03.

DTBPO 1mol% | KOH 1.05 eq. /\/C4F8|
150°C,1h  ¢,F, CeFsl  “MeOH, rt,1h  CaFs

1b 2b

CiFg X+ ICFsl

Synthesis of 2b. An autoclave reactor (100 mL) was charged with a mixture of 1,4-
diiodoperfluorobutane (92.2 g, 203 mmol), (Perfluorobutyl)ethylene (30.0 g, 122 mmol), and di-
tert-butyl peroxide (DTBPO, 178 mg, 1.22 mmol). The mixture was heated at 150 °C for 1 h. The
excess 1,4-diiodoperfluorobutane was removed by vacuum distillation (0.1 MPa, 100 °C) to give

1b as a colorless oil. Without further purification, 1b was used for next reaction. 'H NMR (400
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MHz, CDCl;): § =4.63 (m, 1H), 3.23 (m, 1H), 2.85 (m, 1H); '°F NMR spectra of the crude mixture
of 1b are included (vide infra).

To a crude mixture of 1b, a mixture of KOH (7.18 g, 128 mmol) in methanol (30 mL) was
added dropwise. The mixture was stirred for 1 h at room temperature and partitioned between
water and CH,Cl,. The organic layer was washed with aq. NH4Cl and evaporated. The residue
was then vacuum distillated (0.1 MPa, 100 °C) to give 2b as a colorless oil (31.4 g, 54.9 mmol,
45%, 2 steps). 'H NMR (400 MHz, CDCl): 6 = 6.49 (m, 2H); 'F NMR (376 MHz, CDCls): § =
—59.45 (m, 2F), —81.56 (t,J=11.3 Hz, 3F), —113.12 (m, 2F), —114.63 (m, 4F), —122.95 (m, 2F),
—124.75 (m, 2F), —126.32 (m, 2F).

o |
DTBPO 1mol% KOH 1.05 eq. P
° - CeF12l > C4Fy
150°C,1h  c,F, MeOH, r.t., 1 h

1c 2c

CFy XX + ICGFyl

Synthesis of 2c. A pressure tube (15 mL) was charged with a mixture of 1,6-
diiodoperfluorohexane (112.5 g, 203.2 mmol), (Perfluorobutyl)ethylene (30.0 g, 122 mmol), and
di-tert-butyl peroxide (DTBPO, 178 mg, 1.22 mmol). The mixture was heated at 150 °C for 1 h.
The excess 1,6-diiodoperfluorohexane was removed by vacuum distillation (0.1 MPa, 120 °C) to
give 1¢ as a colorless oil. Without further purification, 1¢ was used for next reaction. 'H NMR
(400 MHz, CDCl5): 6 = 4.63 (m, 1H), 3.26 (m, 1H), 2.86 (m, 1H); '’F NMR spectra of the crude
mixture of 1c¢ are included (vide infra).

To a crude mixture of 1¢, a mixture of KOH (7.18 g, 128 mmol) in methanol (30 mL) was
added dropwise. The mixture was stirred for 1 h at room temperature and partitioned between
water and CH,Cl,. The organic layer was washed with aq. NH4Cl and evaporated. The residue
was then vacuum distillated (0.1 MPa, 110 °C) to give 2¢ as a colorless oil (34.4 g, 51.2 mmol,
42%, 2 steps). 'H NMR (400 MHz, CDCls): 6 = 6.49 (m, 2H); 'F NMR (376 MHz, CDCl;): § =
—59.52 (m, 2F), —81.58 (t,J = 7.5 Hz, 3F), —113.52 (m, 2F), —113.56 (m, 2F), —114.67 (m, 2F),
—121.54 (m, 2F), —121.91 (m, 2F), —123.82 (m, 2F), —124.79 (m, 2F), —126.35 (m, 2F).

