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Modification of solid surfaces by polymer thin films with nanoscale thickness is a versatile and

effective technique for tailoring their properties such as wettability, adhesion, lubrication, friction, and
biocompatibility etc. Various approaches have been developed to modify the solid surfaces at nanoscale;
layer-by-layer (LbL), self-assembled monolayer (SAM), and Langmuir-Blodgett (LB) technique etc.
Especially LB technique is attractive one because of the fabrication of ultrathin films with a controlled
thickness at a molecular size and well-defined molecular orientation. This thesis describes the potentiality
and versatility of fluorinated polymer nanosheets to modify various surfaces at the molecular level. In
chapter 1 the general introduction to Langmuir-Blodgett (LB) technique, polymer LB film, properties of
fluorinated polymer, reasons and various approaches for surface xﬁodiﬁcation and objectives with outline of

the studies have been discussed.

CH;

In chapter 2 a novel amphiphilic fluorinated polymer, —6 CHz—é'—%—
poly(N-1H,1H-pentadecafluorooctylmethacrylamide) | -0
(pC-FisMAA) has been synthesized by free-radical (I:
polymerization and investigated its spreading behavior on Iil:z
water surface to prepare fluorinated polymer nanosheet. (CFps
pC-FisMAA takes a stable monolayer formation on the water (lqu

surface in which the methacrylamide backbone is at the water ~ Figurel.Structural formula of pC;F;sMAA
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surface and the fluorocarbon chain is tilted toward the air. Monolayer thickness has been calculated by XRD
and SPR measurements, and found to be 1.31 nm. The pC,F;sMAA LB film shows “odd-even” effect in
contact angle and changes alternately between 114° (even) and 111° (odd). The pC;F;sMAA LB film has
shown good thermal stability with keeping the surface properties up to 300 °C. The fluoroalkyl chain is
densely packed at the surface of the pC-F;sMAA LB film and takes highly oriented structure in which CF;
groups expose to surface, leading to low critical surface tension compared with PTFE. The AFM results
indicate that the surface morphology of pC;FsMAA LB film strongly depends on the number of deposited

layers.

In chapter 3 a series of novel copolymers of N-lH,1H—pentadecaﬂuorooctylmethacrylamide with
methacrylic acid (pC;F1sMAA-MAc) have bbeen synthesized to fabricate a well-ordered insoluble fluorinated
nanocoating on solid substrates. All the copolymers form stable monolayer on the water surface and can be
transferred onto solid substrates yielding Y-type LB film. All the copolymers show “odd-even” effect in

contact angle and it change

alternately between 110° (even) Polymer nanosheet

and 105° (odd). Critical surface %ﬁ* #&#
tension measurement reveals that COOH COOH C—O C—O
the surfaces of copolymer LB films NH,  NH NH NH

are covered mainly with CF;

Heat-treatment

o
'

groups. All the copolymer LB films.

form smooth surface at nanoscale .
Amine-modified solid surface

as  observed by  AFM. Figure 2. Fabrication of a nanocoating on a solid substrate
pC/FisMAA-MAc polymer

nanosheet (LB monolayer) can be effectively coupled on aminosilane modified solid substrates by heat
treatment (215 °C, 2 hr) to fabricate a stable nanocoating. This nanocoating has shown strong resistance to
dissolution into common organic solvents, scratch resistance, low friction coefficient and strong lubricating

durability.
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In chapter 4 as an application in biomedical fields of fluorinated polymer, the adsorption behavior of
protein (BSA used as a moddMProtein) by SPR on gold surface modified with highly ordered and low surface
energy fluorinated polymer LB film is investigated. It has been found that BSA molecules have been
adsorbed onto fluorinated polymer LB film surfaces from aqueous solution at pH 7.4 primarily through
hydrophobic interactions. The BSA molecules may take side-on multilayer orientation during the adsorption

process.

In chapter 5 the effectiveness and versatility of fluorinated polymer LB film as a surface modifier to
tailor the surface properties (without altering the bulk properties) such as adsorption, adhesion, hydrophilicity,
hydrophobicity etc. of various surfaces (polymeric dental composite and polyimide) are discussed. The LB
film modified teeth surféces are able to prevent adsorption of coloring substances in a tea extract compare to
the unmodified one due to the low surface energy of fluorinated coating and is expected to contribute greatly
to dental health. Fluorinated polymer LB film (monolayer) is able to modify the polyimide surface to

generate a hydrophobic surface, which behaves like an “artificial Teflon”.

LB film (10 layers) modified tooth

Bare tooth

Figure3. Photographs of unmodified and modified teeth surfaces after immersion in a tea extract (90 days)

In chapter 6 the summary of the thesis has been described.

