JOURNAL OF PHYSICAL ORGANIC CHEMISTRY
J. Phys. Org. Chen2000;13: 787—795

Switching surface polarity: synthesis and characterization
of a fluorinated block copolymer with surface-active tert-
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ABSTRACT: The surface behavior of a series of block copolymers constructed from poly(shrsmmaifluorinated
side-chain modified isoprene) copolymer was evaluated. The semifluorinated side groups were attached in a post-
polymerization step. The presenceteft-butoxy carbonyl end groups permitted conversion of the polymer surface
from a non-polar hydrocarbon to a polar hydroxylated structure. The microstructure of these block copolymers was
investigated using both electron microscopy and small-angle x-ray diffraction. The surface properties of the as-
prepared polymer films were dominated by the fluorinated block and were found to be independent of the underlying
block copolymer microstructure. After removal of ttest-butoxy carbonyl end groups, a disordered, polar surface

was produced. The surface properties of these films were studied using contact angle measurements and other surfac
analysis techniques. Copyright 2000 John Wiley & Sons, Ltd.

KEYWORDS: surface polarity; fluorinated block copolyméart-butoxycarbonyl

INTRODUCTION associated with photolithography results in a polar
function, thus a logical starting strategy would involve
Tailoring the surface energy and functionality of polymer use of a non-polar, low surface energy material.
films has become increasingly important in a variety of It is well known that some of the important factors in
technical applications. Possible uses include, for exam-the behavior of low-energy surfaces include both the
ple, new biological and electronics technologies such asprecise nature of the atoms populating a surface and their
combinatorial chemistry, microelectromechanical system physical arrangement. Fluorinated polymers have parti-
(MEMS) and high-density semiconductor microchips. cularly low-energy surfaces and have been successfully
Many of these applications require very specific surface used as surface modifiers of the corresponding polymer
properties including tailored adhesion, lubrication, wet- films.* As reported in recent studies of semifluorinated
ting and adsorption behavior. Of particular recent polymers, it is possible to create a low-energy surface
interest, the ability to pattern and switch the chemical that has the additional feature of surface stability. In such
nature of a surface controllably is increasingly desirable. semifluorinated polymers, the surface exhibits a low
Efforts to accomplish this have included microcontact critical surface energy (ca 8 mN ™) and a high water
printing of self-assembled monolayers, growth of poly- contact angle (ca 12fdvancing, 110receding). A
mers from lithographically defined initiation sites and remarkable resistance to surface reconstruction has also
patterning of photoresists. One of the special challengesbeen observed for these polymers when exposed to a
is in translating these capabilities from thin monolayer polar liquid such as watér.Such behavior may be
films to the surfaces of polymers. The chemistry usually important in applications involving non-biofouling or
biocompatibility issues. The detailed synthesis and
. . . o structure of low molar mass seefnifluorinated materials
CO?;FST%%?\?SE%;?%ésé,ol\lljgvrv’ \'\(";ffl'i'sssg?'l%%i‘f Snsi'.fng'”ee”rlgn was first reported by Rabotit al’ in 1984 where the
mesogenic character of short £6egments was recog-
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hydrosilylation of poly(hydromethylsiloane) and a

semifluorinatedLC vinyl compound. Semifluorinated
methacrylateindacrylatepolymershavebeenstudiedby

KrupersandMéller.> All structurehavein commonlow

surfaceenergies,as demonstratecby advancingwater
contactanglesin theregionof 12C°.

On the otherhand,polar polymer surfacegpossessing
polarfunctionalgroupssuchasthe hydroxyl, carboxylor
amino groupsare widely utilized for many applications
including biocompatiblematerialsfor the introductionof
biologically active surfaces surfacesthat resistprotein
absorptionand sensomoleculesfor molecularrecogni-
tion.> However,in generaljt is difficult to createa polar
surfacewhich is composedof a large numberof polar
groupshecaus@nynon-polargroupsin thepolymermust
be maskedat the air—solid (film) interfaceto producea
low energythermodynamicallystablesurface.Therefore
new materials must be developedto createa surface
consistingof polarfunctionalgroupsandsimultaneously
to control surfacestability.