DTBPO 1mol% ' KOH 1.05 eq. C.F.l
- - 48
° B} CaFsl  “MeOH, rt, 1h CoFry” N
150°C,1h  C.F,q eOH, r.t.,
1d

CeFrs” X+  IC4Fgl

2d
Synthesis of 2d. A pressure tube (15 mL) was charged with a mixture of 1,4-

diiodoperfluorobutane (65.6 g, 144 mmol), (Perfluorohexyl)ethylene (30.0 g, 86.7 mmol), and di-

tert-butyl peroxide (DTBPO, 127 mg, 0.867 mmol). The mixture was heated at 150 °C for 1 h.

The excess 1,4-diiodoperfluorobutane was removed by vacuum distillation (0.1 MPa, 100 °C) to

give 1d as a colorless oil. Without further purification, 1d was used for next reaction. 'H NMR
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(400 MHz, CDCl5): 6 = 4.63 (m, 1H), 3.23 (m, 1H), 2.85 (m, 1H); '’F NMR spectra of the crude
mixture of 1d are included (vide infra).

To a crude mixture of 1d, a mixture of KOH (5.11 g, 91.0 mmol) in methanol (20 mL) was
added dropwise. The mixture was stirred for 1 h at room temperature and partitioned between
water and CH,Cl,. The organic layer was washed with aq. NH4Cl and evaporated. The residue
was then vacuum distillated (0.1 MPa, 110 °C) to give 2d as a colorless oil (23.9 g, 35.6 mmol,
41%, 2 steps). 'H NMR (400 MHz, CDCls): 6 = 6.49 (m, 2H); 'F NMR (376 MHz, CDCl;): § =
—59.45 (m, 2F), —81.38 (t, J=11.3 Hz, 3F), —113.08 (m, 2F), —114.42 (m, 4F), —122.12 (m, 2F),
—121.98 (m, 2F), —123.36 (m, 2F), —123.83 (m, 2F), —126.67 (m, 2F).

Ethylene 1.0 eq.
C6F13/\/CGF12| —>D:1B5Pi1:‘:l% CGF”/\/CGFu\/\I
2a 3
Synthesis of 3. Compound 2a (25.0 g, 32.4 mmol) and DTBPO (94.7 mg, 0.65 mmol) were
charged into an autoclave reactor (volume: 100 mL). Then, ethylene (1.0 MPa) was charged into
the autoclave reactor. The reaction mixture was stirred at 115 °C for 1 h. The unreacted ethylene
was purged from the autoclave reactor. All volatiles were removed under reduced pressure to
afford 3 as a colorless solid (25.9 g, 32.4 mmol, 100%). '"H NMR (400 MHz, CDCl;): § = 6.49
(m, 2H), 3.24 (m, 2H), 2.71 (m, 2H); ’F NMR (376 MHz, CDCl;): 6 = —81.26 (t, J = 11.3 Hz,
3F), —114.26 (m, 4F), —115.31 (m, 2F), —121.97 to —122.25 (m, 6F), —123.30 (m, 2F), —123.83
(m, 6F), —126.55 (m, 2F); ¥C NMR (100 MHz, CDCls): 6 = 128.25, 121.54 to 105.62, 36.61,

11.92; HRMS (APCI*): m/z caled for C16HFasI ([M]%): 799.9110. Found: 799.9110.

1) DMF, 130 °C, 20 h
2) H,SO,4, MeOH, 60 °C, 2 h
CoF 2S04, ; ; CqF
CeF13/\/ I CeF13/\/ 12 "0oH

