AVPHI PHI LI C BLOCK COPOLYMER FOR ANTI FOULI NG COATI NG CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains the benefit of U S.

Provi si oD 20pypiosazat i on No. 61/ 202, 303, filed February PCI/Sg00@/ 004058 entire
contents of which are incorporated herein by reference. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates generally to antifouling

materi al's, ang ticul ar to antifouling copolyners and coatings and

ot hode. of T oRMETEPHIEE BLOGK FEROLYMER EOF AT SRLKENG S ASNG £

| NVENTI ON [ 0003] Sel f-assenbling pol yners and nano-structured polyner thin
films are expected to be useful for marine and bi onedi cal applications,

such as for formng antifouling coatings. [0004] Sone specific copol yners

have been proposed as potential antifouling nmaterials. For exanple,
Kri shnan et alROSSAREMRENGEDHEO RELAGEESABPLIGATIONUI i ng bl ock copol yners.
See. e.g., S. Krishnan et al., J. Mater. Chem, :2008, vol. 18, pp.

3405- 3413, Kris n_et, al,. an ir, 2006 | 22 A . 5P75-5086: S.
<t D onnaroepty < BAREaShickeon ARR s enspbsr U Protiosb ApRRetid iRy o
THE | NVESTRON3DBOARH FetRUary 57, 20006 the Ontiral dopetts iof whih afcanbbm@ramier i al s
and for antifouling materials with inproved properties.[0006] Accordingly,

an aspechersin Pheeferansent i nvention provi des an anphi phic bl ock copol ymer
for providing an antifoulirig surface. The bl ock copol ynmer conprises a
first polyneric block of repeat units and a second pol yneric bl ock of
repeat units, copolynerized by living radical polynerization. The first
bl ock conprises hydrophilic antifouling side chains bonded to a first
backbone segnieid.D Oirel HEAMVENDOKIONe segnent has a length of 10 to 200
repeat units. The side chains have an average length of 5 to 23 nonomer

units. Tﬁ%oﬁfpeat I’W{et Ereisgn{ i?\%e;\f-ic;ns }elates generally to antifouling materials, and
particularly to antifouling copolymers and coatings and methods of forming such

copolymers and coatings.

'BACKGROUND OF THE INVENTION

[0003] Self-assembling polymers and nano-structured polymer thin films are
expected to be useful for marine and biomedical appliCations, such as for forming

antifouling coatings.

[0004] - Some specific copolymers have been prbposed as potential
antifouling materials. For example, Krishnan et al. reviewed a number of possible
antifouiing block copolymers. See. e.g., S. Krishnan et al., J. Mater. Chem., 2008,
vol. 18, pp. 3405-3413; S. Krishnan et al., Langmuir, 2006, vol. 22, pp. 5075-5086;
S. Krishnan et al., Biomacromolecules, 2006, vol. 7, pp. 1449-1462.

SUMMARY OF THE INVENTION

[0005] © Thereis a need for alternative antifouling materials and for
antifouling materials with improved properties.



bl ock have a pol ydi spersity index of 1.3 or |less, such as about 1.15. The
second bl ock conprises hydrophobic antifouling side groups bonded to a
second bawbkhoresegnment. The second backbone segment hagca/sicengionoosg 10 to
200 repeat units, such as from60 to 200 repeat units, or about 100 repeat
units. The side groups of the second bl ock may conprise fluorinated groups.
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provi ded a conposition for providing an-antifouling surface
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to a fi reégrhaqlfbnﬁedeegﬁ%vry@tte%ifdupstTme’sbbmekmnmphee palyl(ethgtémeof 10
units. The side chains have an average length of 5 to 23

ﬁrgnf)?rgr 'divre i Iy metindethes sagthasateiandithe secpad blﬂcdfdnaxﬁsiv@pasem ydi spersity

I ndex of 5 diy @ ePtafluRPSstyretd). af‘f’leafﬁgf‘ﬁlo&k Ry doMRp&E BRY thgke glycol)
4methylether acrylate and the second block may compmse poly(hexafluorobutyl
methacrylate). The copolymer may comprise a third block of repeat units that is
different from the first and second block. | N

[0007] | In accordance with another aspect of the present invention, there is
provided a method of forming the block copolymer described herein. In this
method, a first precursor for the first block and a second precursor for the second
block are copolymerized by living radical polymerlzatlon to form the block
copolymer. The living radical polymerlzatlon may comprlse atom transfer radical.
polymerization, or reversible addltlon-fregmentatlon chain transfer polymerization.
The first precursor may be a polymer having a polydispersity index of 1.3 or less.
The first precursor may be formed by living radical polymerization.

[0008]'- - In accordance with another aspect of the present invention, there is
provided a composition for providing an-antifouling surface The composition
comprlses an amphiphilic block copolymer comprlsmg a first polymeric block of
repeat units and a second polymeric block of repeat units. The first block

comprises hydrophilic antifouling side chains bonded to a first backbone segment.
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conpri ses hydrophobic antifouling side groups bonded to a second backbone
segnent. The second backbone segnent has a length of 10 to 200 repeat

units, sueb2ar/060280 200 repeat units, or about 100 repead/SGRIt0HN00FHe bl ock
copolynmer in the conposition has a polydispersity index of 1.3 or less, and

may be aH?Iock'copolyner as described’in the two precedi ng_paragraphs.
[0009] | hhebitsspackrprieoseomeant nrs ajengibofdp to OO0 eredhNits v e Bige, chairg e i s
provi de N [ td ri SiNghidNensa : Ik T
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hydr ophdidve a glydispessity ihgdx ophi3 orclesegiuwhsas diveuthly 88 ofhesecond dilotks ar e
formed of the hydrophohbi.c antifouling side grogas of the bl ock copol yner,

and t he FRIBPTEIAT NYEOPRRRIE fatiEgUling sidaaraspsbioadgd dp &3rdond kapkbpBal i ng si de
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hydr ophi eic ret'gi ons may f%ﬁbgngéﬁgﬁelﬁﬂgs%lgé “and ({;E{aﬁg(? ﬁé«}?eagyﬁg%’e

hydr ophofiiah asg0 émg0amepéstdmiishot aboutetfilorpeatynitr fha bib cpeopehdnehiase. The
di spers regi ons,. have, ap aver age,. Si rom 1l nanoneter t
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of the péspfythet 8y @BS¢Nbd ﬁﬂﬁé‘%wb%r@ééﬁih%ﬁﬁréq@%éﬂ'0” conprising .a sol vent
and the above conposition dispersed in the solvent. [001 1] In accordance

with a further aspect of. the present invention, there is provided a method
of fornil9§08h anti 1REFFRginDdE 2 fiytharaspepofdhensesentinyeniion, thargiis net hod,
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erbodi meiouic 8 Bou bee ol CondtmB il ARSI AR diomral 1 ©
formed of the hydrophilic antifouling side chains of the block copolymer. One of the
“hydrophobic regions and the hydrophilic regions may form a continuous phase and
the other of the hydrophobic regions and hydrophilic regions may form a disperéed
phase. The dispersed regions may have an average size from 1 nanometer to 1

micrometer, such as about 20 nm.

[0010]  In accordance with another aspect of the present invention, there is
provided a solution comprising a solvent and the above composition dispersed in

the solvent.

[0011] - In accordance with a further aspect of the present invention, there is
provided a method of forming an antifouling coating from the above solution. In this
method, a layer of the solution is deposited on a surface; the solution is heated to
facilitate phase separation in the solution; and the solvént is removed from the layer
of the solution after the copolymer has phase separated to form separate
hydrophilic and hydrophobic phases. . ‘

[0012] Other aspects and featurés of the present invention will become ‘
apparent to those of ordinary skill in the art upon review of the following description

_ of specific embodiments of the invention in conjunction with the accompanying
figures. '



figures. BRI EF DESCRI PTION OF THE DRAWNGS [0013] . In the figures, which
illustrate, by way of exanple only, enbodinents of the present invention,
[0014] . WOGn10l09s®4a perspective view of a coating on aPSulssS20@i080058

exenpl ary of an enbodi nent of the present invention; [0015] . FIG 2 is a
schematic diagramillustrating the structure of an anphiphilic block

copol yner, exenplary of an enbodi nent of the present invention; [0016] FIG
3 is a schematic diagramillustrating a synthesis route for preparing an
exenplary a Lphi L : r ry of enbodi nents of the
present i nvglr)é]llkﬁ%';l hﬁ#%ﬁggfgg%gﬁg&g‘?c diagramillustrating a
synthesis route for preparing another exenplary anphiphilic block '
copol ynepo18xenpl any 19d figiHeedhWARIM ifustfate ey Rag Dt ekaimple bhiyoBmblodihétsFI G 5
is a line graph show ng Tepresentative 1H NVR spectra of the sanple

copol ynesf the present3nventionl or of orm and wat er sol vents respectively. [0019]
FIG 6 is a line graph show ng the gas perneation chronmat ography (GPC)

el axat 19018 e o 00r AUR P PeR e iR Catfip o SslbHFad! BRITBLAVLTD ¢

ymer 1n a ution;
[0021] Fhfentbodiment sfahepresértinedreion; on i croscopy (TEM inage of a sanple
material; , [0022] .(FIG 9 is a |line graph show ng the differential scanning

cal ori nmetr DSC) rve .of the sanpl.e copgl - .of FIL.G .3: | 023] .FIG
10 is anl0%18ki ¢ foﬁﬂ@-%'ﬁ@o%‘@&mﬁ%b: Wraﬂgﬁlb‘ﬁ{%{'% %tru%{ugea%$ film
cont ai ni iIRANBLR cEORPMLFEExeMiplBH DT ah ERBAIMEMGT thd present TiMritioage of
a sanpl e%PH%%(I:Iont a%:nicn'g&?he sz;(rrpl% c}(ﬁ)ig)ol ymer of FIG 3; p|[ 0025] FIG 12 is
| i ne graph showi-ng 1H NVR spectra of two _sar‘rPI e materials;
[0016] FIG. 3 is a schematic diagram illustrating a synthesis route for
preparing-an exemplary amphiphilic block copolymer, exemplary of embodiments of

the present invention;

[0017] FIG. 4 is a schematic diagram illustrating a synthesis route for
preparing another exemplary amphiphilib block copolymer, exemplary of
( .

embodiments of the present invention;

[0018] = FIG. 5is aline graph éhowing representative "H-NMR spectra of the

sample copolymer of FIG. 3 in chloroform and water solvents respectively.

[0019] - FIG. 6 is a line graph showing the gas pérmeation chromatography

(GPC) profiles of two sample materials;

[0020] | FIG. 7 is aline grabh showing the relaxation time distribution function

of a sample copolymer in a solution;

[0021] FIG. 8 is a transmission electron microscopy (TEM) image of a

sample material;

[0022] FIG. 9 is a line graph showing the dif'ferent‘i‘al scanning calorimetry (DSC)

curve of the sample cépolymer of FIG. 3; R

[0023] FIG. 10 is an atomic force micrdscopy (AFM) height image of a sample film

containing the éémple copolymer of FIG: 3;‘



[0026] FIG 13 is a line graph showi ng GPC profiles of the sanple materials

of FIG 12; [0027] FIGS. 14 and 15 are AFMimges of a sanple filmbefore

and aft erwoabavossieat nent, respectively; [0028] FI G 16PC3/S&26esndas i c

diagramillustrating a procedure for preparation of sanple coatings; [0029]
FIGS. 17, 18 and 19 are |ine graphs showing the time dependence of .

absor bed0RB4% of difiGel bista FFdiroagrsofcnsarame il eenieiningshe saniplp®@osaymBr G 20
is a schegmgi4 diagramof a mcelle fornmed of an anphiphilic bl ock

copol yner. DETAI LED DESCRI PTI ON [ 0031] FIG ~schematically illustrates an

antifouli n coating 100 fornmed on a substrate 102, exenplary of an
enbodi miﬂD 51 the FiGsthis linegephishawingdB3eYIRSEBEYS af two Sampieyratesiafsor med of
any material and nay be part of a structure, such as underwater structure,

that is fogof. Pro f'za E%aﬂngsqtraghoéﬂo GFErprgﬁ‘ ffie gé*ﬁﬁfﬁfﬂ%%fé'%%at. ng 100

mat eri al” may” i ncl Ss, sidicon
has a cdd6i Ag; surface 104, which has a hydrophlllc phase and a hydrophobic
phase. The two phases are forned by inter-dispersed regi ons 106 and 108.

rogi ons, U980 ct G- FacR) B 18NS S ARRAEhRTR b JraRREC =

f or med dfeatmehtatesgectvglyons, depicted in FIG 1 as regions 106, V\/m ch are
di spersed in the continuous phase. In sone enbodinents, both phases may be

f ormed ﬁg)t hgf' at ed Fié IR scﬁ%@gﬁ@@n‘é& n?ﬂﬁ&ha%g deRss Oédf%é fop Pheigtaha;;igr O§S“m9d

bel ow t sper se regli ons are dro C an or m philic
phase, a@@dgidecadimgsnuous, regi on 108 is hydrophob| c and forns the
hydr ophobi ¢ phase. In sone enbodi nents, the hydrophilicity of the

cont | nuqgesfd ol SBE8CHr NAARAIGTBY S olRHE LRSI WAARI adfihdeRtssr oI spersed

regi ons nd 10 ave 'average siz ,
absorbed mass of different protelns on sample coatings; and

[0030] FIG. 20 is a schematic diagrarh. of a micelle formed of an amphiphilic block

copolymer.

DETAILED DESCRIPTION

[0031] FIG. 1:schematically illustrates an antifouling coating 100 formed on
a substrate 102, ‘,exemplary of an embodiment of the bfesent invention.

[0032] Substrate 102 may be formed of any material and may be part of a
structure, such as underwater structure, that is to be rirotected against fouling. For

example, the substrate material may include glass, silicon, metal, or the like.

