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ABSTRACT

In recent years, poly(vinylidene fluoride) (PVDF) has received much attention
because of its well-known physical and chemical properties, such as high-temperature
stability, excellent chemical resistance, low water sorption and low dielectric constant.
and so on. PVDF has been widely used for biomedical and other advanced
technological applications. Just like the other diclectric polymers, its characteristic
low surface energy and resulting strong adsorption of proteins and low
biocompatibility have created numerous technical challengers. In this connection,
amount of researches have been devoted to the surface modification of PVDF.

Firstly, in my thesis, controlled grafiing of well-defined polymer brushes on the
poly(vinylidene fluoride) (PVDF) films was carried out by the combination of
chemical treatment and surface-initiated atom transfer radical polymerization (ATRP).
Surface-initiators were immobilized on the PVDF surfaces by surface hydroxyl
functionalization and esterification of the hydroxyl groups covalently linked to the
surface with 2-bromoisobutyrate bromide. Homopolymer brushes of methyl
methacrylate (MMA) and poly(ethylene glycol) methyl ether methacrylate (PEGMA)
were prepared by surface-initiated ATRP from the a-bromoester functionalized PVDF
surface. The chemical composition of the graft-functionalized PVDF surfaces was
characterized by X-ray photoelectron spectroscopy (XPS) and attenuated total
reflectance (ATR) FT-IR spectroscopy. Kinetics study revealed a linear increase in the
graft concentration of poly(methyl methacrylate)(PMMA) and poly(poly(ethylene
glycol) methyl ether methacrylate)(PPEGMA) with the reaction time, indicating that
the chain growth from the surface was consistence with a “controlled” or “living”
process. The “living” chain ends were used as the macroinitiator for the synthesis of
diblock copolymer brushes. Water contact angles on PVDF films were reduced by
surface grafting of PPEGMA and PMMA.

Well-defined comb copolymer brushes from PVDF surface was also carried out.
Surface initiators were generated on the PVDF surface by hydroxyl functionalization

via chemical treatment, followed by 2-bromoisobutyration of hydroxyl groups.
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Poly(hydroxyethyl methacrylate) (PHEMA) brushes were first prepared by
surface-initiated atom transfer radical polymerization of trimethylsilyl-protected
hydroxyethyl methacrylated (HEMA-TMS) from the PVDF surface. Kinetics study
revealed a linear increase in the graft concentration of PHEMA with the reaction time,
indicating that the chain growth from the surface was consistent with a “controlled” or
“living” process. 2-Bromoester moieties were attached to the side chain of grafted
PHEMA by reaction of the trimethylsiloxyl groups’with 2-bromoisobutyrate bromide.
The comb copolymer brushes were subsequently prepared via surface-initiated atom
transfer radical polymerization of poly(ethylene glycol} methyl ether methacrylate
(PEGMA). The chemical composition and topography of the modified PVDF surfaces
were characterized by (ATR) FT-IR spectroscopy, XPS and atomic force microscopy
(AFM), respectively. Highly hydrophilic surface of densely grafted copolymers was
indicated by measurement of water contact angles.

And then the direct preparation of grafting polymerization from commercial
PVDF films using surface-initiated atom transfer radical polymerization was
demonstrated. The secondary fluorinated sites were used for surface-initiated ATRP of
hydrophilic monomers. Homopolymers brushes of poly [2-(N, N-dimethylamino) ethyl
methacrylate (PDMAEMA) and poly(poly(ethylene glycol) monomethacrylate)
(PPEGMA) were directly prepared by ATRP from PVDF surface. The
microstructure and chemical composition of grafted PVDF films were characterized
by ATR-FTIR and XPS. The topography of grafted PVDF films was measured by
AFM. Kinetics study revealed a linear increase in the graft concentration of polymer
brushes with the reaction time, indicating that the chain growth from the surface was
consistence with a “controlled” or “living” process. The “living” chain ends were
used as the macroinitiator for the synthesis of diblock copolymer brushes. Water
contact angles on PVDF films were reduced by surface grafiing polymerization of
PPEGMA and PDMAEMA. Protein adsorption experiments revealed improved
antifouling property of polymer brushes-grafted PVDF surfaces.

Key Words: Poly(vinylidene fluoride); ATRP; surface modification; polymer
brushes; hydrophilicity; antifouling property

v



MGt 7 R

ANFHF R RAAESIIGS T WIS T4 REELY
UIFESR. RITE, BT ICPRR RO SR BB A T A, B R AR
WAL RRTRELOTAR, EFEELES_$ 8 24 ULusEn
IR GBS T P R R 53R — R T AR B R 5 AB ST B0 £ 40 7k
BYCARR P R 7 IR A0 U B R R

plprfass: MRE SR 20067 5 A 288

TR SCRRAR AR A4

ARMRAEE RS TR E & KRG HRRE, AR HRE, 51
TREF R EFT BN R R0 B R, Ao SO A R
Bl ANER D G K5 LIS 0 A IS B R AT IR T
K&k, WLURHIRBEL. SRS ERTRTE, ¥t

(RE WA AR Y B ERARRE)

ERRTEE S w@—{:@ ST, gg{ ﬁ

e H A, 2006 455 728 H AR 20065 H T
BRI TEEFEVESR, LA
THEAS: UAREFTHEER R A%

iR ' B



g—F ik

BE 4w
115§

SRR SWTELIZHOWN, TEERNRISE (PTFE), RiRH LI
(PVDE), RAMZM (PVF) DIREHFRMIERS. ©iR ZOmRER, Flin
mE R, RPN, R KEREA . SRREYL
B R F A R PR, el THEPRAYEAN. MTREHE
FUESY, AEILRMAR SR RIS SN TE, CELIT HEHEAL
2. i, ERESY SRR SARES N AT R T MM T HE T
W RHARLES, HESSHERMEESRARAYHELN, TRARGVHN
Sk P Al B BRI R 1 R B b A G 1R V55 T T B0 B TS B, MOSL AR
IR R . XL B ST KBTI & BB SRR AL, 25
HEHEA T, KBTUEL S R GYREDSIERS S B AT
e, TIARBEA . CAEBEE 4 TR R RS0
i, RENEREAYRENTERRL, BT ERR AR IR
Hoh ek, KEFRIT AR EFALE, TERGE, £YRMERLY
WA, DRSS B, KBRS FR AR T b
fRERIAE S EMERM R R EER L.

RRHZ M (PVDF) 155 —Fh Bt BT R SRR R YT
il i RS, MMEE ) IS REOOE. HEMT PVDF MEX
T B GG 1 3 7K M 58 EC 7 L S PR e S B BB, (R 3RS BT R MLHAE
PP R B R R AR A BB ARAE, LS R B AR 5 9 B D SRR
M. Fik, FEARESSSRENEEN T S nEM0Es dn. 35,
EHE, M, BiAes) REXEEM. FL PVDF T AR, #&XE
AR B IR T
1.2 fR SRR TT I

XS R A PR T B R S TR LB AL A3, B TR, O AT
ECRALIE, KA LR AR,



-8  #WR

1.2.1 {psghh s

T FHALZERFURE PVOF 304740 22 A0 LR 5 HELZR T A S5 /R Pt 22— bl SRS
FE A SRR P NS SRR S & BREMES HHR MRS
W R, SR, BeRFEFD, BaREAY, misER, W
SRESHY™, Bty RReEnmnP Y oA T ERRAWE
TS RIS . BRI SR KA, i,
$ASE 83230 P 10) 1o g v g ROV, 3 B A 4 S 2 O A SR
HeThEeak, WERESYE BB, Hideokise 5 ANIRIE I A BAEL
F4H T, PVDF £ NaOH L ¥R MM HF JE LR AU A28 1. kF 1%
W AEET A ZERE_E SR A KOH i b B iR FIE 4 3 A b= A R iR MR
R T IEANE. HAh Mol 1yPH it W5 5 4k 2 B TR PVDF BRR TS | AR
. Duputel 1USEHAE 9 R, M SO./BEEE= T Bafs & 1E AL 2
HTEEL. T PVDF 24 iiase, B % KA M4k 2 — R B e R IR
5%, LiOH FHs 7% NaOH. KOH Zi3, BTLAA] LiOH {F 43R thimii i HF 2R M i%
FhF, Jacqueline™ VAR LiOH {ER T =B UL7E PVDF RES|I AR,
FEEEMAMREKTAR 15 E, REFKEEINHERE,
1.2.2 FEFHLHE

FIRSE PR RRAYEREA TV ENARE, AR RS &R
$hpEf O LIRS, WAMX T EIERA T B ERRRE TEAPNREMS
s, RERTE, FEAEEHBIHNRTEYE. SETARLETERRE
JLEFULTREMLEAR, RS ERARER. S8BT 4% B Re
¥E Ar, 0., SO, 70 NH, %%, RIS I A0 % 8 TR M MERRY R I R5E T 5k
o AR R A, L a s, faamd sl e TERETHLE
R4 TRIE R, O TREREDRIDIDEHE, TR, EMHFTER
F L. Duca M DPY% ASE A Ar S8 74246 PVDF R, RN LRSS
BT B 1 (DA S B ) R B A P R B R T B M A B
BAE T 10 B2 % BB FHPMBRRRESSHES 2L ROGTRITHE
3 FL7 B 754 IR 3 T8 11 S A R 4T 2 (A1) I B 0 4k Ry B RE AR B i
. LB EE SorF ML F IR LS MR R S IR



1.2.3 matahs

ERE LW R REURE), F RS EPVESE Xray, v -ray,
UV, e, BFEAE TR, KEMMBet BN TiREmREEEM (CHIE,
AR E S RE YRR WARMSN IR, wREDERMRES
Bl —CooHP, —OHPY, —NHPN%E, AR TREERES
MR TR, 45 RAEH L ROV N e LU R R TR & ) « B3 Clochard. M-CLY”
2 )\ JE B T R AR STV ZE PVDP R RINEAR T 3K e A MG ), REK
MR R E,
1.2.4 FEERELENAELE

PR AT B A SR PR RRYREHF SR E AN, #ERm
BE, MERERIEESEED. EafRmnRmEgan™. JiE
KBS RS FA NS ERTDEE, MEFESYIRERRNEE. 277
FrHEATREERDMINE .
1.2.5 RELE

B LA AR T LA L SRR AT S AL S A, Bromdino!*1%
Wit sei8 B PYDF FESIAT R, Hit S SR KE bR E LN R A5
KRB A SN, kITERERATRARSY, AET 2N AA&F TS
REREYNIFER.
1.2.6 LB 7 AR AL
FIFHSETH, RIMEFHG F R &R SYAFEL T R
(—) BEYRSTEATES, ArelhRzgkiig
(Z) S FEMMER
(=) BEYRIGHAEW, BEMRITERTHKEM
(I1) BoYRESERE IS, il SRR ERERBIRYR
() BHEERSYRIRED AT