In this study, we examined a new approachfor
controlling both surfaceenergyand functionality using
a photoinducedsurface polarity change.The basis of
thesenew materialsis the combinationof the surface
segregatiorbehaviorof a block copolymerwith semi-
fluorinated side-chains, and the use of chemically
amplified chemistry for the deprotectionof masked
hydroxyl groupson the semifluorinatedside-chainsat a
polymer surface. These semifluorinatedblock copoly-
merswith removableprotectinggroupsoffer anumberof
possibleadvantagesThesemifluorinategholymerblocks
mask the underlying polymer structurewhile the non-
polar tert-butoxycarbonyl (t-BOC) protecting groups
hide the hydroxyl end groups of the semifluorinated
side-chainsThe surfacepolarity canberapidly switched
from a hydrophobicsurfacemade up of the protected
fluorinated componentto a hydrophilic surface after
removal of the protecting groupsin the film during
photoprocessing.A small amount of a fluorinated
polymer can also be addedto a correspondinghomo-
polymer and the resulting blend can have dramatically
low surfaceenergypropertiesin studiesof themolecular
natureof suchpolymerblendsusingtechniquessuchas
near-edgex-ray absorptionfine structure(NEXAFS), it
has been shown that the surfaceis made up of the
fluorinated componentto the extent that the other
componenin theseblock copolymersis excludedfrom
the surfaceregion.

In this paper, we describe the synthesis and
characterizationof poly(styreneb-semifluorinatediso-
prene)block copolymerswith t-BOC endgroupsandthe
deprotectiorof the t-BOC groupin the solid stateusing
photoassistedcleavage by means of a photoacid
generator. The characterizationof the polymer film
was carried out with measurementof transmission
electron microscopy (TEM) and small-angle x-ray
scattering (SAXS). The surface polarity change was
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investigated using both water contact angle and
NEXAFS measurements.

RESULTS AND DISCUSSION

Block copolymerswith fluorinatedblockshavebeenused
for a variety of applicationslargely focusedon surface
modification.In additionto thesestudies suchmaterials
have beenusedrecently as surfactantsin supercritical
CO,° owing to their unusual characteras a micelle-
forming amphiphile in non-polar solvents’ Many
approachesexist for the incorporation of fluorinated
blocks, but they generally involve either the living
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Figure 1. 'H and 'C NMR spectra of poly(styrene-b-
semifluorinated side-chain modified isoprene) block copoly-
mer in CDCls

polymerizationof fluorinated monomers,largely acry-

lates! 8 or themodificationof block copolymersgrepared
by anionic polymerizatior®®'° Recently,a new family

of polymerswas describedusinga mild direct fluorina-

tion reaction® but most other examplesinvolve the

attachmentof readily available fluorinated acid$** as
describedn this paper.

Synthesis

The synthetic procedurefor the preparationof poly(-
styreneb-semifluorinatedside-chain) block copolymer
with t-BOC terminal groupsis illustratedin Schemel.
The anionic polymerization of the poly(styreneb-iso-
prene)block copolymerhas beenreportedpreviously?
The semifluorinated SF) acid side groupwith a t-BOC
terminuswaspreparedy a straightforwardsynthesisin
thereaction,oneof the hydroxygroupsof anSFdiol was
protectedwith di-tert-butyl dicarbonate,and the other
hydroxy group was then esterifiedwith succinic anhy-
dride.Thehydrocarborsegmenprovidedby thesuccinic
anhydride served both as spacerand to improve the
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solubility of the resulting SF acid that was obtainedin
goodyield.