[0033] Coating 100 has a coating surface 104, f\yNhich has a hydrophilic
phase and a hydrophoblc phase. The two phases are formed by mter-dlspersed
regions 106 and 108. One of the two phases may be a continuous phase formed of
mterconnected regions, depicted in FIG. 1 as region 108, and the other phase may
be formed of isqlated regions, depicted in FIG. 1 as re'g,ions 106, which are
diépersed in the continuous phase. In so‘me' embodiments, both phases may be
formed 'of isolated regions. For convenience of description, it is assumed below

that diép‘ersed regions 106 are hydrophilic and form the hydrophilic phase, and the
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order of nano- to mcroneter. The dispersed regions 106 have an average
size from1l nanoneter to 1 mcroneter. The average inter-distance between
nei ghbor iwQ 208giveors 106 is al so from 1l nanonmeter to 1 MPCTSIGROW®IV0NSH a
speci fic enbodi nent, the average region size nmay be about 20 nm [0035]
Coating 100 may be fornmed of a conposition that includes an an‘g{:i philic
bl ock copvltipheks regien 1938 isdydraphebioand farmssthedtydpophobit phase. bxeomeary of

an enbodi nent: -~ Lavent i on...[ 0036 p r i ncl udes
= hyar opti Ppantynth o BRI e 2o YRR RS aeBenay

bl ock . ofrevepal units. The hydrophilic block has a first backbone segnent
and hydrophilic antifouling side chains bonded to the first backbone
segnent . The hydrophobi ¢ bl ock has a second backbone segnent and :
hydr ophd9084hnt i f oﬁlﬂv%@t@rdﬁp@ﬁ@%@@a%aeé and 10fhavwe aKeraggsizrsen figyrent .

The hydr I b 1t dqf QL i | ' i ' r|1)cﬂjéi | J0ormthe
hydr ophi T'i %k ng?gﬁsfolﬁgr%@gt?hgﬁﬁ%%%ﬁgg:?%élgﬁ% Ppgu | ngéds{é\ééepagrglc%b%és) in the
hydr ophdbora ‘bhacdmeterrio tihmidnyehetgrh dihiecavergge imtéO8istarioe betmeenbackbone

t h | th of .to 2Q0 t its., Th d, backb t
o o | GOORDRANG (el 2308 < lsarom | Fenomiar ! SBCRAIA0 WoasRPo s or
about 1%b6ﬂ’iﬂ¢ént9fﬂé§verﬁ§ réGBAhe rﬁéy”o'é}?aﬁd’t‘ﬁ%?fﬁﬁbone segments may be

i ndependent |y sel ect ed. e side chains of the first bl ock have an average
l ength of 5 t'o 23 nmononmer units. In some enbodinents, the side chains
wi t hi n t[0938hme coferating: 10 Mmayliafonmed pdi\eecamieosition thaiirgiudes 8037] The

r epeat. L &: Bl L e | oc e ' j ' j PDI) of 1.3 or
| ess, sﬁhb@g hg Coﬂgcﬁbéé&y%g’ %P@gis %@ﬁoﬁbﬁg?aﬁﬁh{% réyecdo'ﬁpqﬂé' fon that is
used to &mmplaheotaakemigpdihent dfthe prédntdfivéntdnor | ess. [0038] PDI is a
measure of the distribution of nolecular mass i'n a given polyner material.

0 "= BRSERL e 0 Sob et o 4rdr SR BT BB S ity bt

gi ven saiftLartd aMYSRHOIE (SBALY BBTK BRYe Rt LAY E THMHydfophilic block has a
first backbone segment and hydrophilic‘antifouling side chains bonded to the first
backbone segment. The hydrophobic block has a second backbone segment and
hydrophobic antifouling side groups bonded to the second backbone segment. The
hydrophilic antifouling side chains in the hydrophilic block form the hydrophilic
regions 106 and the hydrophobic antifouling side groups in the hydrophobic block
form the h'ydrophobiq region 108. The first backbone :segment has a length of 10 to
200 repeé’t units. The second backbone segment has a length of 10 to 200 repeat
units, such as 60 to 200 repeat units, or about 100 repeat units. The lengths of the
two backbone segments may be independéntly selected. The side chains of the
first block have an average length of 5 to 23 monomer units. In some |

- erﬁbodiments, the side chains within the same copolymer molecule may have the

same length. “

[0037] . | The repeat units in the first block have a‘:polydispersity index (PDI) of
1.3 or less, such as about 1.15. The block copolymer in the composition that is
used to form the coating also has a PDI of 1.3 or less.

.[0038] PDI is a measure of the distribution of molecular mass in a given
polymer material. PDI may be calculated as the ratio of the weight average
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determ ned by Gel - Perneati on Chromatography (GPC) al so known as Size

Excl usi on Chr omat ography (SEC). This techni que neasures both Mwv and M of
t he sanplwo 2ardveetier mi nes the ratio of MV vh from the mreasceed/ vesgsies. A
skilled person in the art will be able to readily performthese

measur ement s - f or a.ﬁi ven sanple. [0039] Antifouling materials, such as

ant i f oul MalpckitaTOvRIgNHNWFe the suber BvetpgsupslecylardvgighiciMi)ndher ef er to

nononer .o C unt e L uil ding.up of
depos 1 sSANTSRHERY s arbren babic Bl RMaL S ASboiinel BRIER shpvebhdls "3 ohi g
or a marddtermineddiyuGel-Patthesigat Exrdmatogt &ty (GPCPaoIwRNIgpPeRid s are -
referred _to as foulants, which_include cellul ar -and protei naceous

mat er i al BXxcleap (drematesppEn(SESN Thip teehyiapeiraeasires bafs Mwandulfe of

si |'i conepal ' ' I )] ' riyqni c-based
pol yrrer sty R SRtk 2. i, HOPHE HRBEGerYilhhs T AW

pol yacr ypersen jin dreladwil bsaabtdfiy iedelfly péHferm tldesmhnidasaremnentstfar agivemy al so be
protein-repelling or resistant. For exanple, hydrophilic protein-repelling
pol yrer sS¥URIE- as Dextran (pol ysaccharide), pol y(2-nethyl - 2- oxazol i ne)
(PMOXA)), zwitterionic-polyners, or the |ike, may be used to formthe side

chai ns. [‘U@ggrnt i f 0LAﬂm&Jlﬁ{gqﬂa@?@lé]%u@ﬁ%&%rﬁiﬁo@ﬁ@“@ﬁnbﬁé B%ﬂsﬁ&élyﬁrﬁﬂ! ymer

may be sel ected or formed fromthese and other Kpnown antifo yneric
mat er i al @ropipsnengide chginsu pfer {o0me0p Mieh os patymertgraupe thal, canimeubterrboore

segnent | ' . roped, of acrylate nmopnoner units,, such as
reenacr yPRvEE e 5 oL AERRstn R0 LS FRGRES' stk oSins Uidediter ay
al so be sureates[dTCAdNiplor esmBENE BHrodiur@nBaibstaheeh YitataBhd td fordd slgcrehai ns i n
the first block may 1 nclude PEG %r oups or other protein-repelling or

r esi st andeRpsig e referrashians feulants apueh inpide cellulacangd BraigiRareeUDI ock may

be a pol e C . %h h:. _as; ( l.ene gl ycol)

met hyl et%g?&%ﬁ.y?g@é{ EC ) ém(')fr%@q(ﬂ( 55 yicerﬁgfegllaiszlgﬁ@d#eﬁiy &t her

met hacr ypay@itheth@hddbikane) (PDMS), fluoropolymers, Zwitterionic-based polymers,
poly(ethylene glycol) (PEG), ponVinyl acetate (PVA), polyacrylates, and

3

oligosaccharides. The hydrophilic sidg chains may also be protein-repelling or
resistant. 'For example, hydrophilic p‘r’ote‘ih-repelling polymers such as Dextran
(polysaccharide), poly(2-methyl-2-oxazoline) (PMOXA)), zwitterionic-polymers, or
the like, may be used to form the side chains. The antifouling side chains and side
groups in the block copolymer may be selected or formed from these and other

known antifouling polymeric materials or monomer groups.

[0040] In some embodiments, the Igackbone segment in a block may be
formed of acrylate monomer units, such as methacrylate units. In other

embodiments, a vinylic backbone segmenf ‘may also be used.

[0041]‘ . In somé embodiments, the hydrophilic side chains in the first block
may include PEG groups or other proteih-répelling or resistant groups. For
example, a repeat unit in the hydrophilic block may be a poly(ethylene glycol)
acrylate (PEG'MA), such as poly(ethylené glycol) methylether acrylate (PEGMEA),
or poly(ethylene glycol) methylether methacrylate (PEGMEMA).

[0042] | The repeat units in the first block may also include, for example,
Zwitterionic polymers, such as sulfobetaine methacrylate methacrylate (SBMA) or

7



[0042] The repeat units in the first block may al so i nclude, for exanple,
ZW tterionic polyners, such as sul fobetaine nethacrylate nethacryl ate
(SBVR) orwanrbomxgbetai ne et hacryl ate (CBMA); pol ysacchaPCiss209w006058s
Dextran; poly(oxazoline), such as PMOXA; poly(vinylpyrolidon ; or peptoids
(/V—subst ituted glycines). [0043] In some embodi nents, the side groups in
t he hydr%ﬁ@EYb,etBIn@dﬂeWW'W@l( A):nelysescharides sysh @ Bexterspol yreri ¢

pory nexatiEegK O SR s R KA P B BRIGEIBEE £ ok BSpRIay (R RRe S EIER)

used to glgcimeshe second bl ock I ncl ude polyners fornmed fromfluorine
cont ai ni ng acryl ates, rhethacryl ates, or styrenes. For exanple, the

AR U LN AT T Y AT K
acryl at elpche%Jg&@%g&fg%ruﬁg%r ﬂgjg%ﬂ )gjng |§§E§Jﬂ%{lﬁﬂgét ﬁgér%g ngblgebk%lpﬁﬁy

copol yne I ment
bl ock colpelpptptépemtaﬂum'asta/rm) (6’tPFr133)rcar poll y{bexal wrkbyutyhmetiaonylakg) e. g. a

bl ddi | | h
b ot tEPBRAY T Fiuord AGpRTe At R ey S M&%ﬁﬁqﬁﬁrﬁe"gpﬂé’ SRR i o
tri - bl ockolgRiePS Yorfedfrd M f%nﬁ@dﬂohtéaﬁmg RGO f @ldﬂ@@ of shtenbs. rrFaprTer

units. e additlonal bl ocks) fferent firo he first and second

bl ocks. ¢xamBle, e burropatyorr raay get%?n idpspitafiuosopiopykmetiiachdaisol y( PEGVA)

denot oa 20 prmeieRSHBRBU inth B IRY 18y ?ﬁ%ﬁ@a“cﬂvniﬂ%%ﬁé%%pr oebss

[ 0046] |or diflapestyrene.enbodi ment, the copol yner may be pol y[ pol y(et hyl ene
gl ycol ) nethyl et her methacryl at e] ) b/ oc/ c- poI y(pent af | uor ostyrene), or

P( PEGVE PPFS:, The P 6- pent afI uor,_ styrene). An
exanpl el\@o“é‘gch a ﬂpéé’l?‘ec%@gpgﬁﬁé‘?mﬁst%ﬂ%géf SQIWVW@H(‘S%‘V have-prly tw g wher e
"X' I's aploBRs RUBRCK). In other embodiments, the block copo|ymer may have one or

more other blocks, and can be, e.g. a tri-block copolymer The. additional block
may be, e.g., an acrylate such as a methacrylate, or a PEG chain. Inone
embodiment, the copblymer is a tri-block copolymer w%th an additional PEG block
that has 2 to 16 monomer units. The additional bIock(ﬁé) may be different from the
first and sc:acond' blocks.

[0045] In one embodiment, the hydrophilic blqck may be poly(PEGMA) or
P(PEGMA) and the hydrophobic block may. be PPFS,fénd the copolymer may be
denoted as P(PEGMA)—b—PPFS. The copolymer may be formed by an ATRP

process.

[0046] - In a specific embodiment, the copolymer'j may be poly[poly(ethylene
glycol) methylether méthacrylate]—block-poly(pentaﬂuor'ostyrene), or P(PEGMEMA)-
b—F‘PF'S.- The PPFS may be poly(2,3,4,5,6-pentaﬂuor’c¥)‘styrene). An example of
such a block copolymer is the product shown in FIG. 3 where “X” is an halogen
and can be, for example, Br or Cl; “m” and “n” are integers and may be
lndependently selecte_g from the range of 10 o 200.

[0047]1 - In another embodiment, the hydrophilic block may be
pon(PEG.MEA), or P(PEGMEA), and the hydrophobic ‘block may be PHFBMA.



and can be, for exanple, Br or d; "nf and "n" are integers and may be

I ndependently selected fromthe range of 10 to 200. [0047] In anot her
enbodi menwQ 20tve9bozdr ophi | i ¢ bl ock nmay be pol y( PEGVEA), @ecTRGR&GVEMFS and
t he hydrophobi c bl ock may be PHFBMA. [ 0048] In a specific enbodi nent, the
copol ymer may be pol y[ pol y(ethyl ene glycol) nethyl et her

acryl at od8pc/ f - pdh r(pezifie, gmbdodintest ahkewsmpohmsn may biegmlypaly&gthylene

P( PEGVEA).- Jh- PHEBNA, An e f ca.b k' cqpol r is.the product
choun 1 ri¥F Methy{REeE o SRR PG 2 drh i P BP S I Mg AeS

| ndependgnpiRESMEROLEPHFBNIAL 6 ER318H1eR5f sHEhtaPbiBeR copONARr id thedpioecent
enbodi nent sd, -t(aeE?gngt hs of the PEG g}?a‘i_ns_ In the bl Eck copol yrr%r may be
di f f er eshdwioin Fi&e 4 uvisee Smé lrodrni are-a@sin integats. a3nd mayave ndeppnaetly

enbodi nent,, t | engt h of 1hal PEG chain may be from2 to 16; and the
aver age ?%ﬁ&?ﬂ%&mﬁﬁ%f%@é ‘ifiﬁ)g{og% 'ns attached to the backbone in a given
copolynmer may vary from5 to 23. [0050] The | engths of the backbone

segnent s[opad]t he sildeiiffdrahtémbodintentd) thekesgpslof tivs PEE) chaine imthreoblbek t o
have relatively small variation gver different gogﬁgr@r | ecul es, so that
sur f ace a@RPIWAST @y heidifferar fiomm e BEMBEES Bhewnin . é’ﬁg%palf‘t% ns of

regi ons - . 1 ' : : and its
comonen&%gﬁ%ﬁé%%og[rﬂ%@élhaén% n?ﬂ“déf% al ﬁ@?‘ ﬁr’r‘gg ;@gﬂf@rﬁé@ﬁgmﬁ% Eq ?118 radi cal
pol ymer i Zad tlenayér@Be leddii o2 thd PEG gideadtiaiad aftathatetoi tha biackborz g glves ar e
generally known in the ﬁ_rt, %ﬁr’]r% i nvol ve the use of free radical chemstry
in livi n‘éoﬁfgyr)‘?'ﬁ’émaﬂa‘ﬁ% OMEBASS: 1 i vi ng radi cal pol ymeri zation techni ques

i nclude atom transfer radical polynerization (ATRP), reversible

addi ti Onro‘dﬁment at T epBtig bittha bEcRboRAEJheR ] At tHez Sitle @hainsaA tiesol ecul ar
design via the-interchange of xanthat bBs (MAD X) pol ynerization, nitroxide

medi at edbloglicoaplyprynay be sontialledidRgve kelativalybmallniesiation gvendifeentat ed
| aLIoat ) : } . = dar et
Pow s ORIt HiTbusd) il SHast 108 nil difadiedharla- crfittdy Uocer sl ane

descri begtructures and patterns of regions 106 and 108.