The present thesis has been nicely clarified the potentiality of fluorinated polymer nanosheets to
modify the various surfaces at nanoscale order and believed that the studies carried out here have a

great impact in various fields such as thin film technology, surface nanotechnology, biomedical

field, and dentistry etc.
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WE, F/F7 70— BTGNS E-THE0., A, B FEFLELTHFLANNTOR
- LB L TRARERE T/ -4 7T HRMBARMNEBEED TS, BRI TIET v
FRARMEBAKYE., BEFERERFENREREZRTIEREFEL., B FRERERKEDO 1 DT
»% Langmuir-Blodgett (LB){EZFIHTAIETI7vERRmI T/ —h2ERL,. 7vFER
BATF /o= RNCEAEERREICONWTRILEMEDREZEZLEDEDBOTHD., 2R 6 BELDH
RENTNVS, ‘

BIEIBSTHY, THROERLBMIIONTRRTNS,

FB2ETR 7 vHRAREDTMEOGERBLUIZD 1B BEREICOVTRITZIT> TS, 7 vibk
FHE 7 0o 2 F T B 7 v K AEBEBEESE S F poly(N-1H,
1H-pentadecafluorooctylmethacrylamide) (pC,F,;MAA) Z&R L. TOKE ETOHESFE
BENIOWTRHEIT > TWS, pC,FMAA REBEREXEICXD, BOFJF /) — ML TEERER L
KRBETHIENTE, REBROBHFICL > THMANFAEL<ELTZILE2RBLE, xR
HE N’ pc,F ,MAA B FF /2 — ROEMECEREZE XREFP PT-IR. KA T 7 XEHBHER
EIEDFEL., 7 v bRRENMZFFEICHEMLEZ1BHZ0H1.30m OESTREBPTHZ &%
oML, 5T pC,F MAA BH T/ — 0 300 CE TORLENLEFETHTEEHASM
LTwa,

BIETRT vRRED T/ ¥— FORGERNOILEREREZE LT/ 3—F 4 V7 TEALU T
i ket 217> TWH.N-1H, 1H-pentadecafluorooctylmethacrylamide & A% 7 U JLE (MAC)
DIEGH (pC,FMAA-MAC) NERD 7 v RRESTFMEZERL. LB BRICKVEZTF /o —h
EEELTWS, TIVEENIVRCBOBMTOMEERIGIKERBL, 7IVERRRIATEIT >
B 7)) TEITUIE L = BEAEER EIZ pC,F ,MAA-MAC B3 FF /> — hERBEL. 215CT 2 K
BOBERETZET. 7/ ANV OBFFRERZCFHISGEBRICEENT 5 Z LITRIIL .
EEILE N7z pC,F,MAA-MAC B FT /> — MCDWTTHAERBREERHLAEEZ S, BEOER
BEICHL THBIIEN-TIAEHRAR G ZRLE., £, 5IBEHRARICELY., AElLan:
DpC,F, MAA-MAc BT/ ¥ — FEREANMEEBRREE2ETE &, ioézufaibl’iib‘tfﬁf;ﬁbﬂzb
WEEETDZENASMERD T,

BABETRIVEREDFF/ O— TR AT DBEEBE T DOVWTRIF LTS, £HTSXE
CHBESCKBRIEE T 70N CRABlIEEICED, RENGZEZAIES THS bovin serum
albumin (BSA) D7 vRBREDITT/ — b ENORBEHEFHZREHL TS, BSA I& pH7.4 D&M
TTAKBBICREZIN. Vv RBREADT T/ — P EANDBSADEKER insitu TEZY—LTW53,
KESFETYRREDTFF/ — FEAMOBK —B/KMBEERN Bsa D7 v RREBHFF /32—
FEANDEREBEICIRDEEEZRIFL TR EEZI SN, T BSA D TNY A RAEOZBHIRET
EELTWBZ ENRBEIN,

BsBTRI7vRZBITFT/ > — FOXRARBEDHARRICOVWTHRIET> T3, &5 FRlE
NERBDALEE 7 v RABD T/ — NTREEBMTHIEIZLD., BRODIEFREZEEBI A
HIEMTEBLZEZEZHASMILTVNS, 2, R I REBEEEIC 7y EREDTF/— 2%
3ETRREAETEENICEEN TS Lk, MBI T<hTF 7o LT 2REKEE2E
TE2T74NLEEREREZEZREBLUE. BEERPILY O ARHAOKLBERNARETHS Z
EERLTVS, '

%6 BEIIEMYORIETH 5.
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