UbAh, RIS E PR, oo kR R, RS EARS,
STAEFAE HIA A R, SR ANREMED HRKKRIRE

1.3 “aif/EE” A mERSHEREYR



1.3.1 #EXERH

FHERDLEET £HEE A hETERE, SRS A HER e A
. AE E EE S PE TR A hER S I ATRR) R AT I AR S
(RAFTI | ATRP HikRREE B EE/ it QHERESER, B
Afehr A AL FINESHE, HREH T &M OB R ERG B ILE, W 244,
R EEEE, NSRBI AT, ATRP FTEAE R T R MBS0 20T,
aF:

(DRI 4 iR

4y FRTTHE, FHbH R A A I i m

QR FRSHEERE

WHEBH G, THLMhmaRE-— PERRS

G)TE 55— Bk Bk BRIA B 100%8, BAMAH M, o R IRE &M mik
Bt iR, ARMFENR

ATRP FHRZ FHETFREAFRETREHORSET N RS FIRHRA
FER BT EHEFHBAMERAFE S FENESMREZIKREFS
M.
ATRP EEA R IR AN T -

R—X + CuX/BPY=——R® + CuX,/BPY X=ClLBr w-— 5[}
+M

R—M-X+ CuX /BPY==== R-M-+ CuX,/BPY
R > sk
Pn—X + CuX/BPY=—==Pn- + CuX,/BPY )

+M

R E, LT RAENSHEBERELY () (D) WEHMMLY
RX PR BT X, RS R R - R T ARSI S R E e Cu(D
AR - TSR RERS, BAEAHRE RN R-M - TARARENSBEC
G A CuCll) X, "R B HT PN A R T R AR AL R, A RM-X PRHRA, JF
$4 B LA Cu (1) X 36 BAEFLE Cu(1)X, MR RM-X I R-X — 8 (T8
BB AT Cul T) % A i 5 B4 B R G R-M =0 Cu (T0) X,y BT R -4
Cu () X, S AT J ick 38 2 Sl AY R 4 B R-M-X A Cu( 1) X, TUTE B iR & B
EATRIFIRT , B SRR — A E R R SH LS T o W RIR T T L 7



P R

TS R P A ALY R T N E L 2 R M) 7
We RS E H R AR R TFRBILRE, TURE R T
R RS, RNGETERNMEEMN ML, BRERHEFESB AR,
BT HHERA R —MENIDRE, AR Cu(1)-X R Pn-X 8 AR BIZH]
0P ], ENEATRERI A FEE, RINEN SR T HRESES TR TE
st (BESMERATEN, XA AR R A R AR T RN A E.
1.3.2 BTHBBOERSHIIN

Maty jaszewski?1Z A% ATRP B& KM RIERMPIARMN, PIH o b b
44 S EREF N SRS K ATRP KR, A, Percec!™ 8 A HINIT
KT HEMB AL K.

B AT EVHR B L A ATRP B A B o -REFNEY, W -
RAEZH, o -FEREZE. FEE FHRE, o -mRBRENAY, We-R
KREMZE. o BARERLE. BEARTRIES: -afRBEELEY,
o -EZHE. o -EAIES: Saiky, mE s, S0%. Wk, SH3Em
SCl MBS HBBERR AR (PR FEMRERR R ARHRSI KA.
EEMRIFUE L, 4T R B iR SR MM 0 (InZHF L. 1,
9- G HIE) 7 FeCl, » 4H0/PPhy MHEALAE T, il LASUR I EFIHERT BEm
THES, MR T ATRP M5 R AEHE R,

1.3.3 BTHY HBERS HEARMELH

% ATRP HASI R RIS CuX (X=C1,Br). LAJE Sawamoto!™I%
TeyssieBU% A4+ RISEH Ru 1 Ni FIELEI -S40 REALAIEAT T MMA &) ATRP =
B, AR JERELT Lk kT B A EALTING ATRP . IXEEEALITH
BT, RITREN. EAFEMSIREARRRETHAN.

BRTHIE ATRP BB R PR — AN EEA M, BARELEEEMEMN
AV BB ML LB VE . Maty jaszewski 55 A B R ATRCAI R A RX ZAENE, B

SEifti. EERIOSIRARRIMEER, ARER, JRUETR.
RS B AT AT B o 5 R Maty jaszewski VSR AR AV MECBERTEERAC
(I OO AR5 38 — £ ATRP FAR R (6 ZILIE, Hadd) eton®™V 5 ASKAT 2-AEHE



B #it

BEgE WRORELRIF, ERSLIT ATRP (OEIAE RN . FRIRECIS A T)ig 48 TR s ik
FR BB EFEE P RS REN ATRP B &, AKRIES T e bR g i
LR E .

PN AR e ik L B fR, ARG EEILIEMAEGREBES.
DEesETHEENMEME 0N, N, NN, N -RREZTZEZR. T
W (o 2-TnE ISR E D . BERS W [N (ZFERLLE) BI%
B R RO T ORI, N AURCR S EUARE RE A .

1.3.4 BFHEBHRERSHRMA

SHADEER-SME, ATRP AE RSN R EIEREE, X ATRP BX
i 7 TE. BRTDAMIENALE ATRP RA R B H =K.

(1) BZHEBAREZLE WHEFRIHK. AEFRLE EELE. Xt
FEEZM. MPREEZE. NEPREZHE. NEAFERLE. M=FFEE
LI, M=\ PEEZLE. MR TEELEE;

(2) (BE) HEBE (P NEBRPIE. (FE HAERLE. (F
B WERETE. (F&) WA . (FR) WHMARKAEE. (FE)
E-2-ZETE. (BE) ARR_PEELES.

(3) wHREHR (FE) WHERE o (FIH) HAR-2-B4E. (F
) AHEBREE. (FE) ABBRSKITMER. ZHRENR8E. 57 (P85
HEERES, W (R WEE-1, -TESRER. (B AR T LmE
7 EERS. (AR FEH-8 - (N-ZE-2REEBBE) SEOl. T
AR THREECES, (PR WA 4+-2%ErE.

A% 1E, FH ATRP AN R RMEER R, ZHEEBE. KIHM
B HE 00 S B AA R
1.3.5 ATRP BA R H
1.3.5. | HI&ESFOMES

fEA—REN RS, RTEB B hEREBIS T EIARENRS
1. A HL A /CuX (X 4 CL,Br) /2,2 Bk (R 2,2 -bpy) 5K
BEIEFZFBEAUEINSTFESMIRECN 1 1-1. 2 MRy . HIXEFIRE
ZHMEESRT (100-200C) {HEIEWEER, BREGUHI FESAAT



BT R

e T2 M. B FEEBAYEKTE (. FHE-FE RSP M/ Mo
<1.1 {BEMPLE 2, 2' -bpy i b# FRBmEHERAER. DETE. &
Ta, ) ERE R AR N EREE. FERNESYIN ST ES K
% Mw/Mn~1. 04, XETAHAHARSHEBINRIKND TEIE.
1.3.5.2 HIERHFEREAREY

IR TR A h R S0 E, FEVLEA R (X CLBr) {EA3IK
mw,F%%X%%%ﬁ@%ﬁ?,ﬁﬁ?ﬁ?ﬁ%ﬁ%—ﬁﬁ%ﬂoﬁﬁwﬁ
FHEA SN B E TR CLg Sy AT R, mEE. BE. BRE.
VTR, B, 7ETiCLMEALT, BEZHEARMNEGER T SHNEZF &
KER T, SR LAER (AR T

ISR w4 B —FE RsE 2 (n-OH, -COOH, —CH=CH,) BIEHLELfE R 5|
B, W) 10050 B &A% LB aeE 2. CIE S A B R AR 3 AR EES
SRR, BRI, EIPES. BRER (R, 2RARRTE.
-MEHREZLE. 2R T W, SROEEE.

R 7 REHCEFRE, TR FEREE S SR C RS, RN
akEdi
1.3.5.3 Hl&RBRILEY

ERILBY RS TEMMEBESYIIIRARE . HHE ZH—XRKaD.
FAh I AT ER R A R A S A S R . 4 T8 R R T A
B IRY)

FE ATRP 7737 LA #2608 — B =M B R Y. SRBR LR WIR kAT LA
R TR A ATRP HEEIE S T SR, AR RN
U, EEMAS MR, EITEE TREIERY. B MR ATRP i
HASHEETHRST, RERRIHASTEENIEN, SIREIREE
o EE| i EILEY . MEBESIRFR ZERERERN, W P i P 7 VR T R
BE| = kBRI,

S R BT R T R B RS, Hb T ATRP SURAKIRSIARS
MR R R — T R S, BT Se i — R A ERIE ET LR ATRP X
Tk, T ATRP A RIRBIERY), MTOHEIE T — R SRR R BRY .



H—& i

e SR 2 R RS PEEASR SRR ZE AR RN, BEFREA
FEIMBE RS, AEMASTIIRN, CuCl/bpy ARENS. Al
RZERTIER TRS R TR TEB MRS, ARDIUUR - PR
e A BB ABA AUHR B IL IR

P AV VeV e HMeZSi—CHZCHOCHZCI —_—

C|CH2—-®'CHZCHZS/\/\/\/\/\/ SlCHZCH@CHECI

WA LA ST ATRP [ Eoft i M2 S 5 b 4 ik B R4 . (a0 5E /1) ATRP 132
SHEERGENREZBET KRR, RESIRITEKMS B TITHES,
B%] PSt-PTHF kB ILEA.
1.3.5.4 HEERESY

H ATRP FEHI% 2 RESERANERAS ERARLEMIELSIK
Hl. R CREE T, FENERESWRE RS THREARGY.
RZAERE MR, AmE 1.1 FiRE S ARG R LA ERERF

SE A, HAREIEIR PSt FIEAK PMMA.

: CH,Br CH,Br
OCCHC, CH,Br  BrCH, CH,Br
0 CH, O
[ | [ CH.B
Cl,CHCOCH;—G—CH,0CCHCI,  BICH; BrCH; cael
C.H; CH,Br CH,Br
1 2 3

E 1.1 ATHE&EREADNEERAKSIRAM

Fig. 1.1 Initiators with multi-founctional groups using for making star polymers



B8 H®

HET AT AET T ATRP BB Fi " EHI& £ B ERESY. WK ATRP
EHIEHAMENIHEY, RESETERELEMRN, BIZBEERESY.
1.3.5.0 HI&EEAARESY

ATRP FLA T 2P T E R A M & BRI &9 .