Esterificationreactionsusingacid chloridesareknown
to be cleanand efficient reactions.Suchchemistryhas
been used previously for the effective attachmentof
fluorinated mesogenicgroupsto a polymer backboné
However, when acid chlorides are preparedusing a
typical chlorinating agent such as thionyl chloride,
hydrochloric acid is producedin situ. In our case,the
acid chloride could not be synthesizedrom the t-BOC-
protected SF acid becauseof its acid-labile nature.
Condensingeagentsuchascarbodiimidearealsouseful
for esterificationreactionsundermild conditionst%12-*°
Therefore, we examined three different condensing
reagents],3-diisopropylcarbodiimidéDIPC), 1,3-dicy-
clohexylcarbodiimide(DCC) and 1,1-carbonyldiimida-
zole (CDI), for the esterificationreaction.In the caseof
DCC and CDI, the attachmentyields were ~65% as
determinedy *H NMR measurementsn contrastwhen
DIPC was used, the esterificationreaction was much
moreefficient.It couldbeseerfrom IR spectroscopyhat
the hydroxy absorption peak of the hydroxylated
poly(styreneb-isoprene)was essentially eliminated in
themodifiedpolymer,thusindicatinga high degreeof SF
group attachment. Three absorption peaks due to
carbonyl groups appeared between 1740 and
1760cm . The peaksat 1740and 1755cm™* are due
to the estergroup which links the SF segmentto the
polymer backboneand the ester group locatedin the
middle of the SF segmentrespectively.The absorption
peakat 1760cm ! is insteaddueto the t-BOC carbonyl
group.

The most conclusive spectroscopicevidence for
successfulpreparationof the target block copolymer
was provided by NMR spectroscopythe *H and *C
NMR spectraare shownin Fig. 1 togetherwith assign-
ments of the observedresonancesin the *H NMR
spectrum,the proton signalsof both methylenegroups
adjacent to the fluoromethylene groups appear at
~4.55ppm. The methyleneprotonsignalsresultingfrom
the succinicanhydridegroup appearedat 2.66ppm. In
the 2*C NMR spectrum,three carbonyl signals were
observedat 152.3,171.0and 171.9ppm and are dueto
thet-BOC groupandthe two estergroups,respectively.
The methylenegroupsthat lie adjacentto the perfluor-
omethylenegroupshavesignalsthat appearat 59.8 and
62.0ppm as triplets due to coupling with fluorine. The
extentof attachmenbf the SF acid to the hydroxylated
poly(styreneb-isoprene)was calculatedto be 87% by
using the integrated ratios of the methylene proton
signalsof the SFblock andbenzeneing protonsignalof
the polystyreneblock. Theseobservationssupportthe
formation of the expectedblock copolymer.

The thermal behavior of the block copolymerwas
examinedby thermogravimetri@analysiS(TGA), the plot
of which is shownin Fig. 2. The thermalstability of the
polymerscanbe usedto providean assessmertf the t-
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Figure 2. TGA of the thermal elimination of t-BOC
protecting groups from the semifluorinated side group

BOC contentof the modified polymer. The TGA curve
showsthat the block copolymeris thermally stableuntil
~175°C. Theweightlossdueto thet-BOC groupshegins
at 175°C and continuesuntil ~220°C in a nitrogen
environmentat a heatingrate 10°C min—*. The weight
loss above 220°C is 9.1%, which is in reasonable
agreementwith the expectedvalue (8.4%) for t-BOC
cleavage. After decompositionof the t-BOC group,
further weight loss of the block copolymer gradually
occurredat ~460°C.

In orderto eliminatethe effect of thermalhistory on
sampletransitions the samplewasfirst heatedo 160°C,
which is about 60°C abovethe glasstransition of the
polystyreneblock, andheldat this temperaturdor 1 min,
beforecoolingto —65°C at a rate of 10°C min—*. Two
transitionswere observedat 59.8 and 100.2°C in the
block copolymer. The former transition is the glass
transitionof the SFmodifiedblock andthelatteris dueto
the glasstransition of the polystyreneblock. A DSC
cooling run also showed that these transitions were
reversible No evidencefor LC behaviorwasobservedn
theseblock copolymergdespitethe similarity in structure
to earlier SF polymers.Evidently the larget-BOC group
preventedhe formationof a mesophase.