[0051] In.this regard, the block copolymer, and its component polymeric

blocks-and side chains, may be formed by living radical polymerization (LRP).

[0052] Living‘ radical polymerizationjtechniqueé:‘are generally known in the
art, and involve the use of free radical chemistry in Ii\‘/i\hjg polymerization. Common
living radical polymerization techniques include atom transfer radical polymerization
(ATRP), reversible addition—fragmentétidn chain transfér (RAFT) polymerization,
macromolecular design via the interchange of xanthates (MADIX) polymerization,
nitroxide mediated radical polymerization (NMRP), and’ stable free radical mediated

" polymerization (SFRP). A skilled person in the art will;;readily understand how
these techniques can be applied to form specific polymers or popolymers described
herein, based on the guidance provided herein. The f:ollowing references provide |
additional general guidance on these technidues: (1) C J. Hawker et al., Chemical
Reviews, 2001, vol. 101, p. 3661; (2) K. Matyjaszewski, et al., Chemical Reviews,
2001, vol. 101, p. 2921; (3) J. Chiefari et al., Macromolecules, 1998, vol. 31, p.
5559; (4) D. Charmot et al., Macrdmoledqlar Symposié, 2000, vol. 150, pp. 23-32;
(5) W. A.-Braunecker et al., Prog. _Po/yhfl. Sbi., 2007, vol. 32, pp. 93—546; (6) M.
Ouchi et al., Chemical Reviews, 2009, vol. 109, pp. 4963-5050; (7) S. Yamago,
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herei n, based on the guidance provided herein. The follow ng references
provi de additional general guidance on these techniques: ( 1) C J. Hawker
et al., GvermpwoaldsRevi ews, 2001 , vol. 101, p. 3661 ; (2pCKSGhimywp@szewskL
et al., Chem-.cal Reviews, 2001 , voI 101 [p. 2921 ; (3) J. Chiefari et

al ., Macronol ecul es, 1998, vol . . -5559; é4 D. Charnot et al.,

Macr onol@eemigal Bewiens, 30090050, 1%Ipp @(51 -5068; $8). @oMogg)etwal., AusBaliamecker et

Cheni cal oSl Rheisey S, vibs2. Bf: 1862437520 G Wbad e B ke infor
Revi ews,Ci2dal Rekbearth92009.. vcﬂiQﬁll aa 33(131)426(10\XUBG( Eﬂﬁa@d\ et aAUKbﬂS@I;SI’ﬁn
Journal of Chem str 2009, vo -1472; )i G Moad et al .

Account SOUREEH 29 7%&4@@ 32@03342 i, 11 @ Maad @1@.34‘\1@#@/’8«' doyrmal .
Y. d 07 11) G
I\/gggl1 2t %glcgjlewglg?ra |ai ?our’#gsgy? %@erﬁ%l rn%ﬁr%&g&) (?&?%lﬁﬁag?g 4)10

Pol yner coatvenicatly hpweleOBd:’IDyl.bRRtl@Smt(ﬁm@m)l y have a low PDI, i.e., close
to one ( 1) . [0053] The structures and sizes of regi ons 106 and their

i nter-regipg di st b trolled b te |ength
of the BHR8ELNG" s od BEtRlngS ahd ot o fieoins Tl B B BBkBRan Cror
exanpl e distBREESRiaYDhd B&wtkﬁi&tﬁxﬁsa&cﬁﬂ@aﬁy@bﬂa’f& llehgﬂgfg%ﬁ%%cﬁs&ﬁ@m and the

si de chains can increase the sizes of” regions 10 I ncreasi ng the
| engt h Slegments pod sidobihangd it itisdpleck egpelymetafor examate lm¢rea8|ngéher egi on’

atteor tRRnEi hERoBREC SRS hE RGBT Bhe T Sk B i Tl P e e
| engt h alzezastrelopeki 067 ahb&né]’eesllngqaé%r}g’mrof@l@é'h?@ro@ﬁﬁblbcﬁdoﬁdodérl ng the
formation Bgﬁcess by adjusting the ratio of nonomer to initiator for each

bl ock, GEIRENE&APiNEeast jhe ntortadinn ﬂ@wqe@rbettWﬁenr@@loeaaHGp&hamQSdn .
conpone &) t NOmners.
For exa?r%?g’% i he '8‘89@%@2@%‘? %ﬁ%@g’&ﬁ mﬁ%ﬂé agﬁﬂﬁ d%@ﬁ% ﬁ"fajthsggl ected-
ti me by oeatingi ng the reaction mxture to air or changing the environnental
conditions (such as tenperature). The side chain | ength can be controlled

by usl ”Qoﬂbif erent T%T&H&hsof each block in the block copolymer can be controlled
ddring‘thé formation process by adjusting the ratio of monomer to initiator for each
block, or by varying polymerization reaction ﬁme for each polymeric component
(block) (thus controlling the percentage of converted ménomers. For example, the
polymerization reaction may be terminated at a select{ad time by exposing the
reaction mixture to air or changing the e'nvirdnmental cénditions (such as
temperature). The side chain length can be controlled ‘by using different monomers
with different side chain length. | |

[0055] When the backbone lengths and the side chain lengths in the block
copolyrher are limited to within relatively narrow ranges and the block copolymer is
produééd by living radical polymerizaﬁon with a PDI clbse to 1, the copolymer can
have well-defi ned brush-like polymeric structures. As used herein, a brush-like
structure refers to a copolymer structure that has a fi rst block with long side chains
attached to a first backbone segment and a second block with a second backbone
segment but without long side chains, wherein the long side chains have chain
lengths within é relatively narrow range and are distributed along the first backbone
segment, thus resembling the bristles on a typical brush. In a brush-like polymer,

‘40



with different side chain | ength. [0055] Wen the backbone | engths and the
side chain lengths in the block copolyner are limted to within relatively
narr ow r anges10z602the bl ock copol ynmer is produced by | i PCm$Geuiooess

pol ynerization with a PDI close to 1, the copol yner can have wel | -defi ned,
brush-1i ke polymeric structures. As used herein, a brush-like structure
refers tthedorwppideyshainsareutypically aradensaly dls‘tmbuied tallmtm hackbong. $ade

h ttached t f t b d bl ock th

Second REBIRCeaTy ARk rofsmur?ucmﬁﬁeﬁr%‘éﬂg‘kmﬁw% BRSNS e A ong si de
h ﬁ{bab oo

gl 2{ p?bnta}ég Wa]bﬁ% %I rst éb mgpésggdrrr\evﬁpy thu?@e%@%gﬁﬁdnﬁﬂ?i stles

on a typiheshs bfalsdeil deﬁnedb:ruslh—hke biogiaiopelimernaay baye shelsameadrnsthar e
typically are densely distributed al ong the backbone. For exanple, each

oot o Io88e] gechawsdie bR ey B o Bih@Rot oG SRk odulilg o o
chai ns i 0@ sl iRk PDI BF 480! leks. mhMavmmemWrdmmgﬂmtﬂwe

| ength. [0056] Thus, the bl ock copol in_the conposition us o form

coating Ep@at boits th thehydsopmic block i@ é?’elae%@| ofrhBLorass: FHCH &S by

requirin hat u I df
s
copol ymE’(hetr@ Bavenits SiRhedfydiophabic blesk to alsb hine a EiMalf Wudhdt kssf t he

hydr ophobi c gl ock to al so have a PDI of 1.3 or less. [0057] Coating 100 may

b | f to the.f f
onbodi moMORA 1 ne reain 10 et ponveie DEnad sERORER 1o P EReRg, %o, "
di ssol Veg dddsd s I'aﬂﬂoféfnleﬁ%ﬂ%)"d|rﬁénﬁéﬁhé@ré@érﬂ“m?@ﬂ@ﬂpq?detlﬂdcl@n t he

surface I's to be coated, such as the top surface of substrate 100. For
this purp@}mﬂym'ehcs disperset] arrdissodvasbina palutieny Aleyanoidhgaeluiosdsvent or

t Syi t I t T
T oxdheSSleR B BROH R I TR Rl i 85 R BB et
deposi t edogs F@@tmgbu%béealﬂh@séleéhﬁhqm sofutioh rasy bpiam mgamd@lve;htp)rcoat i ng,

drop-deposition, or the |ike. [0058] Conveniently, the block cogol ynmers can
sel f - assw@igry %mtahmg@gagup solvents may include tetrahydrofuran (THF), 1,4-diox

chloroform, trifluorotoluene, or the liks. The solution may be deposited using any

suitable technique, such as spin coating, dip-coating, d‘fop-deposition, or the like.

t0058] B Conveniently, the block copolymers cant\self—assembiy and undergo
phase 'éeparation on the surface under suitable conditigns. The solution may be

" heated to a suitable temperature, such as above 100 G, to facilitate phase
separation in the solution. After the copblymer has phase separated to form
separate hydro;philic and hydrophobic phases, the remaining solvent may be

removed, such as by evaporation.

[0059] For instance, the solvent méy be evaporéted and the deposited layer
may be sdbject to heat treatment by solvent annealing or annealing above the
glass transition temperatures (Tg) of both the first and second blocks. For example,
the layer may be heated to a temperature a,bove‘ about 100 °C when the block
copolymer contains PPFS as the second block. Such treatments can lead to
thermodynamically stable phase separation of the hydrophilic and hydrophobic
phases. In this regard, the solvenf may-be selected with a view that it would

provide favorable thermodynamics for both hydrophilic and hydrophobic blocks in
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phase separation on the surface under suitable conditions. The sol ution may
be heated to a suitable tenperature, such as above 100 C, to facilitate
phase sepaioabioaeiza t he sol ution. After the copol ynmer hasTsicasw/os@ssr at ed
to form separate hydrophilic and hydrophobi ¢ phases, the remaining sol vent
may be renoved,. such_as by evaporation. 0059] For instance, the sol vent
my be eligroPalyEreraftoerenleokethdtEG umg»p@é!rr@umaacbemssnwd inramat ment

by sol Ve ARNEN i Bh ACAFEL AGARAY S RBoB 3Tl i80S Pl P at ur es

(T ) of I'rst and seécon or 'exanpl e may be
heated to a tenperature above about 100 OC when the bl ock copol ymer
cont ai ns[0PBEP as tﬁneasmt@mih inl \wiaich tise1 sblvene@uchrassvaten) fagerd drie bloekm

d |y, st t f the hydrophi | d hydr ophobi
Y o lstn aedhe Byl Itqs;@gaé‘%ra@\'éé)n” aihe bad U@ e mydrathons nat |t

| d dr ophobi
LT G U ARTRAY B S el A ANAL S Y D1

di ssol vesblutiorarknowmgpaas mrmillesent such as THF, 1, 4-di oxane, chl oroform
trifluorotoluene, or the Iike [0060] In a solution in which the sol vent

(such as r) fa U S Pne such a hydr gphi I| . bl ock) qver the
ot her B)?‘%tlﬁsuch r{VﬁQ'W r8 fib ‘Eﬁ"&()\ﬁl(? esqlﬁérﬂ riestr QIM}' %ﬁ? al so
sel f -as swadeernéa Aang!pertieais bﬂhe@r-drgpéraed mbradrmra; arRYiophobiccel | es.

[0061] Conveniently, after renoval of the Solvent, the resulting coating

has wel Iafdﬁ@ﬁlﬂ’@d’e@mpatterns of inter-dispersed hydrophilic and
hydr ophobi ¢ anti foul i ng regions. [0062] The bl ock copol yner may be attached

to SUbSt{ g]surfaqe] k'%'@&lg r?ﬁay Qﬁ_%ﬂbeﬁ%@ﬁé\ﬁﬁﬁaﬁ‘eéﬂﬁg%% éﬁri al

and a su e group In e su surface may treated
bef ore crdmmrngl bmqnmg)beﬁmeemarwrﬁang matefrabmdmlserﬁablesgrbop in ties pur pose. For

exanpl e, rate surface_may be treate rovj.de am no (NH2) groups
attachedCQQ??WH%r St he spbstratg MR C@debemeéjhsf)%gﬁeﬁmro PrMdRies a PPFS

bl ock, t AecHeRiPg!stMRkeMdlecules for this purpose. For example, the substrate surface
may be treated to provide amino (NHy) groups attached to the surface
Convenlently, when the copolymer includes a PPFS block, the copolymer may
bond with rhe surface through nucleophilic substitution reaction between para-F
atoms in pentafluorosteyrene and the amino. groups that have been attached to the

surface.

[0063] ‘- When an organic solvent is used, the cdating may have discrete and
dispersed hydrophilie regions and a continuous hydrophobic region, as in coating
100 shown in FIG. 1.,

[0064] It is also possible to form a coating with‘discrete and dispersed
hydrophobic regions and a continuous hyd_rephilic regiven. To form such a coating,
the above process may be modified by using a polar solvent. For example, an
aqueous solution may be used to form the initial Iayer on the surface. In this case,
the hydrophobrc blocks will form the drspersed phase and the hydrophilic blocks will

form the continuous phase.