FMERERRSTRERHA. ¥ ARP HARWHETLBIBENEL
RS FEE, BUKFCAHT A bR, WS AN ESY.

EMERERASTIIRARA. SHZA ATRP 3R ME BTN
ATRP L&/, $Z1EH 87 ATRP Bl [EIMBREE XD —NFRRESY. WHX
FFCRBE S ERIFERmEaeld, i — PRl Sy, flHta s
EXZHEAREHTEHERSE, WEXYKNE Mo LBWE M YEE
B, T *FEERRE ATRP fRERHAETE A . HEFRESYIEN K131 55,
MAB TR EFREHTRE A% B ER S, RS 3Ea R YRR LR
7R
1.3.5.6 Hl&HEILRYAEIURESY

FH ATRP GRUBREARMEHEM . —MHEAEREENE R R
- XMEERBITRE, A—FEHHEP MR AEENK.

Sk, B MEESYRERERIEMFR T 4ER FRRBXUE S
ETHEREANS FRRSBARIB. ATRP SR ABEEZURE A&
HRTFRET - 4 WM& 12 KA ATRP HA BT B4 & Z1G 2R & (Self Condensing
Vinyl Polymerizatjon, SCVP) , Ri 77 {ERI-& BB W E W
1.4 H&RSHR

FETRASMASHE T RMATE/ BEERSEAP Y EdR, E52RHR
O, LA BT ERNMEEETL ER RAFRAYRA . HER, Wang Peng
e NSE ATRP AR R (ZHZ 2R RFTH 0 5 R 5 200 e
RETNAE(L. Yu W H % AP A ATRP BORFERER T LI T FESR B M3 K
PESRADRURIK LSRR, Desai S M % ALK ATRP 1A 2 F RAGEH
HEERTES AR (V-RREFEBED BAWR. XuFJ S A mn &
mERE, BIERETIRF Si0,-Cl 5IARE ATRP 3 S 0 il 2 58 R 3 1 475 i
B (PMMA) FISSMAEERKE-2- (V, V- HEKE) LB (PDMAEMA) 35



B #ir

BRI EERERERFRIREETENERL & (PMMA-b-PGMA) F1
BEEFEER-2- (N, AZPEEE) 25 (PDMAEMA) HBBIEREAKE
7, = E2fiE (PDMAEMA-b-PGMAYIE B4R . Bl Yo W H % APNliT R im 51 &
A ANERSHANRARZE (PTFE) MBEEMTTE (FEARRSE
ACHmEs) BEWRINTIEEEES.

1.5 BERHPEX

SEESY CMRIRZE) LI R4 B R RN R, BAT
AR B LS R, WU LR s ARt ¢ T R
(PVDF) 1§ 5 —F et sl R R AR R EMET SR (mE %S,
fLMRFE A ) S A ., (B2 HF PVDF M&RE AL RIEAF KSR
ﬁﬁ]i‘iﬁ*%%&%@ﬁ“&% Ww%u&%a& B L%t PVDF HEATHhREML, 1275

kmmﬁfﬁ%%A%m%%ﬁﬁ%A%Bﬂ%ﬁﬂﬁﬁn#m g1

B AT RIARME S AR - RRRE K EE N ENRE
IR A AT AE. B 4 F EW B X & AR S WS T RE B A — 1% AT i
FiE MRS TFEF G UAERSMRE S AR MG, 1 RERER
Kk, EPARAYE, 19EM. SERARENTE TP WA IER.

Bawit T ERTIER L ESRRE TS (RS N
CHERMT, CENE A5 SEERNEREE. BN BFRESIRME
BEROMEREAK, XA TREEERIY R, HU A R
% SRR E . EER, B RMEHR RN SRR 5 R G R H &
B LRGSR S Dk 5 R T 90 RN R ik R
BT R — SRR T R A 4 AT B Bl A A T e

ATRP J7riiz TR FRAMASE TR A ML SE T e R AR,
HE B SRR TE, AABEEERH0A RS, BILAT A5 A
R, EERBUENETESAHERAHERSTEORSYMDE
Tk B . FIRTEES “HEREAN” FOATRP 174/ “ W& HhBEREEA
M RESHTREEmER M ERNTE.
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A& PVDF #IE R .
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PVDF i EE & L PR R AR, & 5eiB it fhag Jy ik 4L 38 PVDF &
e RERE S -5 TRBR GRIBE KN S RET K. 4 LRIk
{44 /5 (7 PYDF TR (PVDF-Br) BN RS R FEPIRI TS (MMAD A0 2L %5
B EEE (ZF) B8 (PEGMA) MEMHHT ATRP B IR &, eI E
PIRIE IR FE RAIGBISI A S - HEAEELE (St I ATRP BEHEER
Wk B BRAIR

F TR AR, BIRAMER AR, &K PVDF HR R EUET (L F A
HIBREORE, REREEEAIERS 2-RR T BR RV RBRET &
H5 k= B EERFE R RN BBELE (HEMA-TMS) R TFHBAHERS,
ARRAZEREHE = FRERPNRTENGRIZZE (PREMA-TMS) RE
Rl BEE, FEKTFEAERTEME (428D B (PEMA ETHEE
HEREESFIERER YR .

% T 2% PVDF E4ERESE ATRP S4B SRR ATAT M, A 308 R A
BT EET| B3k Bk PECMA M ERKBER-2- (N, FWZ_FEEH) £
s (DMAEMA) A PVDF JEREHERES, HHHI&EEEMN, Bif/EREIIGH
BEBIRF i) PVDF R
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B_E (L2 BATFRE 3| % ATRP M PVDF MR EH &R WRERUPR L FHER

w2 (LA HAIRTS KX ATRP I\ PVDF BRI &R &Y

Rl B R I B AL 2 2 SR

2.1 LR
2.1.1 ERES

1,1,4,7, 10, 10-A A3 =T Z MU GRE, 99%, CpHoNg) B REL TR

PVDFHERE (JBO. Smm)

"EEPIEER S (R, ZHTEE, CsHsOp)
B PTIERE R (LT BR (M 290 3000
AR TR -2-(N V- R R R LB
CEATEH (i, el

fz.8F (o)

LiOH-HO (4%, 56% LiOH)

NaBH, (#3K, 99%)

DIBAL-H (1.0 M BRI, 20wt%)

2-W BT HBH (Hifk, BriBuBr)

2, 2-BRotnE ([E, 99+%,CioHsN2)

AL TR ([, =98.0%)
BARTHZE GEfk, 98. 0% CgHuBrOy)

il Gt
7. ZAiE
M viiEs
I S
MH.TE AT
A VakiE
2B 75k

B2 [H Goodfellow 74 Al {24t
BAE R T R AR
LiEa REA TR
bigE REAFRE

I 25 42 ] A i A PR 2
FE kR TS HRAR
EiRE R TR
EigEREARRERHE
LiEE REAE R
LA R AR
kA R AR
LA RMATERME

Fl A R AR ok 24 m) et
i B AR
FHEARETEVERAR
LiFRF AR 2 A
Lt ERAE R A
R TR

Fi#gz R TIBIRAF

2 5 FI PYDF R /N 0 Tem X 2cn, {0 AT BE2 R PO PN 0K 57 3
FEEVLISAEN, UIREREAENY. SuikEOPVOREIRA EiR T A ETR24h,

RTF A TR R



W_E {hg b MANRE T & ATRP A PVDF BEREHIER S Wi RR TN F R

"GMEREE, EARFT-10°CHRAT.

© gy o 0 30 AT DL BS 2 MEHQ A0 HBT FHE R, &RFEIFT-10°C &7

d g2 (A AT DU 2 FH R HI MEHQ, SR T-10°C fRHF

¢ FHDKBE MR IR LI T, $hiE, 60°C TEF TR 12 MY, FREaE I RE R
T2 Na THR/E 7519

212 EROERESTTFR
X-H R e TR (XPS) ThARLEER ML H s XG4t T
BEitt (XPS) FAE, XPSMEFM Kratos AXIS Ultra 6, AR X-44
B (Al Ko, hv=1486.71 eV), B 225W (TAEHE 15kV, KEHER 15 mA).
U (ER) 284.8 eV. B/EEEDHIE 048 eV (Ag 3dsp), E/b XPS 73
M#R 15 gm. ¥3E AL BT A Kratos Vision 2 F1 CasaXPS2.2.99.
BETFHEME (AFM)  REXMHEHRE S FMEREREERAM, RAL

g AL AR & TG PR A ) MicroNano-1IT AFM, HRiEX . REEHESHRIE
ESE M E RARACIE, TIEATEAE Woollam M-2000 B IR{ L, A4
R 60 1 65°, THEBEK 370-1000 nm. W FEMHEH, KAEDL=ADAREE
BB FIE, BIERA WVASE3R2 A8 oA #.

FRAREHE I AR (ATRFTIR) R PVDF B REAF A R
(A5 4k, ATR FTIR ¥#E7E Nicolet 5700 FT-IR £04h il 4y b5epk, {FH ZnSe #8
B 60 NI A, TIRIREE 160 1R, AMBHE dem’;

HREMAR RN AS IC2000A, WEEE 25°C, AHXRAE 60%, A
HETEDMNEARCENIAD A G ENE S K RERTFHEFEAREER:

BEeEaR (6PC) AkMmEREWs TEMO TESE, KA Waters
1515 B R WA E 5. Styragel MIXED-C BiEFEA Waters 2414 =& 13l 3%,
THF fE R, 050 50E ORI 2.

Woollam M-2000 #FE iR WA, ASTAR 60 A 65°, THHEK
370-1000 nm.

2.1.3 PVDF EfkmBERk
PVDF# IS Z LiOH 1LOAIE, HEEM, AWm ERmBpEMAaEREL &
4y B2 NaBH, FIDIBAL-HIE B A4 Tl 2 M. | e PVDFE BIEE N 1.8 mol/L
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BE_E k2B S| 5 ATRP M PVDF SR EHE&RSYRAREYEAFELR

LiIOH-H,07K ¥, S, 7E80°Cii-h RRL24/ MR . RMSEEER, #HPVDF
AR PSR, R T ACR2-REE R . ERTE T RS TRAT
FA224h. KRG, HZITLIOH H04 BT FIPVDFHEHE A0.078 mol/LNaBH,H
DABWEEE, ASEPTHARMNGER, fidE 20°0CT REI7h. RMSEMRIE
IPVDFE A R R R B, SEJG A KE-TARE. 1 NEER/ LB RO IR & B
(1:1, viv). FEKIREEH (111, viv) Phdk. ZJRBAET THAE P TR,
BT R, H% LAPS 4 E MPVDF#E S ADIBAL-HWKE 40.104 mol/Li1H
WA, FUAR P TEWRMER, Bk, 200C T RAE65h, RNV 5EMEHPVDE
MR AR S, SRR RERE, | N/ ZERREER (111, viv)
FITHKBBEER (11, viv) M. BARTTREDT5.