The solid-statemorphology of the block copolymer
wasstudiedby SAXS andTEM. Samplesvereprepared
by solventcastingusinga 5 wt% propyleneglycol methyl
etheracetate(PGMEA) solution. It shouldbe notedthat
PGMEA was selectedfor the preparationof castfilms
becauseit was also used when spin-castingfilms for
studiesof t-BOC deprotectionof films by chemically
amplifiedchemistry.As shownin Fig. 3, the TEM image
of theblock copolymemwith t-BOCendgroupsrevealeda
microphase-separedhexagonallypackedcylinder mor-
phology. The cylinder structure of the polystyrene
domainsappearedsa dark ring becausef preferential
stainingby RuQ, alongthe microdomaininterface.This
observationhas been made before in materialswhere
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100nm

Figure 3. TEM study of the cylinder microstructure of the
block copolymer. The starting polymer had a lamellar
microstructure, but after attachment of the large SF side
groups, a cylinder microstructure was formed

diffusion of the stain occurs fastestalong the micro-

domaininterface;thuswe do not believethatit is dueto

aggregatiorof unreactedsopreneat theinterfaceregion.
Thus, the remaining regions were identified as the
semifluorinatedside-chainmodified isoprenedomains.
In the SAXS patternsof the modified block copolymer
shownin Fig. 4, diffractedarcsin the smallangleregion
were measuredin the film edge direction and are
consistentvith ahexagonatylinderstructure Scattering
maximawereseparatehobservecht 333,372and440A

from two sidesof a cut sample perpendicularto the
alignedcylinders[Fig. 4(a) and (c)] andthesespacings
are consistentwith a hexagonalmicrostructurejn very

goodagreementvith the TEM results.

Deprotection of the t-BOC groups

The photoacid-cleavable-BOC group was chosenfor
protecting the terminal hydroxy function on the SF
segment, becausethe chemistry of polarity change
following t-BOC deprotectionis the basis of many
chemically amplified photoresistd® By using a t-BOC
protecting group, the surface of the film is initially
hydrophobicbeforeexposureAfter UV exposurdn the
presenceof a photoacidgeneratorthe surfacebecomes
more hydrophilic owing to a changein the surface
functionality to a hydroxy group. Combining these
concepts,we soughtto producea new material which
whenprocessedhto alow surfaceenergyfilm, formeda
materialwith a spontaneouslyrganizedsurfacehaving
the mechanicakobustnes®f a polymerfilm, andwhich
could be lithographicallypatternednto a polar surface.

J. Phys.Org. Chem.2000;13: 787—-795
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Figure 4. SAXS patterns of an aligned section of the semifluorinated block copolymer prior to removal of the t-BOC groups. (a,
b) SAXS pattern from side of oriented section perpendicular to cylinders. (c) SAXS pattern with x-ray beam parallel to oriented

cylinder direction

Both thermal and acid-catalyzedapproachesan be
used to remove the t-BOC masking groups on the
hydroxylatedsemifluorinatedsegmentThe deprotection
of thet-BOC groupson the SFblock copolymerfilm was
examined using an acid-catalyzedcleavage reaction.
Acid catalysisenablesthe use of a much lower heat
treatmenttemperatureand can be coupled to direct
photopatterningprovided that photoacidgeneratorsare
the sourceof the acid. The expected-BOC deprotection
by a photochemicallygeneratedicid on the film surface
is shownin Scheme2. Cleavageof surfacet-BOC groups
providesa direct polarity switch by changingthe surface
groupsfrom a methyl function of the t-BOC groupto a
hydroxygroupafterdeprotectionPolymerfilms contain-
ing 8 wt% of bis(ert-butylphenyl)iodonium triflate
(TBIT), a photoacidgeneratorwere annealecat 120°C
for 60 s to removethe castingsolvent,exposedo deep-
UV light at 254nm andsubsequenthannealedat 120°C

Copyright0 2000JohnWiley & Sons,Ltd.