[0065] - Regardless, the different regions (domains) on the coating surface
may have characteristic sizes on the ordér 6f nanometer to micrometer. In one

embodiment, the domain sizes may be about 20 nm. Domain sizes refer to the
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bond with the surface through nucl eophilic substitution reaction between
para-F atons in pentafl uorosteyrene and the am no groups that have been

att ached wo 2tve9sazaf ace. [ 0063] When an organi ¢ sol vent PCI/SGe®/00405&
coating may have discrete and di spersed hydrophilic regions and a

conti nuous hydrophobic region, as in coating 100 shown in FIG 1. [0064] It
i s al so pYyeDpIdiameteryphing swatamtipllyidneutsr disceete damrias sywhichatehfodr ophobi ¢

v or Sudes AL BRIV GRS I FubREER N gBel e 08 of 1

aqueous adoutdiwof thrycdrtinused phaskanay bBeonsiderat as dyeaveragbhstapeé ace. In
this case, the hydrophobic blocks will formthe di S‘Fersed phase and the

hydr ophi Petwashgdeseshadiacest Apmainsotine disnistepnase. Thwdemamegizeaicasde t.he

di ff | ons. i : _ ot

o bes oneSElRIA D R Ro o FeperabIg SeclB BBt e ' °

domai n sFaes MizyosuepgiAFM)2 Optical Miorescopyi ard TrahsmissiontFlestrenage di anet er s
i i ns, ;which are, for exanple,

of the spupstanti circylar djscrete do
fornmed ofdPSETH Eé\%mgyéﬁeoql%e @a@?ﬁ?ﬁ@'“ieﬁﬁﬁdrﬁ’f@f6§tz@|§i dnioRgge. The size of

a_domai neibolfiferftoftil dbifkh G565 ek fRaSARY 9&5&%@@ sbBforPuRAIRgs. di st ance

bet ween cl osest adj acent donmaln I screte I'n sizes
can be [0066] . The resulting coating may have a well-defined
nanost r u . [ 00d e resuliingrenatiagioay heve arweladefinacbnanasituetareof f or ni ng

t he bl ock copol ynmer described herein. In this nethod, precursor polyners
for respW’ e ‘hydr I fmg'- i t obt ai ned
or prepared, “and .t ﬁégﬁmcHoéﬁg yner"?‘%g([jpefq%%?égﬁ*@%%@o@%ﬁ?ﬁ@gqbg tﬁ% ng radi cal
pol yLrer i aaﬂ?lymer des:ctri@lm HerBi. oin tRixF ethTmll, lpeédwsorthy:}n@rs folneemddig'es persity
in the resulting cqpo r, .precursor polymers wt ow PDI nmay be
sel ect edV SP;"@géﬁaﬁUﬁ}g&?ﬂtﬁgm@gﬁ P seRBEAteHM PhERigad gr prapased.jand #ien ess,
such as ghQiimérized toHofmithe WY f ; kviag radical
pol yneri zat i %n to eot ter cocﬁgﬁﬁmﬁﬁgmﬁé ré@%al%lynﬂéﬁ?éhow slbi &

ATRP or RAFT. To better control the polydispersity in the resulting copolymer,

precursor polymers with low PDI may bé selected. For example, a precursor

polymer may have a PDI of 1.3 or less, such as about ﬁ.15. The precursor

polymers may be formed by living radical polymerization to better control their

polydispersity and other properties.

[0068] " Inan exemplary embodiment, the component polymeric blocks and
side chains in the block copolymer m'ay:'all.be formed by living radical
poiymerization to better control the polydispersity of the resulting products and the
un_iformity of the side chain lengths and backbone lengths. Conveniently, an
antifouling coating formed with such copélymers can have well-defined inter-

disper'sed‘ hydrophilic and hydrophobic regions on the coating surface.

[0069] = Exemplary embodiments of the presentij’nvention also relate to
compositions that include a block copolymer described'f herein.

[0070] . - | Exemplary embodiments of the presentv i'nvvention also relate to
methods for forming the copolymers disclosed herein. ‘In an exemplary process, a-
first precursor for the hydrophilic block and a second precursor for the hydrophobic

block are obtained and copolymerized by living radical polymerization to form the

i
'
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pol ydi spersity and other properties. [0068] In an exenplary enbodi nent, the
conponent polyneric bl ocks and side chains in the block copolyner rriay

al | . be fowoadidpet2dvi ng radi cal pol ynerization to bettePCt®oRo@00t05e

pol ydi spersity of the resulting products and the uniformty of the side
chai n | engt hs and backbone | engths. Conveniently, an antifouling coating

f or med viblobk sopdlyo@no Mediving mdidal pelynedrizationinm@dbe eiandiaséergedical

hydr ophi | i d_hydr ophabi i h 0069 |
Brenpl arBPimBEaRiRn S UGR i e pieatac enraier onoi Gy & AFEMEb e hhosi ¢ i ons
that i nciig@rst pheAFSocRP Me ATdropafic dIG@dmBe R sbledted i@ haks Il 6iry3 or

enbodi ments of the present invention also relate to nmethods for formng the
copol yneless dicsthad ferirdseltirioncopatymear witkhavieaa PR 0dd ek ar legss iTosthipera.thgor f or

obt ai nedtanar st iy B et By BFing BEKAE BB G R 200 oh o form

t hebl ock copol ynmer. The living radical polynerization my be atomtransfer

radi cal [ponMreri zatThexdmplary sphtbesiddirocessckraagiamhertillostratbaimtie ansf er
pol ymeri zation. The first precursor for-the hydr thi I icf bl RCK ma b%

sel ect edEX@MRlRFe AbranPeprpregiaiass ihe speqilipracgeuressag sYy Eﬁ'ﬁdp%?ér O | |
have a PDl.: i ' i 5 iBe r med
by livi ngg}\,a%ll %O I%Fiﬁn‘% idzlf:'g |%%%F§%€9f§#ﬁoeé de‘&éh%%xr%ﬁéﬁgj ﬁgg?{%lﬁgrd:)ngesses
are furttherpartitulat palyasriccdangoriemspied. Hasvevan, @ petgoprskilleat indhe tamewill

speci fic, procedures..apd synthesis route or .a gikven copol yner i ffer
fromt hogg ag&sf@rmﬁaﬁy B}? ?@“&MF@%S%EBE%RM@Q %Hylghvgnp‘g&q(ﬂ\(m?'égg%%fyner iC
conponengs 1 §didaHeRpYSVided tgbgon skilled in the art will be able to '
nodi fy the exanple processes for form ng any given copol yner based on the

gui dance_provi ded therein, [0072] The coating conveniently has antifouling

properti B9723d can, Theeoatingherreninilydiasadiipdingaeiopesiastanchean. iof 0073]
Conveni eg%ér?(lgl&{j?fsﬁéggéqu?ae@é%{ea%%“érﬁenﬁterogeneous and is expected to be

useful f various biomaterials and for enhancing

[0073] ' , | Conveniently, the coating surface is hetérogenedus and is expected
to be useful for reducing settlement of vérious biomaterials and for enhancing |
release of fouling organisms. As the amphphilic block copolymer can self-
asserﬁblé,z it provides a versatile bottom up approach to form non-biofouling
heterogenéous surfaces. The block copolymers desicril!lc)ed herein, and
compositions and coatings formed from such copolymers may thus have

application in various fields including marine- or bio—aﬁiifouling.

[0074] For example, fluoropolymer and PEG components are expected to
be effective in reducing settlement and increasing rele‘ése of marine algae, such as
Ulva, or Navicula. Without being limited to any particular theory, it is expected that
the coating surfaces formed of such copélymers are energetically unfavorable for
protein and glycoprotein adsorption, thus weakening th;e adhesive strength of an
entire foreigh organism to the coated surface. For exémple, PPFS segments can
provide-éharacteristics such as low surface energy, high chemical and thermal
resistance, and distinctive self-ass,emb]y behavior. P(PEGMA) segments can
potentially introduce other desirable properties to the ¢0polymers such as water

solubility,' low toxicity, high biocompatibility and fouling resistance to proteins.
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rel ease of fouling organisns. As the anmphphilic block copol yner can

sel fassenble, it provides a versatile bottom up approach to form

non- bi of owbi2nm/i9602het er ogeneous surfaces. The bl ock copecyrsereiome®ssi bed
herein, and conpositions and coatings formed from such copol ynmers may t hus
have application in various fields including marine- or bio-antifouling.
[0074] HBP78kanpl e EXEMRiAYfsIpphemersn gompositionpotikheeatinas dsgsebeddereinbe

effecti AN ' | Jracteh d as| : ; I | al gae,
Cuen " nifay Be' REHSKAGR DTS B0 Mo HShuBRRS BT 2B b ERI Ry o BbR Phcory,
it is exmiroathentditeridip antidbulng coutingee STHeosartidgeimaypbd apphied yorer s ar e
energetically unfavorable for protein and gl ycoprotein ads,orﬁ;t/i on, thus

weakeni rideRwatelpisiclees sHeh gsishit hdlks. e e Featingssngl conYamesHy hgvehe coat ed
f r | . : ; Je : 0 bS5 h |
surtace,; ?6veea(l"f\‘ﬁlﬁrlé1%, gﬁ{cﬁﬁg%‘%@gﬁg}em%sf}%Erll%gml%lrﬁéﬁ{ﬁ?%aﬁ%iazflllﬁstgfaéUC as 1ow

surface energy, resi stance, nctive
sel f - assomparetdd o coRrgsEdiied of other antifuulipgtpohtmers! suchras oduce ot her

desirabl e, properties to, the co nmers, sych as water solubiljty, | ow

o R yPONRER RS eas Sl et e g ieTopapetss med St bikisaniS T 0075,
Exenpl aryateegROMBS f\s conipaasi tb icathgsdtvthediad bl PRIS pd?ﬁn@i‘ bbgdutrepslymeray be.
useq In magin anél‘-foul [ ng ?j?g'lﬁl I((:at I (?ns, ucﬂ?% or form ng N n-‘to?<| c,
envi roané’ﬁ['r-‘q AR Pl ARANPIIPYI G< ERAY Ty Les SR RySoreNF @88l i ed to
under wattes laster tt bes efedive Bo@iRstshividedriesy of Th@lamo aduch @S vEBYuCSIavE g, | Y

have i nmproved lifetine, nechanical operties, or chem cal/mechani cal
st abi | i ﬂp,'m%lg, hagtRs Ry g&dr?ggg@ﬁxgscqﬁtgﬁq&g forned of other antifouling

pol ymers such as.pol ydi net hyl si | oxane el astoners, PEG existing
f1 uoropdDOWe} s, andt ip@xpectedahat exegaplacy smbbdm&mOdbihe B ckanpalydderso

coatings, forped,k of .a PEG pol r.or a fluoropolyner, a coating forned of an
anphi phiqqsé’”ggg@ﬁr%ﬁp?&r’%é?s delciorpean Adcieny i aptietlip|dating. t he
vart us PR ToBEA LRGSR, MR Bl Lol lam T, 28
[ 0076] laoating @apdveda Mfd@medﬁtm@rerﬂuﬂoﬁ hosn o ledul arhweighb distritmdiohy iter s
is easier to control the bulk properties of the_materials used to form the coating,
which may include mechanical strength, morphology, surface energy, or the like.
The structures of the block copolymers are such that non-specific adsorption of
various biomacromolecular adhesives can be reduced: or minimized on a micro- or
nano-spaie. ‘The block copolymer may be effective against many
biomacromolecular adhesives released by various mari}ne organisms, such as
protein, glycoprotein, lipopolysaccharide, or the like. The coating formed from the
block copolymers may also facilitate the release of any marine organism attached
to the coating, as, for example, the fluoropolymer segménts have low surface
energy and consequently it requires less efergy to remove any attached fouling '
organisms from the coated surface.

[0077] When the amphiphilic block copolymers provide nano-scale
patterned antifouling structures, which may be bl_'ush-li/ke, it is expected that
antifouling efficiency against certain foulants can be increased as compared to
antifouling materials that have larger structures such as micro-scale structures

which are linear or branched. For example, it is expected that many marine foulants
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descri bed herein can be used to forman efficient, non-toxic, antifouling
coating, without relying on biocide release. As the bl ock copol yners used
to form twe 20meas02g can have a wel | -defined structure amdTaGomonmisgcul ar
wei ght distribution, it is easier to control the bulk properties of the
materials used to formthe coating, which may include nechanical strength,
nor phol & less likglutesalieany grov ort Asutfaee formes Ry thecampbiphiic hieek bl ock

copoly v ) - ifi G ption of various

bi onac?gdr(r)@f)g;crﬁ?éwgbhg@é\%g%c rﬁﬁ@gnr}ggf %g'ggé or mnimzed on a mcro- or
nano-scai e. The bl ock copol ymer may be effective agai nst many

bi omacr qoorekul ar &dhes theeblocklcopsigehdpys formiedusittmarivirgy @dgsahi sns, such as
protein, glycoprotein, |ipopol ysaccharilgg or . the like. The coating forned
fromt hePOgY%@R UPOPRAGERS, SHEN 38 ABRPr RAET: it is srnvenienide centrakiferar i ne
organis t - LOG. , : )b%‘&ﬂll : | ymer
segnent S”Qtﬁfgg}g’%%%&vdsﬁr@;@g ne¢'§€°2ﬁ% rg%glilgguent ‘3 i@%ééhﬁ?éégngess ener gy
t o r enovesullipg arodietteday bavé agval-defineshisrushdiketsirichuoratad slovwace. [ 0077]

When t he hi phi.l'ic, bl ock copol ynmers provi nano- scal e patterned
ant1 1 oulIGISRaraty tidsk. At CHRTCBLStalkigHe 7 o8 Produt Sap s oy
ant i f ouldongroféd) tﬁ'e%&iuél%%@ﬁ?rné’c@ﬁél%r@p&ﬂl@s@ddﬁ é@ﬁe@ﬁahiﬂél@ﬂe‘%@@n as
conpared to antifouling materials that have larger structures such as

ni cr o- scalf@cstanesgyrasl morgolagycan atserbecomvenentydcortimlledxanpl e, it is
expected that many marine foul antsare.less likely to settle and grow on a

e BBIOES % R B OB BB

| i ving rredistalt opokyetting seymentPpcarchs sirradigel idsha\isiSt efficteit manirer] A
conveni ent’ t§ control the structures and certain properties of the
Uil

resul ti Y@ Struckse caRaarprige oplimal saiipes AR HERARIE RS fasdting .
wel | - deférﬂ%ﬂcgﬂmquﬁlﬁg b"‘él"fa'\'ﬁogure and a | ow pol ydi spersity index. As the
‘ he pro

chem cal structure o uct can be conveniently controlled, the

product’'s bulk material properties such as mechani cal strength, surface
ener gy, [8880hor pholTbegys esgnargies bebneen défarent iodividuall bledks in the

copolymer can be quite Iargé. When the copolymer is used to form antifouling
coatings, a IargAe surface energy difference between different blocks can lead to
self-assembled micro/nano phase separated surface structures with well-defined
hydrobhobic and hydrophilic domains. These nano-patterns can create high
potential energy topography unfavorable for biomacrorholecule settlement by
disruption of the protein-surface interactions occurring“‘dn nanoscale dimension. It is
expected t’hat such patterned surfaces cén rhinimize n:bn-speciﬂc adsorption of
biomacromolecules, including proteins, glycoproteins and lipopolysaccharides.
These biomacromolecular adhesives (protein/glycoprotein/lipopolysaccharide) may

have affinities for either hydrophobic or hydrophilic surfaces.