214 SlEFLERFAL PYDF SR TR E 2
9P 1omX 2cm FIPVDERE A HON SmLALLIE 0 100mL T-43 1 Z Bk (1R S i

SRS ZE10min i@ 4nl. BriBuBr #Ne0mL TH:ZENRMGEHE T Ld@EE T,
0°C FER B2 h, BT ERTRMI0h. BNERPYDIER (PVDF-Br) & ZEER
— KA BB 5nin, FE TES TRE T EE TTR24h BE,

215 FESIKRERTHEBOMERS (ATRP)

F PVDF-Br IR 5| & PMMA BAE & .MMA (2 mL, 18.6 mmol), CuBr (9 mg,
0.062 mmol), HMTETA (51 uL, 0.186 mmol), 2 mL (ZJ&: EBE, 1:1vv) B
RAER. TR TESEE 0nin, CABREFRPIEAS, BEESRF TIUA L
P TemX 2emPVDF-Br BA F E e 31 & 7 EBiB Qu L (0. 062mmol}. ¥ A R AR R
70°C FREFERE . REEREE (PVDF-g-PMMA) 5 A NTE# R I 48h,
G sh B — B AT, SR AR ZOKESER 0nin. BT
PLAR-FHAEREE F TR 24h, BRE. ¥R AT B ) PMMA £ KEHEEL
. BREEALER R ETENI R, e AR AL BT T IR VA A () L [ B

7€ PVDF-Br JEFE 5| K PEGMA #4 & . PEGMA (2.5 ml, 7.5 mmol), CuCl
(7.5 mg, 0.075 mmol), CuCl, (2 mg, 0.015 mmol), Bpy (28 mg, 0.18 mmol) , —{K
& 2 mL. ZIBEAEHSESEN Wain 5, BEFRPTMA 1T A lenX
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BIE W BAFET K ATRP ) PVDF #HERMH AR SYII R FEEY R F R

2emPVDF-Br B}, HERNAER. 25°C T RMERB. RMEGHRE, BEA
(PVDF-g-PPEGMA) MEFF#E T A, AXEZRAKMH 10WLEHAZE. =
ARG 10min, T TASTRETSERT T8 24h, FE.

fEPVDF-BrE [ 5| % PMMA-5-PDMAEMA ( B % PPEGMA-b-PDMAEMA )
BEILE S, E3ml BEER CERR: 48, L1, viv ) T IADMAEMA (3.3
mL, 20 mmol}, CuBr (14.4 mg, 0.1 mmol), HMTETA (81.6 gL, 0.3 mmol). %R A H
WSS EH3minS, ESEP TMAPVDF-g-PMMA (8PVDF-g-PPEGMA)
A FI A 3] ZFIEBIB (14.4 4L, 0.1 mmol), HHERNAR. & T60°CilE+ X
N12h, RNERE, FTEESPMMA-b-PDMAEMA(EXPPEGMA-b-PDMAEMA)
# % # Rl ®W PVDF & ( PVDF-g-PMMA-b-PDMAEMA Ef
PVDF-g-PPEGMA-b-PDMAEMA) MR E L, HHHIKERE. LM
YOKPREE,  BARR 2 FhIFE S R T i B R 2R )
AR WE2. 1.

1} LiOH
PVDF PvOF|—OH
2) NaBH,
3) DIBAL-H
(I? (I;H3 (PVDF-g-PMMA Surface)
Br—C—~C—Br
CH CUBHHMTETA Q@ GHy  GH,
3 — | PVDF O—C—C+CHEC_]FBT
MMA I [
o CcH CH, C=0
s ATRP
0ol o
PVDF —O—C—C{ABr e
CH
? PEGMA 9 GH,  CH,
PVDF O—C*C—fCHz—C—]»Br
{PVDF-Br Surface) CuClICuCl/Bpy (l?.H o=t
3
i
0-{cH;CH;0CH,

(PVDF-g-PPEGMA Surface)
2.1 PVDFMIERE AR . RE 1AM MEE RN BHEBRLIIPVDFIERBATRPH b
RE&ErEHE
Fig. 2.1 Schematic diagram illustrating the processes of hydroxylation of PVDF surface,
formation of the 2-bromoisobutyrate-functionalized PVDF surface, and surface graft

polymerization via ATRP from the bromoester-functionalized PVDF surface.



B=E HEARBINER S & ATRP A PVDF SREEm S & ES DM A FRTE L EER

2.2 &R 51k
2.2.1 PVDFERABEAEFRAKMEANROSERENE RSB0
HPVDFRE R HT RN, LiOMERREH, RKATESOC FHEAT, #18PVDF
ERRERFI A AR, RESETEOEE,, S5 s g
BRETHME, X—RIFHRARE. B8 GRS MEEERNER. L
ik 5 B ) A B A PYDFIE R I 8 A ME R &, A A iR 93° [ 463° . ZNaBH, I
DIBAL-HJE R 2% [ $t 42 B R4 G, 7T {8 6 T F2 4 (PVDF-OH) & Bk KM, 46
LiOHALFR = AR A 4K B NaBH, (4 57 N EF HHBANDIBAL-HEY R 2R EHGE IR, e e
ML T EE. THRA AR . RINEAN AL, Hhbfh o 3l 280°
83°, {BAR{ET BRAAPVDFEEALA . By CEA (1] EHE sl T iXfiarfh i dh,
BE2.2a-d 5 75 R 46 PVDF 8 JIE 3 [0 N 7% [0 2 5 X PVDF I 2 i A XPS S8 F3 AN C
st . X F FRAGPVDF N 2 18] ) B8 350 1 2 286 eV AN1688 eV ARFEMUEL AX,
SAAETC 1s A F 1s 45&RE. VIR MR RIPVDFEESR [ S35 A
WAHEC 1s RIF 1s g, HEEMTO Is53S. RIAPVDFHEEFEAIC 1sibhiE
286. 4 eVF1290.9 eV AP FMIRMEARE, 77AHE TCHMCRAH. £l
PHEAA TS EC-FEMR, MR EREER. BENEPVOFEIERENC 1s
W IEE TiX—&, JHC 1si%HILT286.6 eVAI288. 1 oV FAHE, 2308
FC-OMC=0M & & Hit. IHBC-OTERETATELEEEMER.
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B-= EELBMRETIR ATRP M PVDF EIE R E & 3-SR & Ry vk m

Fis

& i
@ ®) oo ]
:

N Sy

U T
0 200 400 600 800 1000 282 585 288 201 594
EjeV EfeV
Fis
()
Cis 0 1s |t
o 200 400 600 800 100D 262 285 288 281 204
E eV E eV

B 2.2 $EALLIENT S PVDF HRELE ST XPS bl
{a) JR& PVDF A () REEALAIERY PVDF %4 XPS RHMEHE
(b)EHE PVDF R Hi(d) BALEEER PVDF A C 1s il
Fig.2.2. XPS wide-scan spectra of (a) the non-treated PVDF surface and (c) the hydroxylated
PVDF surface, and C 1s core ~level spectra of (b} the non-treated PVDF surface and (d) the

hydroxylated PVDF surface
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B_F HFSEMERT]R ATRP )\ PVDF BIREEHER & O LR EIELEERE

2 AbFR IS MOPVDFRE R LI AT ch U PER R L W S RIm s b
PVDFIS F % A [P H]-BEBR BT FIMEBE 1) F 3R -5 B P (L b, 20°C), BEHEFMN
AT REERRE, AR, HhMSEERNREMTAETS5RN, RN
SRR, FRE TR K e LA 2 N B H)-BEER T, TR 5 kAT A
SERy, W IR O AR AT B (LCS) I8 S R 5 PVDF B R [ H]-BE MR I A9 st &8
PVDFE R f[H]-REFREF (00 8 SPVDFIARE-OHE B B X R AR, %
I R B R T — E BRCH EAR IS R R AR ), ATEAMERSER 4T,
AL, R IEPVDFIEALPVDF-OHMR#HAT & ST 5058, i vh P H]-BE AR AT A A
SRR E R 5 M BUHRRE . NS HE v LAE B 5 R L HPVDF
B8 B 5 1) W T H - BE AR BT T BR/D,  ANBR[CH)-BE BT 78 MU e A 3L
CHEEFEE, F LUSHE I R4 S EPVDFERH FVE R ERRE
SEB oP B R TS MR AT LA B o BT AR () RIREE MO BB . SRE, 4t
¥ 5 PVDF A 2 578 5 1% K& 90,44 /om’
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o-BAEE, o-BUEEL SR PVDF MIEE ATR FTIR B, RILAE1729 cm ' fF7E
Bagk BEAR A i b, X R IRABRE H O SR Ih B B 7E PVDF MR E. TR
HETHMTEAE, PYDF-Br RAEMA LJHAH90° . FEGRFIE 2 & mhit@Ed
XPS BB/ #T/5 BNESL . anfEl2.3a 2§ PVDF-Br JERME XPS C 1s e, 70.5eV
#£4 Br3d &&ReMHILAN O-C=0 %R HBL, UEK2-H A T #AE PVDF 4
FIE ALY, 3 B XPS 2418 HHI[C-0]:{0-C=O] Lh A 1R 4 1 15 TR i (B FH WY
&, RMGIRFEHE T LIE 8 E XA ([Bry(FIEE, BT Br 3d #F 1s (1)
i T AR HE ) PVDF-Br & [ 51 & I EE K29 40.09. 7£ PVDF-Br R ([ %13 XPS
WEIPIRAG F 1s AERLUE TS5 B I BN IZ IR L XPS RUFIREZ NN £ (R
UL XPS Bl BIRE KA A7.50m). 1HT XPS HHNFEE KB, &1[Br/(F]
Lo MR 3 | A AT R 200.09, H{ENAAE PR E MG . BUNIRER %
REFRENEMBEEN T2 59 REREE MR, Frel PVDF-Br &5k
#6978 25 % B2 A 0.44N nm?,
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Fig. 2.3 XPS C 1s core-level spectra of (a) the PVDF-Br surface, (b) the PYDF-g-PMMA surface
from 1 h of surface-initiated ATRP, (c) the PYDF-g-PPEGMA surface from 5 h of surface-initiated

ATRP, and (d)wide-scan spectrum of PVDF-g-PPEGMA -6-PDMAEMA surface

2.2.3 #PVDF-Brii R 5| K THB EhER S (ATRP)