for 60 s. In orderto investigatethe wetting behaviorof
the films, water contactanglemeasurementaere used.
The water contactanglesof annealedand exposedilms
are listed in Table 1. Before exposure,films were
preparedvith 8 wt% TBIT andshownto havea contact
angleof ~ 10C°. This value is consistentwith a very
hydrophobichydrocarborsurfacepopulatedwith methyl
groups butwould beinconsistentvith eitherstyreneor a
fluorinatedmaterial. The advancingwater contactangle
of the polymer film exposedto a very low UV dose
(2.1mJcm ©) was still above 90° and again demon-
strateda hydrophobicsurface.However,on increasing
theUV exposuradose theadvancingandrecedingwater
contactanglesbeforeand after UV exposuredecreased
by 14° and15°, respectively Theselower contactangles
indicate a more hydrophilic surface with increased
polarity becausef the changean surfacechemistryfrom
a methyl to a hydroxy group.In orderto createa more

J. Phys.Org. Chem.2000;13: 787-795
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Table 1. Water contact angles of unexposed and exposed
poly(styrene-b-semifluorinated modified isoprene) block
copolymer films with t-BOC end groups

Dose(mJcm™?)

Samplé Watercontactangle 0.0 2.1 85 639
Annealed Advancing 101 83 79 75
Receding 89 76 73 67

& All sampleswere preparedby spin coating with 5 wt% PGMEA
solutionon a silicon wafer.
P Annealingcarriedout at 120°C for 3 days.

orderedsurfaceof the type that hasnon-reconstructing
characterthe polymerfilms wereannealecat 120°C for
3 daysandexaminedunderthe identicalconditions.The
advancing and receding water contact angles of the
annealedilm beforeUV exposurewereonly 3° and 1°
higher, respectively, than for the unannealedfilm.
However,the advancingand recedingcontactanglesof
the UV exposed63.9mJcm ) and annealedilms are
9° and6°, respectively)essthanthe exposedinannealed
films at the samedose.Comparingthe contactanglesof
the unannealedfilms with annealedfilms after UV
exposure,the annealedsurfaceshave a much more
hydrophilic surface.This is expectedsinceorganization
of the SF side-chainscan occur during annealingand
producemorehighly orderedstructuresn thesolid state.
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In orderto examinghedeprotectiorefficiencyof thet-
BOC groups,both the unexposedndUV exposedilms
of the polymer were investigatedby Fourier transform
(FT) IR spectroscopyFig. 5(a) and(b)]. The IR spectra
before and after UV exposureare otherwiseidentical,
except for regions associatedwith the carbonyl and
hydroxy bands.The carbonylbandsof the polymerfilm
had three distinct peaks, as discussedearlier. The
observedpeakabsorbanceéeforeandafter UV exposure

(b)

unexposed
with PAG

2.1 mJlem?

8.5 mJ/cm?

% Transmittance

63.9 mJ/cm?

by CF,COOH

R = ~(CFy’ CH2-0<':|~o-r-Bu
] 1 |
1800 1750 1700
Wavenumber (cm-1}

1850 1650

Figure 5. FTIR spectra as a function of exposure dose showing (a) entire spectral range and (b) region adjacent to carbonyl
bands. For comparison, the spectrum of a sample deprotected using trifluoroacetic acid is also included
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(dose=63.9mJcm™?) changed significantly in this

region. The peakat 1760cm * gradually decreaseds
theUV dosewasincreasedFig. 5(b)], with no changen

the other two estercarbonyl peaks.The absorbanceat

~3400cm ™ increasedwith increasingUV exposure
dose. The t-BOC function of the SF side-chainwas
efficiently cleaved to form hydroxy groups by the
deprotectionreaction,as indicatedby the strongabsor-
banceat this wavenumberFurthermorethe IR spectrum
after UV exposureat 63.9mJcm 2 was in very good
agreementwith the IR spectrumof the fully t-BOC

deprotectedlock copolymerwhich was obtainedusing
deprotectionby trifluoroacetic acid solution at room

temperaturdor 1 h.