3 4

Synthesis of 4. To a 100 mL two-neck round-bottom flask equipped with a reflux
condenser and a magnetic stirrer were introduced 3 (20.0 g, 25.0 mmol) and DMF (40.0 g, 547
mmol). Then, the mixture was purged with nitrogen for 20 min and 1.0 g of deionized water was
added through a septum. The reaction mixture was heated up to 130 °C and stirred for 20 h. Then,
the total product mixture was cooled down to room temperature and a mixture of H.SO4 (3.0 g)
in methanol (10 g) was added dropwise. The reaction stirring was maintained at 60 °C for 2 h.
Water (100 mL) was added, and the reaction mixture was extracted with diisopropyl ether (100
mL) in a separating funnel. The organic phase was dried over MgSO4 and evaporated. The residue
was then recrystallized from toluene to give 4 (13.8 g, 20.0 mmol, 80%) as a colorless solid. 'H
NMR (400 MHz, CDCls): 6 = 6.50 (m, 2H), 4.00 (m, 2H), 2.40 (tt, J = 18.8, 6.4 Hz, 2H), 1.59
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(brs, 1H); F NMR (376 MHz, CDCly): 6 = —81.29 (t, J = 11.3 Hz, 3F), —113.80 (m, 2F),
~113.93 (m, 4F), —122.24 (m, 4F), —122.30 (m, 2F), —123.79 (m, 2F), —123.87 (m, 4F), —123.95
(m, 2F), —126.56 (m, 2F); 3C NMR (100 MHz, CDCls): & = 128.05, 125.72 to 107.83, 55.28,
33.97; HRMS (ESI'): m/z caled for C1eHgFas0 (IM—H]"): 689.0025. Found: 689.0025.

KOH 1.05 eq.
C6F13/\/CGF12\/\I - C6F13/\/C6F12%
MeOH, r.t., 1 h
3 5

Synthesis of 5. Compound 3 (5.00 g, 6.25 mmol) was charged into an 100 mL two-neck
round-bottom flask equipped with a magnetic stirrer. Then, a mixture of KOH (368 mg, 6.56
mmol) in methanol (2 mL) was added dropwise. The mixture was stirred for 1 h at room
temperature and partitioned between water and CH,Cl,. The organic layer was washed with aq.
NH4CI and the organic phase was dried over MgSO4 and evaporated. The residue was then
purified by silica gel column chromatography (ethyl acetate/hexane 1:4) to give 5 (3.78 g, 5.62
mmol, 90%) as a colorless oil. "H NMR (400 MHz, CDCls): = 6.48 (m, 2H), 5.97 (m, 2H), 5.80
(m, 1H); F NMR (376 MHz, CDCls): 6 =—81.43 (t,J = 11.3 Hz, 3F), —114.41 (m, 6F), —122.03
(m, 6F), —123.37 (m, 2F), —123.86 to —124.17 (m, 6F), —126.71 (m, 2F).

OH
"5 eq. |
\/C Fuol DTBPO 1mol% C.F \)\/OH
6F12 - éF12
CoFrs” D 140°C,1h CoFrg N
2a 6

Synthesis of 6. A pressure tube (15 mL) was charged with 2a (10.0 g, 13.0 mmol), allyl
alcohol (1.13 g, 19.4 mmol), and di-tert-butyl peroxide (DTBPO, 38 mg, 0.26 mmol). The mixture
was heated at 140 °C for 1 h. The volatile residue was evaporated and then purified by silica gel
column chromatography (ethyl acetate/hexane 1:4) to give 6 (8.82 g, 10.6 mmol, 82%) as a white
solid. 'H NMR (400 MHz, CDCl;): 6 = 6.50 (m, 2H), 4.45 (m, 1H), 3.82 (m, 2H), 3.01 (m, 1H),
2.75 (m, 1H), 2.05 (t, J= 6.8 Hz, 1H) ; ’F NMR (376 MHz, CDCl;): § = —80.95 (t,J= 11.3 Hz,
3F), —112.38 to —114.69 (m, 6F), —121.74 (m, 6F), —122.98 (m, 2F), —123.53 (m, 6F), —126.29
(m, 2F).