[0081] ‘ o The use of fluorinated blopks allows optf'fnization of the surface free
energy, such as to the range of 35 to 40 mJ/m? (corresponding to water contact
angles of about 60 to about 80°), and reduction of work of adhesion between the
surface and the marine organism (Wagnesion 0. SUrface energy), thereby facilitating
the release of attached marine organisms under a minimal force such the shear
force generated by the movement of a ship in water at the speed of about 30 to 40

knots. Thus, these copolymers can potentiélly be used as (a) environmentally
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[0079] In exenplary enbodi ments of the bl ock copol yner, the
proteinresistant or repelling segnents can be arranged in the nost

ef fi ci entwoaenremeo2h brush-1ike structure can provi de opPCcEsiG2ewh@se ar ea
exposure, thus resulting enhanced antifouling behavior. [0080] The surface
energi es between different individual blocks in the copolyner can be quite
| ar ge. Vidiendiyhsoadpdtynaing sniimdingsokitings.dh pRtbiofaglinmauifaess foather ge

ol 1 - acsTHAERGh bl RS RS dELPATERRL PR 16 obERtb heppen s
vel | - def smeqhshiedivapirbiceitappidanchd. INdhaseopicaicellés sempaBigRAbses can

create high potenti al ener%y t opogr aphy ‘unfavorabl e for bi omacro nol ecul e
set t | emelliPckgodiobymets eauldbetusedmsies brectisersde shellwrasslinkad/ceteur ri ng on
nanoscal ' S |t | £ hat pat.t u n

i 2coRanTi g topi s A0 Bnstd Y Kpeh FaaRter iR BET0RTC i ns,
gl ycopr otnedifieraimdthlel quapadticsiad astey odel nahbasactoreiressleotieesallattsadhesi ves
(protein/glycoprotein/lipopol ysaccharide) nmay have affinities for either

hydr ophopyj r hydrophilic surfaces. 81] The use of fluprjnated bl ocks
a?ll owg oﬁ)tq%ﬁﬁ) z'at%/orﬁo’&‘m?'ﬁg’ glﬁlﬁ)p&g@er}tgsggg%ér@&?pt;g\ygﬂtl%a[%%) "range of 35
to 40 mlﬂlﬂ@trét%@rWiﬁﬁﬁ%ll@Qin?%%ﬁﬁés,%ﬁﬁ%rre%thﬁénd)é(} P9 limfifhgt © about

f work of a

80), and reduction esi on between the surface and the narine
or gani sm (Wadhesi on surface energy), thereby facilitating the rel ease of
at t ached[ I ne or ;M. EShder a m ninal force such the shear force
generated by the nmovenent of a ship in water at the speed of about 30 to 40
knots. T, t hese : ' ' ‘ : :

841 . §t§ﬁ9{gyrlﬁ§fe?{a?é"‘ﬂ1eﬂ%ﬁ5'& ‘rﬂhléet%ﬁ@ ds ARré ?Ii)tamed )

environ | yf.rien non-toxi c narrne antl-foul'l hg coatl ngs,

anti - bi ofolloWs ngnless btersisenspddifiedrodliefrioagtpody( etiyldneoglggold adithi Mipl=ams®, (c)
patterned thin fil for Rhiosensing, as |1 as encapsul atiogn and rel ease
appl i cat Q/HE“FQ _(rq(%rﬁ%gs&aﬁ([\/l%géﬁpjler@@gﬂw%@@egmya& é@'k:"c"@-op&%% coul d
be used BRnididoitgFH brthiRie! @884)€hbh 98 kAfRISPEHORR ) il\PKI?\?j N,-

nan. oparti cl esO%r?ﬁ)gr ug gl(i@vz(py; ?ﬁreemltﬂ [sulﬁﬁnost éﬁqgi@i@r’s;’ 1 c’fv’rheol ogy
modi fi er pemtamerhleyldi@ﬂmmeirianﬂm;(I?MDErTP()dQQ%')nand a4 & &-pentafluerastyriene
AL 5(99%) were obtained from Aldrich™, 2,3,4,5,6-Pentaﬂ’dorostyrene was used after
passing through alumina column to remove stabilizer therein. Triethylamine (99.7%)
was obtained from Fisher™, and dried over molecular sieves before use. 2,2-
bipyridine' (99+ %) was obtained from Strem Chemicals™. CuCl, and CuCl; (99%)

was obtained from Alfa Aesar™.

[0085] The starting materials were used as recéived, unless otherwise
specified.
[0086] | Proteins (BSA, M, =66 000 Da; LPSE, M,=10000 Da; and CFL, M,

=60000 Da) were purchased from Aldrich.
[o087] '"H NMR spectra were recorded on a Bfruker 400 MHz spectrometer.

[0088] GPC analyses were carried out in.THF' at 35 °C with a flow rate of 1
mL/min using a Waters 2690 system fitted with an evaporative light scattering
detector (Waters 2420). A series of three phenomenox linear 5 um Styragel
columns (500, 10%, and 10°® A) were used fi)r the separations. The GPC was
calibrated against polystyrene standards.
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[ 0082] Exenpl ary enbodi nents of the present invention are further
illustrated with the foll ow ng exanples, which are not intended to be
limting.wpQOBAW6EXAMPLES [ 0084] Starting nmaterials nmenecorsedoionotligse
exanpl es were obtained as follows, unless otherw se specified. Methoxy

pol y(et hny‘/’bene glycal) with Mh = 750 g/ ol (referred to as MPEG/50 herein),
MPEG neti988RY | at e (TvAesMiBS®rYEleoiryn nicroscepn( FMiiages wembiaitaBy |

anhydrous_.t i f r 999 | : - ' etriam ne
( F>|\/DETA)Lﬁ 'é@(%%é@ﬁgt‘ §b 3%51"%5‘%315% ﬁ{%ﬁ@%&%@@%ﬁﬁ%@é%@@%kg%(llgfﬁlg from
Al dri ch(¥dilagefR00 1B/ .6FRETEM sataprRstwéenaepaedusedipatdaingraeaibaa t hr ough
alum na colum to renove stabilizer therein. Triethylamne (99.7% was

obt ai nedcqateshcrpregrid with the desnactive 5eBtioRol ecul ar si eves before use. 2, 2-
bi pyri dine (99+ % was obtained from Strem Chem cal s(tm. CuCl, and CuCl 2

(99% vefooppy 2 ned Fitiai8sebidy MRSl fdnilnis bAOETeTlipoit 6 BlingbmR! orfal s wer e

used as received, ess otherw se specifie oteins (BSA, M =66
000 Da; lurtRescenteGpeciameterd PERkin-Elme000 Da) were purchased from
Al drich. [0087] 1H NWR spectra were recorded on a Bruker 400 Mz

t .[0088] .G I 3 ' ut in. THE at 35 OC with
Fow r at@UB1 1" e Ararkayen HaRaPE 5868eL4 Soshl eI ae53He i BFapor at  ve
l'ight  scaterirtiRgligittsRattering YBLST hedddmeisIasings PértitANesolBRSRP RBAX
l'inear 5 mm Styra?gilgtcol ums (500, 104, and 106 A) were ‘used for the

separ at i lighy of Wievelgrgting32 SanmbrieBL Ggaeasiirepsinis were madst Witk rels . [ 0089]
Transm ss4 on !c%?ﬁeiq‘ff&n%ﬁ&t?&?%s&%%"@t a g&?ﬁ%ﬁéﬁ{aeﬁ% v Q@ﬁ%ﬁ{uﬁﬂ%nﬁis%m-

2100 transm ssion electron m croscope  op at - an ac on vol t age
of 200 kstatet)avittEVnsadmlasnueber of 2p6rchantdis disihoca B110000A Tadgiksin coat ed

copper grid with the respective solution. [0090] Fluorescence neasurenents
were car?{QEOBEIRIYN a LS50B ‘

[0092]' : Example I. Synthesis of Sample |, P(PEéMEMA)—b—PPFS

[0093] Sample | was prepared according to the‘fsynthesis route illustrated in

FIG. 3, and as further described next.

[0094] 4» An ATRP initiator was prepared as folloyvs. MPEG750 (0.133 mmol)
was dissolved in dried THF (~30 mL) in a-two neck r6und bottom flask under argon
equipped with magnetic stirrer bar, followed by the addiﬁon of triethylamine (0.285
mmol) by syringe. The solution was then cooled in icé/s;alt mixture and
stoichiometric amount of 2-bromoisobutyryl bromide was added drop wise. The
reaction continued overnight under argon atmospheﬁ’efa‘t room temperature. After
filtration and evaporating solvent, the product was dissolved in water and extracted
with dichloromethane in several steps. A yellowish oily product was recovered after
drying over MgSQO4 and drying under vacuum at 40 °C.. This product is referred to
herein as “MPEG750 initiator". | .

[0095] | Samples of poly(polyethylene glycfol methylether methacrylate)
(P(PEGMEMA)) were typically prepared by ATRP as follows. MPEG750 initiator
(0.11 mmol)and MPEG methacrylate (M,=1100, 4.73 mmol) were dissolved in a
water/methanol mixture (4 mL water + 1-mL methanol)‘jn a schlenk tube equipped
with a magnetic stirrer bar. The solution was deoxygehated by freeze-pump-thaw
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| um nescence spectroneter (Perkin-Elnmer). [0091] A Brookhaven Bl -9000AT
Digital Autocorrelator was used for the differential light scattering (DLS)
measur enewo0(ues02g a vertically polarized | aser |ight eCTsseeloongsh 632. 8
nm . The DLS measurenents were made with the intensity correlation function
nmeasured at terrperature of 25 OC (unl ess otherw se stated) with a maxi num

nunber or:yCi% @Irmr@rébx additiog of @1Clo CoGAT a8, eﬂlpw@rr&ﬁmler aatmwa{soogz]

or opar cd A AREE Wi dthe BN AL WEREU; Gl RIRIBT 5 Uiy 25°

further aeperiTredpolgnicrizE@89dhs. perrrﬁEB%tWﬁbﬁrltétr@ferM&Be ph&@rﬁér@@naahd‘ ol I ows.
MPEG/750 (0.133 mml) was dissolved in dried THF ( in a tw neck

r ound bofle!"@rﬁaftﬁ‘a@kdﬁﬂ%ﬁteé}rtgﬁﬁs BM@XBQ@JS\/PP@V ﬂ@fbﬁ@t‘tlf@ wrthrTRrb'? bae, foll owed
oy the aglePBalln SOLAOANATHER diflngf o aP nﬁxa%xrurﬁqu rer{r@ves%;%éon was

t hen co sal ri‘c ano
2- br onoi sathlysy.r Ekcdmsosnlrzl@nt\m mimbcﬂmyomtmysevap'ﬁnatmreand Itlme\s@lwpnddureﬂ
over ni ght under at m)srg re . at room tﬁ\rﬁrgerature After filtration and

evapor at YAy r%‘?ﬂ‘(%ﬁ& aﬂ?h@“’&r jen indexane apA\weyng i YaE M A @0kt r act ed wit h
di chl or ogRdhRyHe ’\Bﬁib“t‘rrcfﬂ‘bﬁ%tr@@éveréﬂ ?er BYécﬁﬂté?r'oWn %QQ@QEP}Q’%Zy hgcover ed

after drying over SO an vacuum;at 4 product is
r ef er r edunderhéaeium asovevmigar.5Dhisrprodactds’ referr(wqalasS‘&’r(rBEéd\/IEMA) sample”.
pol y( pol yet hyl ene gl ycol nethyl ether nethacryl ate) (P(PEGVEMA)) were

typical | pared as f EG/ | at 0.1 1 mml) and
MPEG et ac | at e (Iﬁ/ﬁhé%ﬁgﬁﬁﬁjf@ghﬁﬁ%te @?’g‘?“s%d&tf%’ %"%?\Iga wat er / nmet hanol
m xture PEPHGMENIAY- b*PRFstdrmcm@apdﬂ»memmssr@hhealbytArbRqumgmed with a
magneti c a%érrer bar. The solution was deoxygenat ed

f r eeze- puffp- NN sarple 8% magseingiateld (R EM"@J@@mP'@I@lOL% mmel) and

2 S oo g L4 D IHEATE a8 B deeRndRly ¢

was per ffounieae-puneprtiaavpyelas.u OzBrrater PRIDETA and molar ratio) were then
added'to the mixture under argon. The contents were further deoxygenated by one
more freeZe-pump-thaw cycle. The schlenk.tube was ,:’transferred to an oil bath
maintained at 100 °C. Chain extensions occurred at 1‘(‘)‘0 °C, as evidenced by the
attainment of hithSOlution viscosities. Polymerizetion's; was terminated by THF
dilution and exposure to air, prior to copper removal er’\‘\alumina columns. The
block copolymer products (white powder) were recovered after precipitation in
hexane ‘and drying overnight in vacuo at 50 °C. The reeulting Sample | copolymer

was a brush-like amphiphilic diblock copolymer of P(PEGMEMA) b-PPFS (see

~ FIGS. 2 and 3).
[0097] Example Il. Synthesis of Sample I, P(PEGMEA)—b-PHFBMA
[0098] Sample |l was prepared according to the synthesis route illustrated in

FIG. 4, and as further described next.