In additionto watercontactanglemeasurementsf the
film surface,NEXAFS measurementsvere carried out
for thesepolymersprior to and after UV exposureThis
method can provide information about both surface
compositiorandsurfaceorientation*’ Thistechniquehas
beenusedpreviouslyto study non-reconstructigp semi-
fluorinated surfacesthat gain their stability from the
presenceof LC forming structureson the polymer
surface.NEXAFS has revealedpreviously that the SF
groups were strongly oriented nearly normal to the
surfacein polymerswith singleand monodendrorside-
groups:® The order on the surfacewas associatedvith
enhancedsurfacestability in polar environments.One
objective, therefore,of constructingthe surfacegroups
from semifluorinatedsegmentavasthe goal of simulta-
neoushigh surfacepopulationandtheintroductionof the
stability causedby the formation of an orderedphase.
Thepresencef fluorinein the surfaceregionwasclearly
demonstratedby the NEXAFS measurement$dowever,
in neithercasewasthereany evidencefor surfaceorder
andorientation.This is consistentvith thermalmeasure-
mentsthatrevealedho mesophasen eitherthe protected
or deprotectedpolymer with SF side groups.Thus the
presence of both bulky, non-polar t-BOC groups
preventedhe formationof an orderedphasewhile their
removalandtheintroductionof a polarhydroxygroupto
the SFfunctionalsoinhibited formationof anLC phase.
The consequencef this approachis that neithersurface
provides for temporal stability. The creation of new
patternablestructuresthat take theseobservationgnto
considerations now underway.

EXPERIMENTAL

Materials. 1H,1H,10H,10H-Perfloro-1,10-decanediol
(96%, Lancaster Synthesis), di-tert-butyl dicarbonate
(99%, Aldrich), triethylamine (99%, Aldrich), pyridine
(99.8%, Aldrich) and propylene glycol methyl ether
acetatg PGMEA) (99%, Aldrich) wereusedasreceived.
1,3-Diisopropylarbodiimide (99%, Aldrich) was used
after purification by distillation undervacuum.Succinic
anhydride(99 + %, Aldrich) waspurified by recrystalli-
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zation from chloroform. 4-(Dimethylamino)pyidine
(99%, Aldrich) was recrystallized from benzene.4-
(Dimethylamino)pyridgnhium 4-toluenesulfonatevaspre-
paredby reactionof hydratedp-toluenesulfoniacidwith
4-(dimethylamino)pyidine andusedafter purificationby
recrystallizatiorfrom dichloromethané? Tetrahydrofur-
an (THF)(Fisher)was distilled from sodiumbenzophe-
noneketyl undernitrogen.Hydroxylatedpoly(styreneb-
isoprene)block copolymerwas synthesizedby hydro-
borationof monodisperspoly(styreneb-isopreneblock
copolymerhaving a 1,2- and 3,4-polyisoprenecontent
>97%21°

1H, 1H, 10H, 10H-Perfluoro- 1-tert-butoxycarbonyloxy-

10-decanol. The t-BOC-protectd SF monofunctional
alcohol was synthesized by reaction of

1H,1H,10H,10H-prfluoro-1,10-deazediol with di-

tert-butyl dicarbonate.To a single-neckedround-
bottomed50ml flask equippedwith a nitrogen inlet

and magnetic stirrer, the fluorinated diol (9.24g,

20.0mmol), the di-tert-butyl carbonate (1.74g,

8.00mmol) anddry THF (20ml) were addedundera

nitrogenatmosphererhe mixture wasstirredfor 5 min

while cooling at 0—-5°C andthena catalyticamountof

4-(dimethylamino)pyridine(61.0mg, 0.500mmol) was
addedto the mixture at this temperatureThe reactor
wasthenslowly warmedto roomtemperatureandheld

atthistemperaturdor 2 h. After thereaction,THF was
evaporatedColumnchromatographyf the residueon

silica gel with an eluentsolventmixture of n-hexane—
dichloromethaa (1:2) gavea colorlessliquid (3.64g,

6.47mmol, 81%). IR (NaCl), » (cm ) 3480(0O— H,

st), 2990, 2920, 2880 (C— H, st), 1760 (C=0, st),

1210,1150(C— F, st). *H NMR (200MHz, CDCly), §

(ppm) 1.49(s, CHs, 9H), 2.32(t, J=7.0Hz, OH, 1H),

4.07 (tt, J=7.0Hz, J=13.6Hz, CH,, 2H), 4.55 (t,

J=13.7Hz, CH,, 2H).