Bu3SnH 2.0 eq.
AIBN 10mol%

|
CeF OH
CeF - 2 SN N
CoF4 e Vo 12\)\/OH 70°C, 12 h CeFi3

3

6 7

Synthesis of 7. To a stirred solution of 6 (5.00 g, 6.02 mmol) in dry toluene (25 mL) at
90 °C under nitrogen, BusSnH (3.50 g, 12.0 mmol) and AIBN (99 mg, 0.60 mmol) were added.
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After the mixture was subsequently heated at 70 °C for 12 h, the solvent was evaporated. The
residue was then recrystallized from hexane to give 2 as a white solid (3.18 g, 75%). '"H NMR
(400 MHz, CDCl3): 6 = 6.50 (m, 2H), 3.75 (m, 2H), 2.22 (m, 2H), 1.87 (m, 2H), 1.39 (t, /=4.8
Hz, 1H); F NMR (376 MHz, CDCls): 6 = —81.34 (t,J = 11.3 Hz, 3F), —114.38 (m, 4F), —114.85
(m, 4F), —122.11 (m, 6F), —123.38 (m, 2F), —123.95 (m, 6F), —126.67 (m, 2F).
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Synthesis of Vinylene-Bridged Fluoroalkyl (Meth)acrylates.

HO N

o 15eq. o
p-TsOH 10mol%
/\/C6F12\/\ - C.F
CeF1a OH ' Toluene, reflux, 12 h C6F13/\/ 6 12\/\0)v
4 8a

Synthesis of 8a. To a solution of 4 (5.00 g, 7.24 mmol), p-toluenesulfonic acid monohydrate
(276 mg, 1.45 mmol) and hydroquinone (10 mg) in toluene (20 mL), acrylic acid (783 mg, 10.9
mmol) was added. The vigorously stirred reaction mixture was heated under reflux for 12 h. A
Dean-Stark apparatus was used for the continuous removal of the water. The reaction mixture
was then cooled, and water (50 mL) was added. The reaction mixture was extracted with
diisopropyl ether (100 mL) in a separating funnel. The organic phase was evaporated under
reduced pressure. The residue was then purified by silica gel column chromatography (ethyl
acetate/hexane 1:4) to give 8a (4.42 g, 5.94 mmol, 82%) as a colorless oil. 'H NMR (400 MHz,
CDCl3): 6 =6.51 (m, 2H), 6.43 (m, 1H), 6.13 (m, 1H), 5.89 (m, 1H), 4.46 (t,J = 6.4 Hz, 2H), 2.51
(tt, J = 18.4, 6.4 Hz, 2H); 'F NMR (376 MHz, CDCl5): § = —81.29 (t,J = 11.3 Hz, 3F), —114.01
(m, 2F), —114.13 (m, 4F), —122.02 (m, 4F), —122.22 (m, 2F), —123.30 (m, 2F), —123.82 (m, 4F),
—123.90 (m, 2F), —126.54 (m, 2F); *C NMR (100 MHz, CDCl3): 6 = 165.65, 131.37, 128.20,
127.81, 121.52 to 107.98, 56.40, 30.63; HRMS (ESI’): m/z calcd for Ci9HoF»50-Na ([M+Na]"):
767.0096. Found: 767.0096.

Me

HO\[(&

o 15eq. o)
p-TsOH 10mol% C.F
C6F13/\/C6F12\/\0H C6F13/\/ 12 "0
8b Me

Toluene, reflux, 12 h
4

Synthesis of 8b. To a solution of 4 (5.00 g, 7.24 mmol), p-toluenesulfonic acid
monohydrate (276 mg, 1.45 mmol) and hydroquinone (10 mg) in toluene (20 mL), methacrylic
acid (936 mg, 10.9 mmol) was added. The vigorously stirred reaction mixture was heated under
reflux for 8 h. A Dean-Starck apparatus was used for the continuous removal of the reaction water.
The reaction mixture was then cooled, and water (50 mL) was added. The reaction mixture was
extracted with diisopropyl ether (50 mL) in a separating funnel. The organic phase was evaporated
under reduced pressure. The residue was then purified by silica gel column chromatography (ethyl
acetate/hexane 1:4) to give 8b (5.21 g, 6.87 mmol, 95%) as a colorless oil. "H NMR (400 MHz,
CDCl): 6 = 6.52 (m, 2H), 6.13 (m, 1H), 5.61 (m, 1H), 4.45 (t,J= 6.4 Hz, 2H), 2.51 (tt, /= 18.4,
6.4 Hz, 2H), 1.95 (m, 3H); YF NMR (376 MHz, CDCl3): § =—81.29 (t,J= 11.3 Hz, 3F), —113.98
(m, 2F), —114.10 (m, 4F), —121.98 to —122.21 (m, 6F), —123.30 (m, 2F), —123.79 to —124.06
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(m, 6F), —126.54 (m, 2F); *C NMR (100 MHz, CDCl3): § = 166.60, 135.58, 127.83, 125.75,
121.21 to 107.67, 56.25, 30.33, 17.61; HRMS (ESI"): m/z calcd for C,0H;:F250,Na ([M+Na]*):
781.0252. Found: 781.0257.