[0099] - PHFBMA homopolymer samples were formed by RAFT. Ina
schlenk reaction tube, a mixture of HFBMA, cyanopropyl dithiobenzoate (CPDB),
and azobisisobutyronitrile (AIBN) was formed with moler ratios of [HFBMA]/[CPDB]
= 250 and [CPDBJ/[AIBN] = 3. The reaction mixture was degassed by 5 freeze-
pump-théw cycles and placed in an o.il bath pre-heated at 70 °C. After about 150
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term nated at designated tinmes by exposure to air and, dilution with THF.
The pol ynerization solution was then purified on an alumna colum to
renove coppeniwet@iyst. Excess solvent was renoved by reCasgewapessat i on
and the solid product was recovered after precipitation in hexane and

drying,in vacuum at 40 OC overnight. The product was recovered after
preci pi tratnuges pf h@atméh@r%amonmme wasngleenaheddunplacingube ilgghtn liqoid s

roduct e | n the subsequent
Ehai n ex 'ﬁoé:&gnrrp lé%t‘] élyniegr% W&qu@%%ﬁ@m e E% grrﬁsr was
for med landﬂﬂ%auaadﬂg\ohbmeﬂ Po/EVHBIFANYImas sampleoivas bbedifed bR REMEVD)
sanple (0.053 nmmol) and pentafluorostyrene (15.2 mmol) were mxed in a

schi ehk thepsesintaigeid demg eadesyvacsium for déAus i mgemAampeyailes. CuBr and

PVMDETA ( 1: 1.molar ratio) were then added to the nixture under argon. The

tent A . Th
cchl enk R0 " A R RN cOBGy Rr Sa e R B RAETS
ext ensi ohmlmtw:e of E’cHiFeBMAOBE(RMEAsaBd iAdiBNoeals bbssblved an trifluonetotuesie damdyh |

| ut t THF n an
Sposur ArasTaTRY v e BRGS0l Suts SRRl e obaraed Prinestk
copol ynﬁdurﬁbﬁfﬁéwto?cb%btrém%‘?@‘@@cbs‘%ﬁb?(%/{;&‘?OTﬁéQ%%Itrﬁ&a Fﬁfdsqwtﬁé' on in

hexane and dryi ng over ni I n vacuo a e resu t| ng Sanpl e |
copol yrremlWSE WGWW&GME%&[%HEBNWH 2a0 @ndI[BHFBi\%}zSﬂNBNﬂ =d. The reaction

P( PEGVE [ th f
e ibe TR 88 Pafbb-Ratsh 7P EE b THRPETS
t he syntligsgBenehdby lplasiy eatdbein FhGd rﬁtro@érdaﬁ@ BLprmédmaretmbed next .
[0099] PHFBVA honppol yner sanpl es were f ormed by: RAF In a schlenk

react i orfthgbelha C!ﬁtsdb/ﬁtaemolmmmaswaﬁ Beeha r@n@m HisepureRAYPerbB) , and
bi f

o) OB Shbect D, B Ro i DTPLR G e by o-

degassedlisgolgingrthe Deyderproduct in chloroform and isolated by evaporation of the

solvent followed by drying under vacuum for 24 hours., .

[00101]' Different batches of Sample Il with controlled molecular weights were

obtained by using different molar ratios of monomer to the chain transfer agent.
[00102] Example lll. Characterization of Samplé I, P(PEGMEMA)-b-PPFS)

' [00103] - Sample | copolymer was dissolved in an aqueous solution and an
organic solution respectively. The solvehts were deuterated (denoted by “d”). Self-
assembled micelles with PPFS segments in the centfal'regions (core) and
P(PEGMEMA) segments in the peripheral regions (coffona) were observed in the:

aqueous solution.

[00104] . Representative "H NMR spectra of Sample | co-polymer in both d-
chloroform (top) and d-water (bottom) are shown in FIG. 5, which also show the
peak assignments. In d-chloroform, the chemicals shifts a (6 ~0.7 -1.1 ppm), b (5 ~
3.4 ppm), and c (6 ~ 3.6-4.2 ppm) can bé-a’ssigned, respectively, to protons from
the methyl group (-CHs) attached to P(PEGMEMA) backbone, methoxy (-OCHs)
and methylene (-O-CHz—CHz-) protons of the PEG side chains of P(PEGMEMA)
block and the PEG initiator combined. Signals d (8 ~1 .7-2.8 ppm) represent

\
"
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t haw cycles and placed in an oil bath pre-heated at 70 0C. After about
150m nutes of heating, the reaction m xture was quenched by placing the
tube i n IwqQuoth/msd2rogen. The crude pol yner was precipit atedcomomodods hexane
to renmove oligoners and unreacted nonomer. Pure PHFBMA pol ynmer sanple was
obtained by filtering the preci Eitate and dryi qg under vacuum for 15 hrs at

][oom Ej egwm“ﬁé?rofml(ﬁdhe PRY$blavkA) copeiyrsrA ?ﬁ)‘fﬂﬁ/ﬁﬁﬁa@&ﬁﬁ&ﬁﬁ weree
e 1 uor S e g TAbh t Horl B0Ga PER tneR et BERHE Dol iiiegeed "

seal ed athe: fdematicrdf micdlat begrepiienby PIREGNEMRY-H-PPFSBlsek toB6I9Mmepin
oxygen. The tvy iﬁal nmolar ratios in the mxture were [ PEGVEA] /[ PHFBMVA] =
200 and ‘{Vﬁqfl?j/'/ﬁ] PReeENgried in themaiceliseenediot aseesstile {maMR) ardd in an oi |

Che tboe o aat ohdie PoneRlic netidn | A 85 AR ARSI Oy

et her soindeedmanaspbiphtlici diblgekl copolymeeyve t he pure pol ymer by decanting the
supernat ant solution. The polyner deposit was collected by redissolving the

Fol | owbcl U081 y1 ng GROBPTOSRGINF B asasany 4 CF) Trates of Sarrled dReicbar ches

of Sanpl ind)land the PEEGIIENA) matRftiaor (GO )i eUbiahBeGgihsiSi Ng

different nolar ratios of nmononer to the chain tiransfer agent. |00102]
Exanpl e POlysty@ng siendardsdniToiF es eBmntl Kapresartah@E6E) piofirrse $loowoBsi
Sample |g | ymer was di ssol ved in an aqueous sol ution and an organic

sol uti.on respectively. The solvents were deuterated (denoted by "d") .
Sel fassenbl ed m celles with PPFS segnents in the central regions (core) and
P( PEGVEMED 196y ment dt wastdeterpeneg ttes R(PEGMENMA) (reersinRiatoreirepaksieinved in

t heaqueous so, utie%m I[’\\??Olfoﬂﬂ' Reﬁresenbative 1H NVR spectra of Sanple |
co- pol ynEfeMRIGLRad ar Mopiaieauhl14889/mak and-aRDef abevk bip: arEPbun in
FIG 5, | ' - orm the

Cherm cal o R B b O Rt P g P C (0= 3.6-4.2

ppm can be assigned, respectively, to protons from
[00107] Relaxation time (t) distribution functions were obtained from dynamic

light scattering (DLS) measurements of the sample solutions at scattering angle
90°. A representative distribution function is shown in FIG. 7, which was obtained
from a solution with a copolymer éoncentration of 0.5 mg/ml. As can be seen, the
function is unimodal (with one peak), suggesting the fdrmation of micellar
aggregates with narrow particle size distfib;jtion in the'solutions. The
hydrodynamic particle size of P(PEGMEMA)-b-PPFS block copolymer micelle in an

aqueous solution was measured using DLS, and it as found to be about 56 nm.

[00108] Angle dependent measurements produced insignificant difference'in
the hydrodynamic size of the micelles, confirming that‘fthe aggregates or particles
were of ggnerally spherical shape (charécteristics of micellar aggregates).

,[00109]‘ The spherical shapes were confirmed by the TEM image shown in
FIG. 8, which was obtained from micelles transferred from the aqueous solution to
a carbon film. In the TEM image, the darker regions represent polymer segments
with higher electron density. Thus, in FIG: 8, the darker core represent the PPFS
segmeh’gs and the lighter bands around _;the dark corés represent the P(PEGMEMA)
segments.;
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the nethyl group (-CH3) attached to P(PEGQVEMA) backbone, nethoxy (- OCH3)
and net hylene (-0-CH 2-CH2-) protons of the PEG side chains of P(PEGVEVA)
bl ock andwohelorE&@24ni ti at or conbined. Signals d (d ~ 1. PCZS&2010r0p0058
represent backbone protons of the PPFS block in copolyner. 1H NWR signals' of
PEG wer e observed in d-water, but signals due to PPFS bl ock were absent,

whi ch sul9d3Pky t h&F1BePrelovena sepreseriplive difigieniigh S6aNMYY RARFGMEINR) - f o- PPFS

ncoess: eI RERDHIANEH Al 3aliiiE) o TR bl MBS RanSiubliEmbhfitures o,
i ndi cat e, yhamamscqﬁaﬂlleeawboutnaeedz & abgUtoptool 9G; cdinbisg@hdulﬁgnlel {rrelr g
e sol i

[ 00105] Gas erneati on chraonatogra 03 rofiles of
line) anti@RHEoTPIatRRSRKMIE S@EKBE%‘ EM%AQ@“@ d?[tp%@qulﬁﬁe5e$ﬂ@ﬁBVQhét dihed agai nst

pol ystyr are
B own. | rTERRILES RORGEERL it Ffordthe fRlo sERRFARFIAbE oI R bR, 2T,
pr epar edmater@kanpl e | had an Mh of about 11400 g/nol, and a PDI of about
1.15; Sanple 1 copolymer had an M of about 31000 g/ m)l and a PDI of about

1.3. [00 el axation tinme (t) dis nfunctl wer e ob i ned from
dynam ¢ fq%éht scat ?ml‘fdto’r(CBL"@§r°ﬁ‘é%°§( ?\EN‘EE Uf“aQﬁ%aECﬁEW”?QF%P ms at
scatt eri fgnédBb@ SHnpld\l Wers a/enitrbinkg. Hos Wﬂmlkhequmér*émréé b§RewN in
FIG 7, which was obtained froma solution with a cz&o ymer concentration

of 0.5 ngpating THF sghitips of&amplerorraaleansd coveugiass dlor ntigiassopicesligeak) |
Sugges“Y’Wh Hhﬁeﬁ%ﬁ@bb szﬂﬁ%b%rmgﬁgﬁgéngsm% {,} Y \%\feoﬁre%)apeoe size

di stribution e so i OoNns Cc par e S ze o
P( PEGVEMSY dh»pl?l@j:ﬁarbbocdoammwwmfrgrm mtd 3] Q'HH"IS@[]’[I@M ok8ampie@l ahd anmg

d t foyund to bé ab 00108
Gopendon? i ASuPERMIRS Blerssncs. HERresATRRAnAL b Ahb BN ENAGES A Siown
hydr Odynmmle§'1bearﬂi 14 *ﬂs ﬁ@&u%lh/gSrheCRPNLéﬁH ?gn\/pﬁﬁé gddRdRGESPERL es or

particles were of genera y spheri cal ape aracteristics of mcellar
aggr egat f@gmatlon of nanoscale patterns on the f Im surface.

[00112] : -+ Example IV. Characterization of Sample‘ll, P(PEGMEA)-b-PHFBMA

[00113] .  FIG. 12 shows representative-*H NMR sp’ectra of Sample PHFBMA
homopolymer and Sampie I, which confirmed the chemical structure of Sample Il
These spectra were obtained from the samples in CDC|‘3.

[00114] The mono-modal GPC traces shown in FIG. 13 indicated that
Sample‘ Il contains a well-defined block cobolymer The molecular weight of
Sample I ranged from about 20,000 g/mol to 85,000 g/mol and the PDI of Sample
Il was less than 1.3.

[00115]  Example V.

[00116] Coatings with nano-patterhed surfaces were formed from Samples |
and Il on substrates. ’ o

[00117] " "The ceating solutions were brepared by'éissolving the respective
sample copolymer in either chloroform or tetfahydrofuran, with copolymer
concentrations ranging from 5 to 20 mg/mL.
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[ 00109] The spherical shapes were confirned by the TEMimge shown in FIG
8, which was obtained frommcelles transferred fromthe aqueous sol ution
to a carbwo 2bidawso2un t he TEM i nage, the darker regi ons PEPISE2EN000@SE yNer
segnents with higher electron density. .Thus, in FIG 8, the darker core
represent the PPFS segnents and the-lighter bands around the dark cores

(rj e ]P ][ esent00IAS8] p( PEG‘VE\MQ?’(WW@@]S[ wereldgrasited o RGO statehy eitkenspinve )
wer ot o SRGE OB CBA G, Tt RS Word BHRURRR BT raBafed o " ©

-50 0C afethpdratifres; tdin @Bouc 410 @5 oo di. TR0 tO td bbtxhh tdpuyragtipsinpdnd es of
P(PEGVEMAJ and PPFS bl ocks, respectively. This result is§ consistent with

ni cr ophaderpiegicalbphetereganepustnaswaiasnrd spfagd® bul k material . [001 11]
Atom c force mcroscopy (AFM height images and TEM i mages of filns forned

from Sa wer e | e Eadd y spin
coati ngntplﬁ 1sb!)l uti oﬁ%%%sggﬁr?gl wlngnﬁgm@ﬁgéahrégge%ég}%gﬁg@??ségég %obsﬁqu%r oscopi ¢
sli de, wamphgihifersirtaces22mm x 22mm x 0.5 mm). Sanple films for TEM were
prepared by di pping carbon coated copper grid into a THF solution of Sanple

TEm | gl 1208 Shovind Esiied sutbichsiog s Bko® BRGma RIS Rerap B Tem
i mages | M&%@%d@timm%délmg@qlmmﬁggﬁ%ﬁé I(@mg?jgré) thepfdttusiony f ace.

[00112] Exanple IV.- Characterization of GVEAS)-/ b- PHFBVA
[00113] ¢ the sprfagpwere appasaly gichie fluarnaismk sepatants dhe Sane! IRISBVA

honopol y : ' fi j ) t of Sanpl e
T Thesete SrREELE rPECRER sPaRenl UapRulOr bRt SRS, “rre

nono- nodedarEPgetraacethetbpugraphy Vds reldrdendi cat ed that Sanple Il contains a
wel | -defined bl ock copol yner. The nol ecul ar wei ght of Sanple Il ranged from

i_bgfjt 20[0%‘%91?/ ol I'-tlgsgl‘:"l’tiognod % reglc)wzilfggrésre%ta%]\%le Kﬁm?%%%'eg olf Ia el\éanﬁplleess than

coating surface before and after water treatment respectively.

[00122] Example VL.

- [00123] ' Absorption of three different proteins on eoatings formed of Sample |,
P(PEGMA)-b-PPFS, and Sample I, P(PEGMEA)-b-PHFBMA, respectively, was
tested. ‘ ; '
[00124] | A quartz crystal microbalance (QCM) with dissipation monitoring

(QCM-D) procedure Was used to evaluate the adsorption of the three different

proteins on sample coating surfaces.