2.23.1 RMkFERS RowENL ATRPHETFHEFRUHRE S MHEFREFMHS
FREE) NEERSAETeUUEZSMINGERE, B, REREAREZEH
h¥ 4 (FPVDFIE R AR FIMh et . AR ER %k A ATRP R AR 805 15
MMA%h, FEEE TR E S APEGMA, FEKEEERPEGMAL L
BT EEAKMERE, FUE 5 AR R /AR TR B P R . PVDF R 3 i £ A
PEGMA, #l& A FAMAEMLMPYDEEM L, q RS TAYEST R ARG T
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A THRIEE ST RS EE 2 AP, RIIRATRPES 2, RN
WP IMA—EBHEFENRIC (1) 20ER. BSEWTE, BERN
BAEG M EMRR-F R B hEREESY, ATRPRMERPCu (1) /LIRS P
kB —HRCa (1) XFWEIRAPHXET, #HFCu (1) FHAC

(1): B—HMFERERNFHEIEENA—EEHCu (11). KA KZATRP
B4 5 AR I A A R X S A R 5 R 77 B ik AR BAG, Mo 1
FES RFEESBEAEC (1) p/=4d, TRENGERE T £ 5 E bk
(IR, h TR — A8, RANTEEEGHER. —MRRNITERTIA E
i, —FEAZMAC (I1). HTFREMATRPS NG HATRAERIMERES
YIRS T 8, FUARRATIE F 38 — F 7 B HIATRP R B RET . R B 5|k
R K E iR ERE, WP B BEIRRERN B B R & W LR R R
R EA, Ht, AREIIRATRPRES, B H51RFAIUE R P MHEHfF
A1, i BT LA A R R A R R AL

FEPVDF-g-PMMAZEZE R, BWIFRATR A TRE(F N I R ), BRA R
TSR, RSN ABRENFANSEYY. HXOMACERA, T
ATRPR & Pt IR AT DR B I &, (A48 I M M4 &4 =4 B2,
Hlk, HATEH (Z55: FEHEE 1:Lvv) KRS ERIENATRPR K REEH,
BARE RS EPEREREHM.

BATE T ATR-FTIR 4L 5H& % PVDF 3R B 32 805 465 s B i 2
U5, i Xt PVDF-g-PMMA JEF1 PVDF-g-PEGMA Ff ATR-FTIR ZL Ml 45 51
o, 78 1730cm i BB S OF VR c 0, BB J R B VA Y i, BERY SR HE AN
(BB 2. 4 FE 2.5). BT MMA B58E T -C-0-C- i A3 FR A48 4 a0 F1-0CH; (T A
25 5N {f PVDF-g-PMMA JEMIZAMEE S 1181cm™ A1 1402em™ FHUEHI 58
R 5T R 84 PVDF M7 1Zp: SA R ticd. th5h, PVDF-g-PEGMA R Ay RI4T
SREE HF PEGMA H(-CHp-CHy-), & HIRSN(EBFE 1401em™ BHHE MR 0 H
JE % PVDF BT PVDF-g-PMMA RRH AF B i 45 W50 0 35 2250 . ¥ A0 P BLAth 48
HEEFEE 2. 4 f0E 2.5 TP 7E 2962em™ ¥4 SRS HE B
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Fig.2. 4 ATR FT-IR spectra of PVDF-g-PMMA surfaces

Reaction conditions; [MMA]:[EBIB].[CuBr]:.[HMTETA] = 300:1:1:3, [MMA] = 4.7 M, solvent anisole/acetonitrile = 1/1 (v/), temp
70°C.reaction time(a) 0 h{B)0.5h, () 1 h, (dy 10 h, and () 17 h.

7z

T T T T T T T T T
1000 1500 2000 2500 3000 3500

v (cm™)

B 2.5 A5 EK PVDE-g-PEGMA TBIEE T ATR-FTIR # &
Fig. 2.5 ATR FT-1R spectra of PVDF-g-PEGMA surfaces

Reaction conditions: [PEGMA]:[CuCl]:[CuClyJ:[Bpy] = 100:1:0.2:2.4, [PEGMA] = 1.8 M, solvent water, temp
25°C, reaction time (a)0 h, (b) 1 h, () 3 h, (d) 17 h, and {c} 22 h.



BmoE A IEREE S % ATRP 4 PVDF EEETHE B SR A EOHRL SR

B4 PVDF LR E B B ST XPS RHAES VRIS —FRIE
(& 2.3). PVDF-g-PMMA ([ 2.3b) 1 PVDF-g-PPPEGMA(E 2.3 o)L R H
C 1s WEAT AEL-E A HFE, 43R5 C-H, CH,, C-0, 0-C=0 # CF, I, Hiedt
ShRIFE 284.8, 286.2, 286.6, 288.9 M1 2909 eV ZH. MK XPS A4 R,
PVDF-g-PMMA Hi PVDF-g-PPEGMA JEZRH [C-O]:{0-C=O]tt {7l LURIF I
SEBHERYS. b, BUAFNC 1s iEEFTLUES, PVDF-g-PMMA
1 PYDF-g-PPEGMA JE K CF, 25 Bl 9 A G RAARRT F CH, f o 1 .
M PVDF R [ B & # PMMA 1 PPEGMA MHERIRE DT O-C=0 HH[1%
FfE CF, A ERLEAH . S RES JE1RR PVDF B, BERE
SRIEMEK, RE[O-C=0:[CFJILEH K, HE XPS GG EEME CF,
Beithid, W RGTHERESGWENEEREFEKY, A2 EMAENELET
XPS HABIBIRE .

BIEEEARESYR, PVDFEBERENFRAER LAY, mE215R,
EUAPVDF SR Ak A 4930, RIETENPWAT S M EEA84° B2, 6528,
BaH: i R R A IS GRS TR G ), REHEFIPPEGMATE 1% (3 Al
BEWMENL, REFEAMES.

FR 2.1 HELLISPVDRE R A A

Table 2. I Water contact angle of the functionalized PVDF surfaces.

Sample Contact angle (°) Film thickness (nm)
PVDF-g-PMMA 84 7.9
PVDF-g-PPEGMA 58 8.6
PVDF-g-PMMA-5-PDMAEMA 56 14.5

PVDF-g-PPEGMA-b-PDMAEMA 61 17.0
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Fig.2.6 The water contact angles of the PVDF-g-PPEGMA surface from different graft

polymerization time of surface-initiated ATRP

2232 HHEESWS TEREWI DA

T A H3IRFS RESHNPMMARE Y 4+ TERS TES MR
BRI T R M. Rilg | R R A K S 8 a5 RS R R S5
KA AR B AT BT, B R AR R AN 4 TESERT LN HHES
Wi TERRIERAR. REOESYRINER SERD BRSPS T RN
FRUETX—H (28R, BTFHUNERBREYRNS TE, ¥R
Wi G ARSI KBS UPMMAN S T ER S FES MR IR E
A RMTRTERE . E2.7aR R In((MoV M]3 R BZE A1 M K R, KL Mol F R
HEBRIKEE, IMIRTRE—IE T RMRE. SR RHEHIGREERERE R,
RN S —R RN T, B2, ThEoR B HRPWAS T 8M, 5B EMMAK L%
¥R, FHAHPMMAMI»F M B EEAELMNIM, A HPMMAK 7
FERMMIMIEL 25, X —FERMRE S KATRPEAPMMARIPPEGMA

ORI R UL
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Fig. 2.7 The relationship (a) between In([Mo)/[M]) and polymerization time and (b}

between M, and monomer conversion.
Reaction conditions; [MMA |:[EBiB]-{CuBrl.{HMTETA] = 300:1:1:3, [MMA] = 4.7 M, solvent anisole/acetonitrile = /1 (v/v), temp
70°C.
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A, MEE MmN BN ELS R 2R, PVDFE R & HIEH R S5PMMA
MPPEGMAGIREREE M. HTULHELHREETHW -8R T £3 %
PVDFIER MATRPEAL ¥, TATHTT T B K% #6 5PVDF-Brigit 7
ATRPZEE #:+:PPEGMA MR [ Y 421, 55 % o HPVDF-OHIE A% PVDF-Br
B, RNEERER. FRERILSN. R MPVDF-OHER M Efl A
EHPEAM, SATR FT-IRSMEH GBI BERER fE, BB ERER
FA. ERIEEBERE RS CEPVDFRRMBEEM-RET E5IRE
HMATRPER R AHIZR. thsh, HTATRPRE “iFi” BA&UME, ROEERES
YRR E R R A N R I MBS FREMIG m ik, wE2.8
i, MPVDF-Br £EZEHEAKNPMMAMPPEGMA RN 2 i) B BB 5 A& i [a]
BB mEA L E 2L KEHN. PMMABRSERESEBT “Al” BE4M
PMMARI TR Z ABRFEEMEXR (W2 820D, ERTHERMT| EMMA
FIPEGMAYEPVDF R EATRPR G it FERE T I RY.,

16 (a) PVOF-g-PMMA
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Fig. 2.8 Dependence of the thickness of (a) the PMMA layer and (b) the PPEGMA layer, grown

from the PVDF-Br surface via ATRP, on polymerization time; Insert: Dependence of the thickness

of the PMMA layer on molecular weight (A4,) of the “free” PMMA formed in the solution.