Synthesis of Polymers.

A solution of acrylate monomer (5.28 mmol) and AIBN (8.7 mg, 0.053 mmol) in 2-butanone
(20 mL) was purged with nitrogen for 20 min and then heated up to 70 °C and stirred for 12 h
under a nitrogen atmosphere. The polymers produced were precipitated in the solvent during
polymerization and recovered by means of solvent evaporation. The polymers were purified by
first dissolving in methyl nonafluorobutyl ether and then reprecipitating in hexane. The purified
polymers were dried in a vacuum oven at 60 °C, overnight. Polymer 9a appeared as a rubbery
solid, while polymers 9b, 11b were colorless solid and the other polymers were obtained as white

solids.

Preparation of Polymer Films.
Polymer samples were dissolved in decafluoropentane (concentration: 1wt%), and a Si wafer
was coated with this solution by the spin-coating method (2000 rpm, 30 s). The films described

in this paper were not annealed, unless mentioned otherwise.
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Synthesis of Phosphonic Acids.

P(Oi-Pr); 3.5 eq. CeF12 _Oi-Pr
(Oi )3 q‘ CGF13/\/ \/\P\ .

140 °C, 8 h S Oi-Pr
3 12

CeF
CGF»]/\/ 6 12\/\|

3

Synthesis of 12. A mixture of 3 (5.00 g, 6.25 mmol) and P(O'Pr); (4.55 g, 21.9 mmol) was
heated to 140 °C under nitrogen for 8 h. The volatile compounds were removed under vacuum
(140 °C, 1 kPa) and the residue was then purified by silica gel column chromatography (ethyl
acetate/hexane 1:4) to give 12 (4.09 g, 4.88 mmol, 78%) as a colorless oil. 'H NMR (400 MHz,
CDCl): 6 = 6.50 (m, 2H), 4.73 (m, 2H), 2.35 (m, 2H), 1.94 (m, 2H), 1.334 (dd, /= 6.4, 2.8 Hz,
12H); 'F NMR (376 MHz, CDCl3): § = —81.32 (t, J = 11.3 Hz, 3F), —114.42 (m, 4F), —115.86
(m, 2F), —122.16 to —122.41 (m, 6F), —123.42 (m, 2F), —123.94 to —124.04 (m, 6F), —126.73 (m,
2F); 3C NMR (100 MHz, CDCls): 6 = 127.78, 118.56 to 107.11, 70.42, 25.12, 23.51, 17.98; 3'P
NMR (100 MHz, CDCls): & = 26.02; HRMS (APCI"): m/z calcd for CigHgF2s0 ([M+H]):
839.0824. Found: 839.0828.

c 1) TMSBr5.0eq.,r.t., 2 h c

F - F

CeF13/\/ 6 12\/\P:Ol Pr  2) MeOH (excess), r.t, 2h CeF13/\/ 6 12\/\P(0H
(II) Oi-Pr CH,Cl, (II) OH