3-{(1H, 1H, 10H, 10H-Perfluoro- 1-tert-butoxycarbonyl-

oxy-10-carbonyloxydecane)}propionic acid. To a one-
neckedround-bottomeds0ml flask equippedwith a

nitrogeninlet and magneticstirrer, 1H,1H,10H,10H-
perfluoro-Zttert-butoxycarbonyloxy-168decanol (3.37g,

6.00mmol), succinic anhydride(0.600g, 6.00mmol)

anddry THF (5 ml) wereaddedanddissolvedat room

temperatureOne drop of triethylaminewas addedto

the mixture with a syringeandthe mixture wasstirred
for 2 h atthis temperatureAfter thereaction,THF was
evaporated.The residue was recrystallized from n-

hexaneto give a white solid. Yield 3.64g (5.49mmol,

92%). M.p. 54.5-55.5C. IR (KBr), v (cm *) 3370-
2600(0O— H, st), 2980,2940(C— H, st), 1760,1755,
1700 (C=O0, st), 1210, 1150 (C— F, st). 'H NMR

(200MHz, CDCly), 6 (ppm)1.49(s, CHz, 9H), 2.73(s,

CH,, 4H), 4.55 (t, J=13.7Hz, CH,, 2H), 4.61 (t,

J=13.5Hz, CH,, 2H).
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Synthesis of poly(styrene-b-semifluorinated side-chain
modlified isoprene) block copolymer with tert-butoxy-
carbonyl end groups. To a one-neckedound-bottomed
10ml flask containinga stir bar, the SF acid (0.543g,
0.821mmol), pyridine (0.5ml) and THF (2ml) were
addedundera nitrogenatmosphereAfter the acid had
dissolved, 1,3-diisopropylcarbdiimide (0.103g, 0.821
mmol), 4-(dimethylamino)pyridine (0.100g, 0.821
mmol) and 4-(dimethylamino)pyidinium 4-toluenesul-
fonate (0.241g, 0.821mmol) were addedto the flask.
After the mixture had been stirred for 1h at room
temperature the solution turned purple. The hydroxy-
lated block copolymer (300mg, 0.632mmol/OH) was
dissolvedin THF (3 ml), andthe resultingsolutionwas
injectedslowly into the reactionflask througha rubber
septum.The reactionwas maintainedat room tempera-
ture for 24h. Once the reaction was complete, the
solution was poured into methanol-water(1:1). The
resultingproductwas collected,washedwith methanol-
wateranddissolvedn THF, andthenthe solutionpoured
into methanol-wate(1:1) five times andinto methanol
twice to removeexcessSF acid and ureaside product.
The modified polymer was collected, washed with
methanoland dried in vacuo at 50°C for 24h. Yield
0.5869 (89%). IR (KBr), v (cm™ ) 2980,2940(C— H,
st), 1760,1755,1740 (C=0, st), 1600, 1500 (benzene,
st),1210,1150(C—F, st). 'H NMR (200MHz, CDCly),
6 (ppm)0.79-2.47br, CHs, CH,), 1.49(s,CHa, 9H),2.66
(br, CH,, 4H), 3.89-4.13(br, CH,, 4H), 4.55 (br, CH,,
4H), 6.5-7.26br, benzene5H). *C NMR (100.12MHz,
CDCly), 6 (ppm) 13.5,27.6,28.6,28.8,33.0,40.7,40.9,
42.9,44.2,46.0,59.5,59.8,60.0,61.7,62.0,62.2,84.1,
108.5,111.1,112.0,113.8,114.3,114.6,114.8,117.2,
125.7,125.8,127.5,127.6,127.9,128.1,128.4,145 4,
145.9,146.3,152.3,171.0,171.9.