2.2.4 R KBEHREEGYRIEER MK ERL XS

BZAGM AMEES, ATRPEAN S ARV ES HESIERE
MR, AL P HRATELATRP R R MPVDF-Br R W B T BT
PMMA-b-PDMAEMA FIPPEGMA-5-PDMAEMA i B SE MR . WRER LR 4 A0y
(4 43 0 S o A R IR R B 3 R B A B CURXPS r AT (SGAT 5 . M
[ R 4% W B {0 B 45 R B R60°C T, DMAEMA {E PVDF-g-PPEGMA
(PPEGMAB E8.onm)E Hi#HEE S 1205, BIEEEM8.4nm; RE, 60°C T,
DMAEMA fEPVDF-g-PMMARS(PMMA S E7 onm)REIEHE S 120/G, REE
#n6.6nm . #xE I DMAEMAJS PVDE-g-PMMARIPVDF-g-PPEGMA fIi % [
ERESYRNESEAREM. JE, PVDF-g-PPEGMARIPVDF-g-PMMAIix
B PDMAEMASE & 410 5 i 4 A 40 43 S0 1 58° FH W 61°, B4RER56° (T2, 1). #4t,
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"5y BIALEE AN FHE RS LR £ R FIMEHQAHBT, &< {RIF-10°CIRF
SR AR L B EFIMEHQ, FAEY F-10°CHF
Y Na T 15 25 1 LS (8
ENaTHRZE UG
R RRE I 3.1:

2§
1) LIOH Br—C-G—Br (I:I) CIZHa
pvoF—OH CH, PVDF O_C_(I:_BI.
2) NaBH, CH,
3) DIBAL-H

(PVDF-OH Surface) (PVDF-Br Surface)
O CH,  CH, Q cH,  CH,
1] KF/THF
ATRP PVoF—0— c—c—(—CH C—)—Br N c- CJTCH C‘)_B’
——————rr——
HEMA-TMS/ CuBr/Bpy CH C O o, CH C °
?Ha? B—C-0—Br CH, o ?
CHy §-O-CH, cH, CH?gLO'CzH.,
s
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O CH,  CH,
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E3.1 HEREESYRINE RS

Fig. 3.1 The synthesis progress of preparing polymer comb brushes

3.1.2 FEMEH
FEHA R E 4040 581E (ATR FTIR) KW PVDF EEEXE{L¥ A
R84k, ATR FTIR JY#7E Nicolet 5700 FT-IR Z#MGIEA E5ER%, {#H ZnSe
BEAEAD 60° N GHA, FHEIREL 160 K, AR 4em™; JC2000A FAE AT E
3, PBIREE 25°C MR 60%, MEL R AR FERIEME £ 8 FE:
X-SHE I FREE (XPS)  Wfgfh R A (b 24 AR X-ST A
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feif (XPS) FAE, XPS MEFA Kratos AXIS Ultra Jiil, HOMEE X-514;
IE (Al Ko, hv=1486.71 eV), Th&E 225W (TAEH[E 15KV, K HEHR 15 mA).
FSUEE (NAR) 284.8 eV. B/MEBSHIE 048 eV (Ag 3dsp). e/ XPS
A 15 gm. $3E 40 H2{E R Kratos Vision 2 #1 CasaXPS2.2.99,

BYHEME (AFM) RIEXRBEHRGEHEERERHM, AL
HEAG A 1 & B4 7 MicroNano-1IL AFM, HEkiE. RAEKESHIE
B TR R R S, TR/ aT 45 f T Woollam M-2000 #E R IR £, A%
F 7 60 Fll 65°, TAEHE K 370-1000 nm. FFFEAFER, EHEZE D =DARIKE
B AR TE, BIRFA WVASE32 AR i b .

Woollam M-2000 #EfR4RLL  SFEERRIER, ASIAR 60 F065°, TIFE
+ 370-1000 nm.

3.1.3 PVDF R EREL

SAEE T PVDF BIERmAAE L (S8 2.1.3), PVDF HEZ LiOHHO 4
o, REPER, FrEREREMTAER, K555 04 NaBH Al DIBAL-H &R~
L RERE.

3.1.4 5| & #\7E PVDF BIEREEE

9 K lemX2cm [ PVDF LR BN 1. 5mL AEEREFT 50ml 15 Z.BF TR &8
i, SR/STE 10min PIiEHN 2mL BiBB 1 30 mL T ZREATIE & T Lk,
0°C FLEEH: 2h, BT IR TR 10h. XIV5H] PVDF [EA (PVDF-Br) &
B — K A BIRE A BE 15min, B TFESTRMATERTE 24h, FE,
3. 1.5 GrALRE{R4" HEMA (HEMA-TMS) [#[#%

sk, 4% HEMA 20nL (152mmol) , = Z.H% (NEty)  21. 2mL (152mmol)
IAE 500ml. CRRAKMZEBED, BT 0CH#H, i, BEMAZFESRER
19.6nL (152mmol) , BEPA M8, ik, OCUKAY R 2h. R SERUG, iT
VR S EH, RV ] Z B R =K, BT ER COKIE SR = IR, ISR
7K MgSO, T ®, BEXBEZE, WEEE, W60CHEs, B TFUHET
“10CHRFF.

3.1.6 FEI1% ATRP ik HEMA-TMS
FEECRE RS () HEMA (HEMA-TMS) 2. 5uL, CuBr 0.0144g (0. Immal),
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Bpy 0.039g (0. 25mmol) X FHEE 2.5nL IMARMNIEF, KA T =R FEE
#2 30min, BREHBETHESR, EESHFE FMA PVDF-Br BEH R 14, 4pl. EBiB
(0. lmmol), W RN R, EMENBEAN 24°C TRFE. RNEHE A
(PVDF-g-PHEMA-TMS) 7ENERE &1, [55% sh B — RSt mil, B
) P B PR RRAD YRR B A G ¥ 10min, B FES TRERZER TS 240,
3.1.7 HEMA-TMS BE& MR REN 2- 15 T BamE k.

75 30 mL T8 THE Fin A KF-2H,0 (0.755g) 78wt%fY TBAF /K¥#E 21l
=7 W (230uL) # BiBB 1nl, EIMA PVDF-g-PHEMA-TMS RfH, ®E T4
185k 12h. RFEHIIE) (PVDF-g-PHEMA-Br) £ 7.8, FERZRAMAK
SrREEFEEL 15nin, ETHATRATERTER 24h, FRE.

3. 1.8 H:4; PECMA & KB B -S 1R

75 5mL ¥R Z&E/K AN PEGMA 7. 5mL. Bpy 0. 0851g. CuCl 0. 0225g 1 CuCl,
0.0063g, TR THESEN 30min, BEBFBPHES, REARFEP FTA
PVDF-g-PHEMA-Br fEf, BEHRMNAER, 25°C FRE She RMNEMEF

(PVDF-g-PHEMA-ch-PPEGMA ) FI KX B Z IR FABKIG It B0 A8 — K&K,
. RS 10mine BETFET TRADTER TR 24h, #ME,
3.2 £R5iTiR

3.2.1 M5 RAEE

Witk 7k B PYDF EEERTE A &g, B2 ARNER T,
WAL AR T E F T AR B AR St TR B, BARAMR. BT PVDF /Y
hFfaEt, AERANAEEMA OISR, W NaOH, LiOH 2%, Aociiik
F LioH M A8 vhETS PVDF BRERE AR, /5434 NabBH, ko — 7 T B
(DIBAL-H) R R KRR, R\ RMFHE (PYDF-0H), i 1 2 %
. HFERMEN TIERRAN PYDF HEREEL SR M, (154 NaBH, K&
DIBAL-H 5 F5 B 8 B2 [ Bl £y BT A o, SCRRY B RIS T R BE R (L 3. PVDF
FMHRLE 2R T EBURERMLE, I 7SI RNEEBRE M & E, bR
18 65 % BT WFETE, Bfili#R 7+ 5 89°. PVDF-Br (¥ ATR-FTIR #BH, [ PVDF RI$FAE
WG #h (1400, 1180 A 1070cm™), 1730cm™ &b777E MRAXES 093K BLAFE R .
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Fig. 3.1 XPS spectroscopy of purify PVDF surface and PVDF-OH surface
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F=# FEIRETESAaERSHERIERYN ERERYEEF LR

3.2.2 XARMFIE ATRP JikHetl HEMA-TMS J ) 12205

FENERZEZEE (HEMA) RFREEFHFHRME, HEMA RESYE
H BB AR EERMA, RBERSRAER . &5k RHFEELY
FeRZ¥ER, SEOR HEMA 75 PVDF-Br MEERMEAII R R FH## BREES. O
F HEMA TSI A SR E A -OH, 5 R SR ATHE, B et HEMA Bk R = &
S EHEIT-ON {247, RERIE(R47 5 (f) HEMA (HEMA-TMS) 22 'HINMR 4523 Conf 3. 2),
R B, 'HNMR(CDCL, ppm) 8: 6.1 (s, 1H, CHy=), 5.6 (5, 1H, CHy=), 4.2 (1, 2H,
- OCHy), 3.8 (1, 2H, -CH,0Si), 2.0 (s, 3H, -CH3), 0.1(s, 9H, -Si(CHs)s).

Lo

3.2 RERYE R HEMA-TMS FHZ B IR EVIEE
Fig. 3.2 The 'HNMR spectrum of trimethylsilyl-protected hydroxyethyl methacrylated

J@iT ATRP J77:7E PVDF-Br MR 5|4 HEMA-TMS RIBERR-G14, B R
R A a) i AE e, FRTRALA K (B 3.3), RVMEMIS ¥ PYDF ity %7K 78
FRETK P, T3 ATR-FTIR R4 B SR, 78 1730cm ' 4b H BUBE B AR AR e,
HAARFIAL 3 LR, W e B 58 B AN (B 3. 4)  REMBMRAY PVDF HBE ATR-FTIR
SURELBNTE 1400, 1180 F0 1070cm ™ HAbFF TR

BT ATRP 2 “iEM” BaiE, BHRGYRINERLNZ SR G 254
MEEZ. W 3. 5(a) BToR. HEMA-TMS #:H R &R R T B RS S0 B L ¥ 2 45
PeArlk, ERRSFMABHSRA 2-RF TH 2B (EBiB), HibiR{s A&
247 (PHEMA-TMS ). AAZERES| RFIMMIEMET AN, BdiR &Y SR
SR BT AL R NS 1%, BES AR AR RO, B A o7
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B 3.3 PVDF-g-PHEMA-TMS FmEm AL

Fig 3.3 The change of water contact angle about PVDF-g-PHEMA-TMS film surfaces
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Fig 3.4 The ATR-FTIR spectroscopy of different modified PVDF film surfaces

39



B=8F FEZEEFHEEAAERSHERLEYNARDEELFER

-
@
(=]
s
&
LA

(@) g (b) -

Q.3

e
n
L

@

0.2+

Thickness (nm)
In([M_1/[M])

~
"
a

0.1+

o

T . ‘ — 00 . . : T r
e 20 40 60 BO o 13 30 45 60 75

tp {min} . ts (min)

B 3.5 (a)PVDF i PHEMA-TMS B8& 45 /% 3 i i B2 i (R 25 (e
(b) In([Mp) (M5 R v Bt (8] 26 F

Fig 3.5 The relationship between (a)}  the thickness of PHEMA-TMS brushes grafting from