12 13

Synthesis of 13. In a 100 mL three-necked flask equipped with a magnetic stirrer, a
condenser, and a dropping funnel, and under nitrogen flow, 4.00 g (4.77 mmol) of 1 and 40 mL
of CH»Cl, were introduced. Then, 3.10 mL (23.9 mmol) of bromotrimethylsilane were added in
a dropwise manner and the mixture was stirred at room temperature for 2 h. Then, solvent and
volatile residues were evaporated (40 °C, 10 kPa). The alcoholysis of the silylated intermediate
was realized by adding an excess of methanol (10 mL). The mixture was stirred at 25°C for 2 h,
and the resulting precipitate was filtered and dried under vaccum to give 13 (3.40 g, 4.31 mmol,
90%) as a white solid. '"H NMR (400 MHz, CD;OD): & = 6.96 (m, 2H), 2.42 (m, 2H), 1.93 (m,
2H); F NMR (376 MHz, CD;0D): § = —81.32 (t, J = 11.3 Hz, 3F), —113.83 (m, 4F), —115.55
(m, 2F), —121.59 to —121.90 (m, 6F), —122.95 (m, 2F), —123.48 to —123.62 (m, 6F), —126.39 (m,
2F); 3C NMR (200 MHz, CD;0D): & = 130.27 to 129.45, 120.84 to 108.26, 26.64, 19.30; 3'P
NMR (100 MHz, THF-d8): & = 26.14; HRMS (ESI'): m/z calcd for CisHsF2sO ([M—H]):
752.9739. Found: 752.9732.
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Pretreatment of Substrates for SAM deposition.

ITO-coated glass substrates (AS ONE CORPORATION; thickness 0.7 mm, 25 x 25 mm for
contact angle measurements, 10 x 10 mm for AFM and XPS measurements) were cleaned by
sonication in 2-propanol and then dried under flowing nitrogen, followed by UV-o0zone (UVO)
cleaning for 30 min using Desktop UV Ozone Cleaning Equipment PL16-110 (AS ONE
CORPORATION). After the UVO treatment, the substrates rinsed successively by 2-propanol
and deionized water, then dried thoroughly. Stainless steel plates (SUS304; KASUGAI CO.
LTD.; thickness 2 mm, 30 x 15 mm) with a mirror polished side were cleaned by successive
sonication in 2-propanol and deionized water and dried in an oven at 120 °C, overnight. All

substrates were used immediately after preparation.

Protocols for SAM deposition.

SAMs of fluorinated phosphonic acids were formed on the ITO-coated glass and stainless steel
substrates by immersing in 1 mM 2-propanol solution at room temperature for 24 h followed by
rinsing with 2-propanol. These samples were provided for investigation of surface free energy,
contact angle hysteresis, thermal stability and surface characterization using XPS and AFM
measurements. For kinetics studies, SAMs of fluorinated phosphonic acids were formed on the
ITO-coated glass and stainless steel substrates by immersing in 1 mM 2-propanol solution at room
temperature for desired time interval and after removal from solution they were rinsed with 2-
propanol. The contact angle was measured and then sample was dried and returned to the solution
for the next time interval. This sequential process was continued until saturation in contact angle

was observed.

Thermal stability studies of SAMs.

Thermal treatment was carried out for 6 h under air in a muffle furnace FM27 (Yamato

Scientific Co., Ltd.). Samples were subsequently cooled down to room temperature.
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List of Abbreviations.

SAMs
PFOA
POPs
PFHxS
AIBN
BPO
DTBPO
GC
MS
APCI
NMR
ESI
DSC
TGA
XRD
ITO
XPS
AFM
RMS

self-assembled monolayers
perfluorooctanoic acid

persistent organic pollutants
perfluorohexanesulfonic acid
2,2’-azobis(isobutyronitrile)
benzoyl peroxide

di-tert-butyl peroxide

gas chromatography

mass spectrometry

atmospheric pressure chemical ionization
nuclear magnetic resonance
electrospray ionization
differential scanning calorimetry
thermogravimetric analysis

X-ray diffraction

indium tin oxide

X-ray photoelectron spectroscopy
atomic force microscopy

root mean square
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