[00125] The procedure of eoating/ﬁlm preparation for QCM is illustrated in
FIG. 16. Prior to each QCM-D run, the gold sensor surface on the quartz crystals
was cleaned in the UV/ozone chamber for 10 minutes.end subsequently rinsed
thoroughly with deionized water and dried with nitrogen gas. Next, 2mM of
mercapto-1-undecanol prepared in ethariol was dropped onto the gold surface and
was left to dry overnight in the fume hood. 'Mercapto-1-undecanol adsorbs
spontaneously onto gold surfaces formi'nge uniform and active -OH terminated

monolayer. The two block copolymers, each with conlqentration of 10 mg/mi

¢
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[ 00115] Exanple V. [00116] Coatings w th nano-pattened surfaces were forned
fromSanples | and Il on substrates. [00117] The coating solutions were
prepar ed W9 2dim®al2¢i ng t he respective sanpl e copol yner pPaoTSG2émroo@ss or of or m
or tetrahydrofuran, wi th copol ynmer concentrations ranging fromb5 to 20

ng/ mL. [001 18] The coating solutions were deposited on the substrate by
ei t her spepatsshini HgF seludiop-werst thay spirhecated oatp INdiyidwpl tepted galer e dri ed and
cured at “ﬁt %t ed tenperatures, fromabout 110 to about 120 OC to obtain

t opogr ap T aaqely and nor phol ogi cal | y het erogeneous nano-patterned surfaces.
[00119] The resulting coating showed phase-segregat ed heterogeneous*

anphi phi[0od26}r f ac&ontidd@lidBted hsed Rildddn @) Slydfaphiiic surfacestumpdsingt t er ned
m cro-topography. Wien the solvent in'the coating solution vvas organic

(non- pol RHTE, gql%éua‘a% M@.tbﬂsodshtqrm@%@@ menelawar endpyiiaiany ralymer n

fluorin e r HERsHMG" ﬁ%ﬁ@
segnment ?@n@ Qﬂﬁ{bgfﬁygﬂeb ,rféscé%gérrent stI eogrtﬁ@%{g%lﬁﬁgmfg@op grapﬁy was
rever secbntb(.’tbéma]atéd &Sd Ma@echntﬁwﬁthawmcﬂmet,‘mam.AFM i mges of a
sanpl e coating surface bef ore and after water treatnent respectively

coai 1 nulT3BALG of ALSTEES verppRia Ry Syaht 2nd ish Ry ROG' &' et-C"
P( PEGVE%e/Mgg&M%foerFﬂd(ﬂté’d i@ @@M@dneéélmr%%]:hﬁnaéﬁr‘rﬁe st al

m cr obal ance ( di ssi Rat lon nonitorin procedure was used
to eval udee iNHiated by ifiptiestallishingea stﬂb&@basalrr@rwmg fhreobackgrownd selkiipe

T 111 ust PAPEPES) Fie s BRsBicRe ety B o PRBe B it race
on the q@t&rmg/mlo psé;&dréd in 10 mM PBS solution was mjected through the measuring

cell. Adsorptlon of protein onto the surfaces was monltored for at least 1 hour and

the measuring chamber was then rinsed twice with 5 mL of 10 mM PBS {o monitor

the desorption of protein (if any) from the polymer surface for a.period of 20

minutes.

[00128] The adsorbed mass of protein, Am, was calculated using the
Sauerbrey equation as Am = C (Af)/n, wheré Af was tﬁe change in the frequency of
the cryétal due to adsorbed mass, n was 3 for these tééts, C was a constant
(C=0.177 mg m?Hz") in the used device).

[00129] The adsorbed mass and dissipation as é function of time of three
different proteins, bovine serum albumin (BSA), Ilpopolysacchande (LP) from E,
Coli, and lectin from Codium Fragile were measured. Representatlve results are.
shown in FIGS. 17 (BSA) 18 (LP), and 19 (Iectm), respectively. Neither the
Sauerbrey-mass nor the dissipation for all three sample proteins remained stable
within 1 hour on coated surfaces (except ‘the pure gold surface). These data
suggested that complex structural rearrangément and ,éonformational changes

occurred within the polymeric layer. The test results a‘ré also listed in Table I.
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was cleaned in the UV/ ozone chanber for 10 m nutes and subsequently rinsed
thoroughly with deionized water and dried with nitrogen gas. Next, 2nM of
mer capt o-wounoawenel prepared in ethanol was dropped ontaTiSlkkeogobassur f ace
and was left to dry overnight in the fume hood. Mercapto-1-undecanol

adsor bs spontaneously onto gold surfaces formng a uniformand active -OH
term nated nonol ayer. The two bl ock copol ymers, each with concentration of
10 nmg/ m prepared in THF sol ution wer Ealledn spin coated onto individual
treated gold surfaces. [00126] Control surfaces used included: a)
Hydr bphi | fc~surface conmprising pure gofy rface h—the=OHtermmnat ed
nonol ayer anﬁo tFI?IW ol yner coatl%(}§ t'?ﬁwhbfﬂtﬁ‘&hobl c surface
consi sting of trinmethylsilane chl@gAde de|pOS| t edpont o he tyeaied gqgld

surface ant—w-thout—any—poehyrerfeoating—10012A—AH——swfaces—were—Heft to

dry overnj ght “aamela bd for| 1 hour,.at 60 pC the pext day bef %e bei ng
mount ed ln(ﬁd@%e@)&ﬁ@bmwl ng chgﬁber The tesf1 ~were|initiated by (first
hil

est abl i shing—a——stable—baserHi-ne—ustng—thebackgreund—soelutien—{10- PBS) .

When this| was a2dneleell, .a protein sol uti on (pr o{sgl n concentrﬁgl on 0.5
mg/ m) prb@:@p&@@h\ﬂm) g.ﬁHmm,BES sol ufi'on-was | i nj ect’ed thr(bugh t rreasurl ng

cell. Ads 1IU‘II of '"IULell -onto—the—surfaces—was—roni-toredfor Heast 1

hour and the n@é&’@ﬁﬂ@ chanber waé7then rinsed 1@ ce with 5 #6_ of 10 v
PBS to non tijon of tein (if a fromthe p mer gurface
for a per 6 QE%UI(H’ 0012 6)Th¢= adsorbe Orm':': f DJ’_nj_grL H was

cal cul at ed using the Sauerbrey equatlon as Dn= C (Df)/ n, where Df was trie
change in the frequency of the crystal due to adsorbed mass, n was 3 for

t hese t stant (C=0 177 1) in the used device).
[00129] JFEI R T eef%ataw%%mLW§Meap hrefeint ¢ hr ee
differe \Vi ar P)
From £ T e L Mg DERIOMRRFPRISAR ) e

resul t s Eremass of each protein adsorbed onto the polymeric film was normalized against

)—g

U'l._lwr\rwj_ﬁl

the mass of that particular protein adsorbed onfo the hydrophoblc gold surface and
the percentage of protein adsorbed onto the hydrophobic gold surface was set as

100 percent.
[00131] - Example VII. Surface wettability of Samples | and I

[00132] Sample | or Sample Il was dissolved in chloroform or 1,4-dioxane to
form respective coating solutions.- The sample solutions (about 1 mL) were spin-
coated onto glass cover slips at a rotary speed of 1000,rpm for 1 minute to obtain
uniform thin films. The films were then annealed at about 110 °C for 30 minutes
and cooled under nitrogen atmosphere. ‘

[00133] Contact angles of the sample films Were‘ measured on a Rame-Hart
goniometer by placing a drop of water on several places of each surface and
' measu{ring the angles of the water drop on the surface.on the right and the left side.
Measurerﬁents of the contact angles are made before and after BSA adsorption
onto the respective polymer surfaces. Results are listed in Table Il. The values ‘
listed in Table Il are averaged of at least 10 measurements. Similar protocols were
followed for measurements on the surfaces subjected to protein adsorption assays
as described in Example VI.
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shown in FIGS. 17 (BSA) 18 (LP), and 19 (lectin), respectively. Neither the
Sauer brey mass nor the dissipation for all three sanple proteins renai ned
st abl e wiwbi2nioloobizur on coat ed surfaces (except the purecyscdowwndoEge) .
These data suggested that conplex structural rearrangement and
conformati onal changes occurred within the polyneric |ayer. The test
results are also listed in Table | TABRIN . 9% Adsorption of Protein
POLYMER FI LM BSA LP Lectin Sanple | 23 46 22 (P(PEGVEMWA) - b- PPFS) Sanple ||

, 2155 ZTtP(‘PEGNEﬁr)—U—ﬂ d 100
100 100 [ 00130] % ows the perc%i%%‘ﬂi? meeqr?g)g mass of each

protei n adsorbe 0 the diééﬁ?ﬁ@s&ﬂa&bﬁﬁoﬁur qugs;q Aﬁbaﬁitl‘?ﬂl with 10

nmv PBS soltut+en- ...c HBSS —prot-eth—adserbea—onte—the meriic film
was nor mal|i zed Sajapledt t hg mass 0672H:aﬂ6part|cul ar proB%Br#Qaﬂsor bed |ont o
t he hydr ophobi urfgce and centage of pro Sorbedjonto
t he hgdrorhnhl :S%Jé I2urf ce was Z—gg %5100 Dgrcentp %@i £xam:§| SAV/I I
Sur f ace we*ttabPUréGoﬁj SanT)I es | amd 40. 4[00132] Sarrpl €99.6 @10. 5anp|e Il was
di ssol ved r—cht I_UTII 4-droxane_to forn bbpbbtl yecoating
sol uti ons. H;{ér 1% Qiﬂputlons (AEOY nl) wefe spi 1284 £8-50nt o gllass
cover slips at a rotary speed of 100Q rpmfor 1 mnute to obtain uniform
thin filnms. The filns were then anneal ed at about 110 OC for 30 m nutes
[00134] Example VIl|

D——Fa

[00135] . Samples lll and IV were prepared acéording to-the procedure
described in Example I, but with different weight ratios of the component segments.

[00136]' Sample lll had a P(PEGMEMA) block w‘ith 12 repeat units and a
PPFS block with 114 repeat units, and is denoted as P(PEGMEMA)12-b-PPFS114.
Sample IV had a P(PEGMEMA) with 19 repeat units and a PPFS block with 95
repeat units, and is denoted as P(PEGMEMA )1¢-b-PPF Sgs.

[00137] Sample block copolymers. prdduced were dispersed in methanol to
précipitate, any residual PPFS homopolymer. However, no precipitation was
observed ‘confirming a highly efficient chain extension reaction. The removal of any
unreacted P(PEGMEMA) homopolymer chains was achieved by dispersing the
block édpolymers in water with stirring for several hours prior to centrifugation at
4000 rmp. .

[00138] . The refractive indices of Samples Il and IV in THF and aqueous ‘
solutions were measured using a BI-DNDC differential refractometer at a
wavelength of 620 nm affording the refractive index increment (dn/dc) of each
solution. ‘The instrument was calibrated primarily with potassium chloride (KCI) in
aqueous solution. The dn/dc values were found to be 0.1350 + 0.010 and 0.1306 +
0.008 mL/g for Samples Il and 1V, respectively, in THF. The values in aqueous

-~ solutions at 20 °C were 0.1712 + 0.012 and 0.1625 * 0.011 mL/g for Samples lll
and IV réspectiv’e|y, and increased to 0.1835 * 0.014 for Sample IV at 50 °C.
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and cool ed under nitrogen atnosphere. [00133] Contact angles of the sanple
films were neasured on a Rane-Hart goni oneter by placing a drop of water on
several pwvecen/mbo2zeach surface and nmeasuring the angl esPofi/SGhelowatoss dr op
on the surface on the right and the left side. Measurenents of the contact

angl es are made before and after BSA adsorption onto the respective polyner
surf aceslO0R881 t s o sefiesplRfork capplymer solutinas yiiheancenyations fanping e |1 are

aver agedggf, f+ ﬂoeﬂétméfg?mwgﬁ%f}a;%g ggﬁiig'{ibg% A% Q«gﬂ{ién bcko! | owed for

nmeasurenents on the s aces otelr.n adsorption assays as

descr i becbpotyrazawithavater. TRES Bytdnd SHldiBH] inExastphe weslttarsitistbio Saopites |11
and 1V were prepared according to the procedure .described in Exanple I, but

\r/1vi Ei h di f® eY'%'ﬁt,a PBﬁtWﬁsatf‘?BseV@POE%%d HoHBORAkRgER ﬁt%qdiTG)ﬁlﬁs@PC'Sanpl e |1
P i L ' S W : .
e eat EHAIMEY sOLB6its W Gie HridfPERindRicenfiof PRI 1bIM ifebth Vi |

P( PEGVEMAfitemequilidratior peetrighimattantziadt eniRiFSture diblke excitati@bspeqieat300qi t s, and
i s denot as 137 anpl e bl ock ,c | ymer.s .produced r Lspersed in
ot hanol 500 AP Xt AEORR Yera Lo BoRs SRR AHEIeN B ALl Hrpuith

pr eci pi t @il OitdBSn QRS VNS oA YHNIWNIAY HRirY SdY ot Bl The g G tRePEaRNSi ON
reaction. The renoval of any unreacted P(PEGVEMA) honopol yner chains was
achi evedinignsitiespalr 33&gnd B33 N Okssdapadfitie rexcitatiomspectya waresanalyzeryas er

sever al . 1.Qf; ntri fugati on at- 4000 rnp. [00138] The refractive
I ndi ces@?’g{é‘;ﬂ%rég{yﬁq? Cﬁéﬁﬁé'ﬁvtrcﬂ"THF and aqueous sol utions were neasured
using.a BI-DNDC differential refractonmeter at a wavel ength of 620 nm

af f or di ngpot1iae] r ef r RitibresceneespédtRysetpPantddl Sekpefimeatweie) udddtw.  The
i nstrument. was c?‘l i brated, primarily wth potassiumchloride (KC) in

aqueous Seterminsthegiiiicalhniselle sopeantalian (omm @ Samles I gad IV in sadeansy

0.1306  golytions at 25 °C. The polymer concentration at which the ratio of the peak
intensities (l33s/l333) and scattering intensity increases sharply was defined as the
cmc. The cmc value was taken from the intersection of the tangent to the curve at
the inﬂé;:tion with the horizontal tangent through the point at the low concentrations.
The cmc of copolymers obtained from bbth ﬂuorescenée spectroscopy and DLS
experiments are in good agreement. The estimated cmc of Samples lll and IV
were shqwn in Table lll. The cmc of Sarhple [Il was found approximately 20 times
lower thén;the cmc of Sample IV, suggesting that the minimum concentration above