PVDF film surfaces and the reaction time (b) ln{[M,]/[M]) and the reaction time

3.2.3 Ll PVDF-g-PHEMA-TMS &3k bt PEGMA IS iR -SR] R st gt
fiE

PEGMA 2t —FPIRIFHISE/KERAEYARZ I ik, REHER PEGMA B &45)
& o] VE R s R B TR MR R B B 77 A HEMA-TMS ZR-5 40l o)
HAE >-@#RTEBRRN, &£ HEMA BEWRIAMESI AT KA. B
CuCl/CuCl/Bpy AHEIER, LI PEGMA MR FHB B ERE, s &
BEWR. SRERESURNSINEATRBERRGYEE, #—PEEHE
FEREFEAM: WAMEREREAYRSGH SBERXR. B 3.4 iz, T
B HEMA-TMS BRS4RI, £ PEGMA J5RY ATR-FTIR BoR 1730cm™ AbBeRAEM
Wi BnsR., ERMESWRIE, REEAA KB TR, 0F3. 1, AT
JE44 PVDF A BORERhf 2 93°, R EHR & HEMA-TMS 0. 83h 9 PVDF i j %
f e FIRE 75° (BESYIRIEE 8. 6nm) , BE— SRR 20 5 S Ml ) 2 1 e fl £
THeh 53° CREWRIER 12.50m); [, 55 HEMA-TMS K RY 1. 17h ) PVDI 32
BEpfa TRE 66° (BSWRIFE 13.2nm) |, #-— P EAR B R & Wl # 3% i
fefhfa T B 51° (REYIRIFE 16. 5nm).
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B=f RHSIRRETHEOQHARSHERYLRYMETHYEEN &

R 3.0 PVDF RE R SN I3 Ab A 2 R R
Table 3.1 Water contact angle and thickness of grafting pclymers brushes from PVDF film

surfaces
Sample contact angle (°) Thickness (nm)
Native PVDF film 93
PVDF-g-PHEMA-TMS 75 8.6
PVDF-g-PHEMA-TMS ’
PVDF-g-PHEMA-Br 79 8.7
(reaction time for 0.83 h)
PVDF-g-PHEMA-ch-PPEGMA 53 12.5
PVDF-g-PHEMA-TMS 66 13.2
PVDF-g-PHEMA-TMS
PVDF-g-PHEMA-Br 69 13.2
( reaction time for 1.17 h )
PVDF-g-PHEMA-cb-PPEGMA 51 16.5

PVDF-g-PHEMA-TMS R I XPS M RIRE AL C 1s, 0 1s, F Is, Si 2p,
Si 2s #i&he. MEE2—R7R TBIERL/E. PVDF-g-PHEMS-Br RTEIHIR Br 3d,
Br 3p &5&EE, H Si 2p, Si 2s £5ERHEK, RBE=FERGFFER/LTES
Bleh 2-RA T BREER. B_REA RN, ROBEERAYREREN. &
F XPS IR IR, PVDF-g-PHEMA-ch-PPEGMA R F 1s W KIBFR{E
(B 3.6)

FHRTHIRME (AFM) HIFENEIT PVDF BIERERL, K37 8
* 7 X ® ¥ & B 4 PVWF . PVDF-gPHEMA-TMS % @ X
PVDF-g-PHEMA-ch-PPEGMA RHFEHE . 45 R 7R ATRP HERCE & YIRITE PVDF
HEREERDS. BEELE, AW, SdEmAE YRz E EIinEE.
B ERAARSURNROERERAKREFFAY, rfaERATHLE
SYRITERE BHEE R
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Fig 3.6 The XPS spectroscopy of different modified PVDF surfaces

{a) PVDF-g-PHEMA-TMS surface, (b) PVDF-g-PHEMA-Br surface, (¢) PVDF-g-PHEMA-ch-PPEGMA surface
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Kl 3.7 {1&iHEIE PVDF IBREIESHE
(a) RIS PVDF &M, (b) PVDF-g-PHEMA-TMS 3T, (c) PVDF-g-PHEMA-¢4-PPEGMA ZTH AFY %
Fig 3.7The AFM images of pure PVDF film and modified PVDF surfaces

() pure PVYDF film surface, {b) PVDF-g-PHEMA-TMS surface and (c}) PVDF-g-PHEMA-cb-PFEGMA surface

3.3 AE/NG

AEPLE HRRBGE FEMEERESI K ATRP HARNMESHTIE
L PVDF M REAIHE T RS MENFKUERER SR . EH
HEMA-TMS MR RE3) % B, BEEREA “Hl” RE, ANERTREH
HMERAH “E” B BRRERSWRIRFERENRERE, RN
PVDF #RMREME M. Bl EERMTIRTE B HHERS, WTUERSYER
REFIAFITIREREE, BEERRm RN
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HIE PVDF REEESIE ATRP ZHE-A AFTEO AR

$VIFE  PVDF R HEETIRK ATRP BB R & F & & B R F 4 6e

4.1 KB

4. 1.1 K R
1,1,4,7,10, 107N HEZT 22V GFEE, 99%, CpHzNg) B REAF R

"PVDF #HE (JZ 0. 5mm) #[E Goodfel low 2 &34t

‘B Z4E (PE) BUA, B Imm : =kl

RN TERE (L8 B (M, 4k 300  LEOREAARN
R -2-(WN-— R RE E) L FEE REARRE

CHEZI (HHED : bR R A TS PR A R
ST (A, SaalD E 254 Ak 779 PR 2 A $R4t
WAL Bk, >98. 0%) LiEH REA AR

2, 2-Bknitme (EH, 99+%,CioHgN,) L E REARHEE
BART®ZAEE ik, 98.0%, CeH,BrO,) HA R T A R Rt
BEIR AL E PP (PBS, PH74) LiEE RBA R

£ 1t 375 8% 5 (manufactured from 100% Australian origin bovine material AN A

2y b BT ik

*¥ PVDF JEBIYIA lemXlem K/, SEHEN. PR = g0kl SiE st
15min, BEFTMAEHY . Bed /Gl PVOF SIEAZR T LS T8 24b, RTFET
YR R L

*¥% PEE BLA YRR lemX lem Kob, {#H 5 PYDF AR R R B EER, *
T A

SR BiEHE LUBR 2 BH B /) MEHQ A0 HBT, Ar SR T-10CHRIF

& e ot £ AT DA 32 PH B MEHQ, Ar SR T-10°CIRTE

*% Call, [BI5% 2h, HUEZEIBEE Aor ARPT-10CRAT

KBS, ThYE, 60C T EETR 12 /!, FRERDRERTT
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HME PVDF RHEESI K ATRP EHREGLRTE B RARMELRE

4.1.2 FELHE

FRAeRFEIH 4 (ATRFTIR) KB PVDF S REH A
REEI3E4L, ATR FTIR JiE1E Nicolet 5700 FT-IR I 4MGig (¢ 52k, 1 ZnSe
BB 60 A, ARTREL 160 K, AFEE dem™;

Fb A AR 5 JC2000A, WBIRME 25°C, FHXHRE 60%, BH
A ESWBARRCBR AN A B0 ANE S K RERTFHEEABRALER.

X-SFEOEH TR (XPS)  HhARLTE R M ML A AR X e 7
feit (XPS) FAE, XPS JEFF Kratos AXIS Ultra J&ifiit, HAH X-514
78 (Al Ko, hv=1486.71 eV), IH# 225W (TAEFE 15 kV, EHEHK 15mA).
SRk (AFL) 2848 eV. B/PDEEBGHIF 048 eV (Ag 3dsp), /D XPS 204t
R 15 pm. $IELHF H Kratos Vision 2 H1 CasaXPS$2.2.99.

BRBEAE (PC) FXRNERSWS TEMSTENM, KA Waters
1515 B RS HZE . Styragel MIXED-C i1 Waters 2414 RER A,
THF fEHHiBIH, BRI RHE LR .

BETHEWE (AFM) RIUEREEHRGEHEREEIERA, AL
WSS B TR & T R F) MicroNano-IIl AFM, B, XHERRGYRIE
PR AR RIROCNE, THEETEAE Woollam M-2000 fE R E, A4t
£ B 60 F1 65°, TAFK 370-1000 nm. ¥ FEAMER, AR L=AARXEH
MESERFE, HIEFA WVASE32 a4 E.

Woollam M-2000 #E R  WHEHEFEE, AHAK 60 F165°, TIEH
K 370-1000 nm.

4.1.3 ATRP H#8|% PEGMA 7 PVDF #iEFHEEES
T 1Imb. " PR ZEARK D APEGMA (1. 5mL, 4. 5mmol). Bpy(17mg, 1. 108mmol) .

CuCl (4. 5mg, 0. 045mmol) FICuCl,(1. 26mg, 0. 009mmo1) , iR T H < EH30min,
B EElE T AR, REEESEP TIMAPVDEE S, FHRNER, 31°CT
RNTERE. RMERE, B (PVDF-g-PPEGMA) X&KL
B RIFELEL0N, FETET TR ZEE T#H24h,
4.1.4 ATRPH#:5| RDMAEMA7EPVDF# R M EHE &

#E3 mITHF 311 ADMAEMA(3.25 mL, 19.5 mmol). CuBr (}13.2 mg, 0.09
mmol). HMTETA (24.6 pL, 0.09 mmol), ZiE T &< #20min, B3 £FH H HIH
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FEE  PVDF BEEMET K ATRP SRR G R REE A ERMER

R, REEEARFTMAPVDFE A A H5] ZFIEBIB (13.2pL, 0.09mmol)
HARMGEKR, ETHSCHEPTREMENE. RNEFHREA
(PVDF-g-PDMAEMA ) FI KE Z W Hi Kihig24h B TH S TRE P EE T &
24h. SRV JS A HRE ZBE MR T L RE RS ARR R R ICu, #lihel < B
H” 5LEAE R RS PDMAEMAZ L MBIIE, TR T TET TIRMAS F&
72h, EREE. SEELREBRERRE.
1. 1.5 AN “HEHE” RAET I —M ISR PVDFIE R i BER R 4 (S0

fE2mIEABM LI (11, vv) REERIH IIASE (3.46 mL, 30.0 mmol).
CuBr (14.4mg, 0.1 mmol). HMTETA (27.2 z4L, 0.1 mmol), Zi& T &S 5 30min,
BEFETHES, ARFEESEP TMAEWENER (PVDF-g-PPEGMAZL
PVDF-g-PDMAEMA) 1 “AH” 5IAKIEBIB (14.4uL, 0.1mmol) &} R {4
%, ET10CHBY R4, REGMER (PVDF-g-PPEGMA-5-PStE
PVDF-g-PDMAEMA-b-PSt) & K EH A Y KHiR24h, BEE T TETFTHEFT
#24h, RMNAWT “BH” BEWNERXLSE (PSO WITEKE PR ITERS,
FRTFTEETTRATTREEE,
4.1.6 HARB LR

& MR A U 2mg/mlFIR S R S s (PBS, PH74) H, #
Hl. REEWMMPVDFEE foH B8R, Jo5 4k ZRZETBK FIPBSH MM bE:
HEEH® T, B4HEMEBTEKMEBE KR (PVDF-g-PPEGMA it 5
PVDF-g-PDMAEMA )2 PBS# It LU IR I H K&, 2AE T LR CREH
BSAWW A . A ME ORI 25 C T i#T24h. RIVEHE, WKT
B H R APBSZHBHIESE — K, BRXE ZWEMEKSE — IR £&m
PBS#h. WLF /GBI T2 iE T B2 Ti§24h.
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#WIUE PVDF REHEETE ATRP RO ERAEARTH TR

RV RERMT
[ ATRP §s
CH;-C L] [ — CH—CT-L-{* -CH
2T I sycuBrHMTETA [PVOF 27 In CHzC %T"C‘
O—? O=(|'2
ol ATRP 0-f CH;CH;0F;CH, o-feHzen;0tch,
F (PVDF-g-PPEGMA Surface) (PVDF-g-PPEGMA-b-PSt Surface)
CH
e ATRP . Bk
CH—C%Br—-—- - _
U A Ty M R FrfronsCrtoer
|C " CH O:CI: CH
O-CH;CH;NT 3 — H’CH“N/ 3
2 2\CH3 0-CH; Ny
(PVDF-g-PDMAEMA Surface) (PVDF-g-PDMAEMA-b-PSt Surface)
4.1 it ATRP HRTEAL3H0 PVDF R TR & RSB MEIE PVDF ERE
BB G R EREE

Schemed.1. Schematic diagram illustrating the processes of surface graft polymerization via
ATRP from the purity PVDF surface, and block polymerization via ATRP from the functionalized

PVDF surface.