Removal of t-BOC groups by Acid hydrolysis. Theblock
copolymer (20 mg, 0.0168mmol/t-BOC) was dissolved
at room temperaturan THF (2ml) in a single-necked
round-bottomed20ml flask equippedwith a nitrogen
inlet andmagneticstirrer. Trifluoroaceticacid (1 ml) was
injectedinto the flaskandthe reactionwasmaintainedat
roomtemperaturdor 1 h. After thereaction,the solution
was poured into water (20ml). The product was
collected, washedwith water and methanoland dried.
Yield 17mg (94%). IR (KBr), v (cm™~ ) 3400,(0— H,
st),2980,2940(C— H, st), 1755,1740(C=0, st), 1600,
1500 (benzenest), 1210, 1150 (C— F, st). *H NMR
(200MHz, CDClg), é (ppm) 0.79-2.47(br, CHsz, CHy),
2.66 (br, CH,, 4H), 3.89-4.13(br, CH,, 4H), 4.05 (br,
CH,, 2H),4.55(br, CH,, 2H), 6.5—7.26br, benzene5H).

Removal of t-BOC groups by chemically amplified
chemistry. Solutions of the block copolymer were
preparedy dissolving5 wt% of the polymerin PGMEA.
Approximately 8 wt% (with respectto the polymer) of
TBIT, asphotoacidgeneratoPAG), was addedto the

Copyright0 2000JohnWiley & Sons,Ltd.

polymersolution. The solutionwasthenfiltered usinga
0.2um poresizeTeflonfilter. Films of the polymerwere
madeby manuallydispensinghe solutionon to a silicon
wafer,followed by spinningfor 60s atca2000rpm. The
sampleswere then bakedat 120°C for 60 s. Exposures
were performedusing an HTG contactaligner with a
mercuryarclamp.Specialmirror setswereusedto obtain
broadbandillumination from 235 to 260nm with an
intensityof ~3.5mW cm 2 at 254nm. The waferswere
floodexposedor varyinglengthsof time (0.5,2 and15s)
to obtain different exposuredoses.The exposedwafers
were then bakedat 120°C for 60s to effect the acid
cleavageof thet-BOC groupsby chemicalamplification.

Physical ~ characterization. Infrared spectra were
measuredusing a Mattson 2020 Galaxy seriesFourier
transforminfrared spectrometewith 4cm™* resolution
using64 scans Samplesvere pressedn a KBr tabletor
caston an NaCl crystalplate.

'H NMR spectrawere obtained on a Varian 200
spectrometerat 200MHz. The carbon spectrumwas
measuredon a Varian FX-400 instrument at *3C
100.12MHz. Deuteratedchloroform was used as the
solvent.

Gel permeationchromatography(GPC) was carried
out usingfour WatersStyragelHT columnsoperatingat
31°C. The effective molecular weight range of the
columnsis from 500to 10’. GPCdatawerecollectedby a
Waters 490 programmablemulti-wavelength detector.
Molecular weights are quoted with respectto mono-
dispersepolystyrenestandardsTHF wasusedassolvent
andthe GPCoperatedat 0.3ml min~. Block copolymer
wasdissolvedin THF ata concentratiorof 3.0mgml 2.
A polymer solution volume of 20l was usedfor GPC
measurements.

Thermogravimetri@analysis(TGA) measuremenias
performedon a Perkin-EImerTGA-7 Seriesinstrument.
A sampleof ca5 mg wasanalyzedusinga 10°C min~*
heatingandcoolingrate.Nitrogenwasusedaspurgegas
at a flow-rateof 40ml min~™.

Differential scanning calorimetry (DSC) was per-
formed using a Perkin-EImerDSC-7 Seriesinstrument.
Sampleof ca10mgwereanalyzedusinga 10°C min™*
heatingandcoolingrate.Nitrogenwasusedaspurgegas
at a flow-rateof 40ml min—™.

ContactanglesveredeterminedisinganNRL Contact
Angle GoniometerModel 100-00(RameHart) at 20°C.
Films were preparedby spin coatinga 5 wt% block
copolymer—PGMEAsolutionon a silicon wafer at room
temperatureThe contactangleswereaveragedverfive
measurementd he advancingcontactangleswereread
by injecting 4l liquid drops. The receding contact
angleswere measuredyy removing 3 pl of liquid from
the dropletwhile the staticcontactangleswere obtained
usinga free drop of liquid (ca4 ul) onthefilm surface.
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