4.2 R 5Tk
4.2.1 PDFRRERSI K EHR FHEBARERS

20024F, Hester® A B4RIE TELATRPH AR, HPVDFAF-AL E/-FIEEIA
FIE A K IR SPVDF AR RR & kB b, MR A HA
BT, ATREREREPVDF A SRR FERNTIRER, EPVDFRE
T H 2 TATRPER R4 Th At B & WRIPDMAEMAPHIPPEGMA,, F£3R73 Ak
. BEEEITATR FT-IR ZL5M% X PVDFIE R H FI#E 3R & W BT VI 22 «
MPVDF-g-PPEGMA BF1 PVDF-g-PDMAEMABREATR FT-IRZH7i%& &+ 7]
LR 3 A BIPE1732em™ £ B SEAS AL B0 (BnEI4.2404.3) . RIEIHIAE
P R B 7R [F] S $507E 1732em B3 35 25 86 A % T 1400cm ™ (PVDFAF AE TR ML
R AR AR A . 9 T EPAEESL R rPVDF IR R (P BRI AR M5 KR A
ATRPEF RS, RITYERHARLSE (PE) EEMAEPVDFEA LR AKITT
Tofbhscsy, 35 B 7O H AR N & I9AE B4 1 T AT, CL 5 R RO AR
HEECuCYCuClyBpy FHARE](Th AR SIAPEGMA .. LA ERATIEM T S 4 — A%
st , S AU APVDFERIT) S APEGMA, RRBEMEMMER, £
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EWIE  PVDF EEEES K ATRP EEE & R0 &S AWM R

b 5 AR R A I T AT SE % . SR JE, MBAM A PERM LR PR
PVDFE4; BT ATR-FTIRZLAME T, 7E1732cm ™ BT ¥ R I Pl i .

(a)

T (a.u.)

T

600 1200 1800 2400 3000 3600

v (cm'1)

Bld4.2  EHPPEGMARTEPVDFRLA Sh4r 4TiE &
()li¥PVDF, 4 E-SGPPEGMA() 5h (c)8h (d)11h (e)14h
Fig. 4.2. ATR FT-IR spectra of (a) the pristine PVDF surface, and the PPEGMA grafted PVDF
surface for (b) 5h, (c) 8 h,(d) 11 h, and () 14 h.

Reaction conditions: [PEGMAY:[CuCI].{CuCL,]:{Bpy] = 100:1:0.2:2.4, [PEGMA] =1 .8 M, solvent water, temp 31°C.
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El4.3 #EAPDMAEMA I EPVDFRER 41 5153 i B
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Fig. 4.3. ATR FT-IR spectra of (a) the pristine PVDF surface, and the PDMAEMA grafied PVDF
surface for (b) 2.5 h, (¢) 3 h,(d) 4 h,and (e) 5 h.
Reaction conditions: [DMAEMAL{EBIB]:[CuBr]:[HMTETA] = 210:1: 11, [BDMAEMA] = 3.21 M, solvent anisale/acetonitrife = 1/1

{viv), temp 65°C.



#00E PVDF REEHESIE ATRP BHEARFHNR S RBR T

EHEAAFAR SR G WPVDFIRE MMM N EREK. RIGPVDFRE
A 2030 (NE4.4), BHEE T AR BEPEGMATIDMAEMAJS ,
PVDFEZE KL BER, REAMREESRE (5 RMFEHX)
A hn i BTG

95
) * PVDF-g-PPEGMA
00 o PVDF-g-PDMAEMA
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El4.4 shikfbSPVDFREF A /A MR &5E 6 N LA

Fig. 4.4 The variation of water contact angle of the PVDF-g-PPEGMA and

PVDF-g-PDMAEMA surface on graft polymerization time of surface-initiated ATRP.
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¥ PVDF REEES|Z ATRP R RS RREE O R B

B A G FIPVDFRE R B (R LR B S XPS m Rk ot AT T —
ETHE (W45, JRIEPVDFEMNC 1s iR RCHLER (FEiEEN286.2¢V )
FCF, %7 (Ep?E290.9eVZEA) WAL (Fa) . 284.6eVAbAC-HIERE T
XPS{F# KPR . I PVDF-g-PDMAEMA FEZR AT XPSEE AL 3 73 Hri B
(Blb), C 1s MERTLARLE AP, &&H8Ess 7l 284.6, 286.2, 286.8, 287.1,
288.9%1 290.9eV, 7+ AIARE MR K SWPDMAEMAMC-HEH, 5CFMHIER
CH2M, CN, C-0,0-C=0 1 CF, #H. fEPVDF-g-PPEGMA B ML F
A AT XPSENE P, C1s MW LML-E A RAPIE, Exfrloh 284.6, 2862, 287.1,
288.941290.9eV, 4 BHE AEH R SWPPEGMANC-HER], SCRHEMCH,
WE , C-0, 0-C=0,fICFZH. hXPS#HirlLI5 HPVDF-g-PDMAEMAJR %
K [C-N]:[C-O):[0-C=0] t:ZEFIPVDF-g-PPEGMAEF MK [C-0]:[0-C=0]
G URFHNESEREMNTE. K4, PVDF-g-PDMAEMA
PVDF-g-PPEGMAE XML& /M TXPSEI L 5 Bl & /5, SPVDFEEAIIENICE,
MIC 1T R S5 CHAREL Bl B HO-C=0 EHEFNCTE 20 5718 K9 E R AT
A] LL73 A PVIDF B 3 i 5 51 3 £ 28 & FIPDMAEMA FIPPEGMA R & 4 il ) 3
HkE. EHH IR EENEMNER, BEBERaHBIERK, &M@
[0-C=0):[CF )M LLERE N, HEEXPSTERNFIRECRER. EFREHER
BEHESUHBCR - INNERE, EZERR YN EE HXPSHENE
H.
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EIE PVDF REAESIR ATRP EREANETEARREHER

(a)

282 285 288 291 204

EfeV

282 285 288 29 294
E,jeV

B 4.5 Z1HA1)5 PVDF R E XPS TR 46T Cls i E
(a)BL1H PVDF ()R 2R 4 3.90m B PYDF-g-PDMAEMA [ () ¥ ERR #H 6.4nm ]
PVDF-g-PPEGMA [

Fig. 4.5 XPS Cls core-level spectra of (a) the pristine PVDF surface, (b) the PVDF surface with
graft PDMAEMA brushes in thickness of 3.9 nm, and (c) the PVDF surface with graft PPEGMA

brushes in thickness of 6.4 nm.
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SME PVDF RHEEESR ATRP BERSAREEARM R

A TIEAPVDFE R HBEEHE SR~ TR, RNFRIMTmA “8
B” 3EMNKSE “Bd” BSYPDMAEMA, AR E BN R K5 [ 5 5
EYEALEE . WE4.6BT R, [Mo] AVIRARARIRE, [M]2A R FZRT ) 5 R R U
R () Sin(Mo)/[MDZIEIF&EERR . HERRYIPVDFEEESIRE
EATRPR AR —RRNTHE. HEMUEHENGENELAIETRE, Tht
2HTC-FERER, ERNHENCRE BRiFFHIEAN. mE _=R&35]
ARMSIRARAESIREFHEAHEEERES, REFHHAFEESH,
In([Mp)/[M])5 R Rt Al Rk R BT R, MEERRAGIRERFHEE
HEEEHRSFESETH, ATUn((M)/[M))5 R R a St BAR B .
E4.6 (b) A H HESYPDMAEMAR B3 4 T B M, TN FDMAEMARE R[5 )
ARIFENEZ BINRER. HERNTLE N AR ENIEN, M, R
miEd. BaRSYPDMAEMARRBERE THUEM/M,, KAK1L1. RER
T EHNEPVDFER EEERGPNSFEM, BM 5FETEHEEHK
PDMAEMA )5} T8 £ Al 51 9T, ks S % B B1PVDF A 5 {1 REUICHIC-FAE
IR, BT KPVDFEAHATRPE &2 — M IE1d1E,
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Fig. 4.6 The relationship (a) between In([M;}/[M]) and polymerization time and (b} between M,
and monomer conversion.
Reaction conditions: [DMAEMA]:[EBiB]:[CuBr]:[HMTETA] = 210:1:1:1, [DMAEMAT = 3.21 M, solvent anisole/acetonitrile = /]

(v/v}, temp 65°C.
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Fig. 4.7 Dependence of the thickness of (a) the PDMAEMA layer grown from the PVDF surface

by ATRP on polymerization time, and {(b) dependence of the thickness of the PDMAEMA layer on

molecular weight (M) of the “free” PDMAEMA formed in the solution.
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Fig. 4.8 AFM images of (a) the pristine PVDF surface, (b) PVDF-g-PPEGMA surface
(PPEGMA thickness of 6.4 nm), and (c) PVDF-g-PDMAEMA surface (PDMAEMA thickness of

3.9 nm)
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Fig. 4.9 The ATR FT-IR spectra of the PVDF surfaces with graft (a) PPEGMA-5-PSt and (b)

PDMAEMA-5-PSt diblock brushes.
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Fig. 4.10 Dependence of the extent of BSA adsorption (expressed as the [N]/[F] ratic) on

the polymerization time in preparation of PPEGMA brushes grafted PVDF surface.
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