" which micellization starts in s_olutioh, may be dependent on the block lengths of
both blocks. It might be hypothesized that longer PPF‘S‘-‘bIock and shorter
P(PEGMEMA) block would favor micellization, promotéd by an increase in

hydrophobicity.
[00141] Example [X
[00142] | Sample Hl or IV (1 mg) was dissolved in THF (0.5 mL), and the

solution was diluted with deionized water (2 mL).(Millipore Alpha-Q purification
‘system eqUipped with a 0.22 um filter). To ascertain the complete evaporation of
THF from the solution, the 2.5 and 2 mL volumes which represent the volumes of -
solution with and without THF, respectively, were marked on the sample vial. The

mass of the initial 2.5 mL polymer solutibn,was also measured. Next, the solution
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0.008 rrilL/g for Sanples Ill and 1V, respectively, in THF. The values in
aqueous solutions at 20 0OC were 0.1712 0.012 and .0.1625 0.01 1 nmi/g for
Sanpl es WO 2areh960Z4r especti vel y, and i ncreased to 0.1 8BET/SG20A06068 Sanpl e
IV at 50 0C[ 00139] A series of block copolynmer solutions with
concentrations ranging from10 4 to 1.0 ng/nL were prepared by diluting a
st ock sowasiefhtoogvaposate aldpomyiesiparatune watlkthe vnﬂéngyaérvéosmdj{q e 2 mL

nder i (8L R8s BiStiaP Al PNERED gk oyl RTENBIG PR YIRE Tl nal
pyrene cQme@Bhtakdroid fproxithatelyU8h.Mrhe deas in tHealolurbtadid @eds bf thieat i on

overni ght at ‘anbient tenperature, the excitation spectra (300- 360 nm) of
the sol usolgiien Egnainlydue dethexcomplataryapdation v TGO siL BOBHRWAG th t he

excitati LSS ' i ng. Y r.ati t he
peak i nt %ﬁ%ﬁ%e@%@éég@e Eﬁf&%gg%%%ﬂ@ggﬁ%‘ﬁ@?lﬁgm%g’g%‘éﬁdé | g%ttspect ra
wer e anargoneteraperatiirenct i on of pol yner concentration. [00140] Fl uorescence
spectroscopy and DLS experinents were used to determne the critical

mcelle gconcentratign (c of Samples. II] and IV in agueous so] utions at
25 0C. Tf&o"ﬂ% ymer -@%é@ﬁr)r%"’ﬂ%ﬁ' “9\%“@ "i“ﬂ@'ertélﬁ??‘ﬁc‘?ﬁo YRETpEkPPnt ensi ti es
(1338/ 1333 5&%&?&#}@ thé‘!rﬁ@ ﬂa‘ti%n'\/.éﬁlé*s?éfes‘i%ﬁé?@(j %%@FP@?“SM as the
cnc. The cnt val ue was taken fromthe.intersectijon of the tangent to the
curve at P{PRGMENMAY blasks iionh thehbMR specin See hiGedh) This cagiposhionptsatat  at

t he | trati . Th I . obt ai f bat h

{1 tor escORb O apEs ppBEHIs, iR aoRe Lte RbR e aionr BN SRR Bants: . he
est i mat eds@fiBtedf frorARE Zmhd plodd)drdnY e CR t8YBIymErd & keallibte thEtedtae of
Sample I'Il was found agpr oxi mat e?/@ﬁég times lower. than the cnt of Sanpl e

1V, suggebpelieriration geeashblegia tailedtdissyssinsyef thRicaleuatioa | i zati on

starts i | dep, t oGk bot h bl ocks.
i ght PR e T SIS o LSk ety P BRI TP Pechenmy

bl ock woRbty[paly@thylene flyicohmethyl gtiarmeébdchbiate]bicvkrprmpentaflogristyrieab) ci ty.
[00141] E\Xm%rﬂ?érﬁuc' 6iblock Copolymers in Aquéous Solution”, Langmuir, 2010, vol. 26, pp.

2361-2368, the entire contents of which are incorporatéd herein by reference.

[00144] Some measured and calculated results are shown in Table 1.

Further results may be found in Tan.

TABLE Ill
Sample Sample lll | Sample IV
M,, GPC (g/mol) 31000 17500
PDI 1.3 | 1.3
cmc (mg/mL) . 0.01x0.001 | 02%0.015
My, single, (g/mol) 36000 +980 | 39500 * 1300
Micelle Radius (nm) | - 56 1 27T £1
[00145] 'A schematic representatioh of the‘expected micelle structure formed

in an aqueous solution is shown in FIG. 20.

[00146]. .. Samples Il and IV were found to have well-defined brush-type

structures, and could form generally spherical micelles in aqueous solution. It was
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[00142] Sample Ill or IV ( 1 ng) was dissolved in THF (0.5 nL), and the
solution was diluted with deionized water (2 nmL).(MIIlipore Al pha-Q

puri fi catworropywt@Em equi pped with a 0.22 mfilter). To RETSGR@I0N0G05R

conpl ete evaporation of THF fromthe solution, the 2.5 and 2 niL vol unes.
whi ch represent the volunes of solution with and w thout THF, respectively,
wer e naryled found thet sepplymevs alith |ShgemBEREGMENB) blacks tarmedamieellps Wite r

Cenper at sellenferius Al eSO BRe I ST 1T tafeiee HH it e o
was o Sefo";ﬁcgﬁslgl%? %‘Z{@fcﬁqﬁ@ ﬁée%cﬂr iggbf.n‘?\ﬁ‘t ]Fﬁehet%a% ré\ﬁﬂl%,etlpé heygdegatioron t aken

I S appr oxXi vol une and mass of the i solution is
mai nly doember irfvecasedp| An ncreagmindeivperatura aso(iodaced thedirushiiked¥=Gdded t o
di ssolve the pol.ymer) as’ g very mninmal anpunt af o) s at room
t enper at a%gsneF@d&@? C?ﬁé‘%l%@&ﬂﬁ@ﬂi ?WW@%%ﬁ&e%ﬁ“%&gjﬂ%&ﬁbgpol yIer s
can be Wf?ﬂil%%l\ﬁéseﬂuﬁﬁ 16 SRS ARI IRy I0VbL B¢ Arne forabeeturefranbgnal s d and a
of PPFS an PEGVEMA) bl ocks from t¥|e- NVR spectra (See FIG 5). This
conposition data can then be conmbined with absol ute nol ecul ar wei ght data

(My) (wh[@147y be Bexmplet’ed fromthe Zinmplots) fromthe bl ock copol ymers
to evaluate the degree of polynerization of each bl ock. For detailed

di scussi t he I ' an. i suPiddehsd s and
Sei - nasEOLFAPor *erRol SRR MRS ptRanTRg Eimtod supterttl

net hacr ykaiple plyoet fitmelneteesnspéhdeat vartigalbnis)indivishiapbéentrituga tubes k

Copol yners in Agueous Sol ution', ngnyi r 010, .:.vol . 26 . - 2368,
the enti FRNEHHPE HERredrSaRNHE" QT e ihﬁ%%ggﬁ?@PédCQFQJWﬁer‘Q/erﬁeﬁ'%Pé’ﬁ%“g%S [ 00144]
Sone ”eaﬁi%c‘ﬁgsé?gb(?\gé.whéta‘?@a [iRsierdet Was abBANDS infim el erh lahd thted her
results may befound in Tan. TABLE |1l '[00145] A schematic representation
of the exgulicabes werelsas. sAftac24ihdnedbation in the dark, the barmacles at ached to

each slide were counted.

[00149] Field test was conducted on the surfaces at the West Coast of
Singapore from 27 February 2009 to 27 March 2009. All test samples were

recorded by photography once a week. -

[00150] y Nahostructured surfaces formed by the self-assembly of amphiphilic
block copolymers containing fluorinated and PEG segments were obtained and
demonstrated to reduce adsorption of different types of protein. The films of

sample copolymers were found to be resistant to the settlement of barnacles.

[00151]' Further details are reported in Tan et al., “Barnacle repellent
nanostructured surfaces formed by the self-assembly of amphiphilic block
copolyrﬁers”, Polymer Chemistry, 2010, advance copy available at
<http://Www.rsc.org/d'elivery/_ArticIeLinking/DispIayHTMLArticIeforfree.cfm?Journal
Code=PY&Year=201 0&ManuscriptlD=b9py00332k&lss=Advance_Article>, the

entire contents of which are incorporated herein by reference.

[00152] - - When a list of items is given herein with an “or” before the last item,
any of the listed items or any suitable combination of the listed items may be

selected and used.
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in an aqueous solution is shown in FIG 20. [00146] Sanples Ill and IV were
found to have wel | -defined brush-type structures, and could formgenerally

spheri calwoizesldser4i N aqueous sol ution. It wasal so foun@#cCrisezowepasy mer s

wi th | onger P(PEGVEMA) bl ocks forned micelles with smaller radius and | ower
aggregation nunbers in solution. The mcelles were found to possess a thick

hydrati d®0r&$kr . WQfteaUies.dhsiabgvesieseribed: GQ,bOQH@e@[Q@r" edeended tibser
sogen: Sisttye ST R ) BoSEIPRRY' Tk SR ibddfeBISR SigRolhR .

t he m cetol manyasdiffcatidns of o, easshginmariiidf paate cdetbite and wed dresfigiarbtic ®:
range. [00147] Exanple X [00148] Cl eaned gl ass Eéides_coated_mﬁth

ani no- t et ¢ HiyepHoryatharelsdntensigdip ensempasp allisugs meGitcaliprpwitiadtsyer ti cal |y
in indin%&#y@.agqﬂmhga%gqhégﬁﬁﬁ]containing filtered seawater. The filnms of
sanpl e copol yners Wwer e prepareg'as di scussed above. The area i mersed was
about 25 r mx 60 mmand three replicates were used. After 24 h incubation
in the dark, the barnacles attached to each slide were counted. [00149]
Field test was conducted on the surfaces at the West Coast of Singapore
from 27 February 2009 to 27 March 2009. Al test sanples were recorded by
phot ogr aphy once a week. [00150] Nanostructured surfaces fornmed by the

sel f-assenbly of anphiphilic block copolynmers containing fluorinated and
PEG segnents were obtained and denonstrated to reduce adsorption of
different types of protein. The filnms of sanple copolyners were found to be
resistant to the settlenent of barnacles. [00151] Further details are
reported in Tan et al., "Barnacle repellent nanostructured surfaces forned
by the self-assenbly of anphiphilic block copolyners”, Polyner Chem stry,
2010, advance copy avail abl e at

<http://ww. rsc.org/delivery/ ArticleLinking/D splayHTM.Articl eforfree. cfnf?
Joumal Code=PY&Year =2010&Manuscri pt| D=b9py00332k& ss=Advance__Article>, the
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entire contents of which are incorporated herein by reference. [00152] When
alist of itens is given herein with an "or" before the last item any of
the |i st ewloizoevmes any suitabl e conbination of the |istred/Sceenmormay be

sel ected and used.[00153] O course, the above described enbodi nents are
intended to be illustrative only and in no way |limting. The descri bed
enbodi nents are susceptible to many nodifications of form arrangenent of
parts, Jd&HAT $SLHAIMEIR2IS:of operation. The invention, rather, is intended
to enconpass all such nodification within its scope, as defined by the

cl ai ms. WHAR\A SmPhihilieblok cdpolpmenighprphidirigear botifoutiog sLisfaee, damnprisingi di ng
an antifouling surface, conprising: a first polyneric block of repeat units

and a second petyTHRIlfieRt BRIk el rb5ORAINIMUka sEQRRI NpFicFRMbIGN bi it

radi cal polynerlz |on conprising hydrophilic antifouling
si de chains bomdg¢obdyménzaﬂb¢%mk@omﬁcdqgmﬁnenzﬁmmd first backbone segnent
having a |l ength of 10 to 200 repeat units, said side chains having an

aver age | engt ajaffirSt block domprisimgrhydndpisilic aﬁﬂlfdullmg)elde dinginssbomdexhtada f i r st
bl ock having a polydispersity index of 1.3 or less; and said se ng glock
conpri si ng hyﬂﬁ@bﬁ@bﬁ’@eaﬁgm@'ﬂﬂ sAl fystieagbonssesnan favinga g‘”ét% FA9dRbone

SeaTenty 9% 0208 [9NAAREPORA SEITRAN hAVINTal SAGL Tefiin RSB 2D 1 epeat

units. 2. Th rel sal e groups, conprise

fl uori nat ed gnmmpmer&mt‘s‘hsmdcrppéahmnslh saidifirst bloek havmgwab,olydlmﬂty sai d

si de chains co e((i;e ene glycol). 4. The copol yner of any one of
clanms 1 to 3, ' f/ ) %I ynmer has a backbone segnent fornmed of an
acryl ate group. 5 The copol ynmer. of any one of cl inh said

first block céﬁ'ﬁ‘rﬁ@é’@dﬂm%}‘(@trﬁm‘@ﬁe f@/ﬁg&mopl%rﬂtrfwﬁmwée@g?ﬁ%%P%‘S%@Oand

sai d second bLagkang backbone segment, said second backbone segment having a

Iéngth of 10 to 200 repeat units.

2. The copolymer of claim 1, wherein said side groups comprise fluorinated
groups.
3. The copolymer of claim 1 or claim 2, wherein said \fsivde chains comprise

poly(ethylene glycol).

4. The copolymer of any one of clams 1 to 3, wherein said copolymer has a

backbone segment formed of an acrylate group.

5. The copolymer of any one of claims 1 to 4, wherein said first block comprises
poly(ethylene glycol) methylether methacrylate and said second block
comprises poly(pentaﬂubrostyrene).

6. The copolymer of any one of claims 1 to 4, wherein said first block comprises
poly(ethylene glycol) methylether acrylate and said second block comprises

poly(hexafluorobutyl methacrylate).

7. The cépolymer of any one of claims 1 to 6, wherein said polydispersity index of

said repeat units of said first block is about 1.15.
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conprises pol y(pentafluorostyrene). 6. The copol yner of any one of clains 1
to 4, wherein said first block conprises poly(ethylene glycol) nethylether
acryl at e woaosaiog2second bl ock conpri ses pol y( hexaf | uor @outsgs2010/000058

nmet hacrylate). 7. The copol ynmer of any one of clains 1 to 6 , wherein said
polydlsper5|ty I ndex of said repeat units of said first block is about
1.15.8. &hd Imsmqh*mer off aryhgnen Cl@fms:ﬂatOr?sfllﬂhQS cpmprisinthathisd biackgifng a

bl ock. "o foBERThatSid e hEhohsl SR ehoRTAR, face! Sompr st no:

an anphiphlllc block copol ymer conprising a first polyneric block of repeat

units and. & sempoditipnifommovidind aslntfoulingatface] damprésing: first bl ock
conprising hydrophilic antifouling side chains bonded to a first backbone

segnent, said peat
units, said sa@ehﬁa@ﬂ@(ﬁ@\g?ﬁésg VST agdrl‘%gne(ﬂgt h&gﬁ\gﬂ%”&g?& cr?ﬁ%%‘lg‘gtum ts,
sai d repeat unnitsanhd asaicdnd Ipbgiméﬁlcﬂblbch@‘#ré‘mea upitb yshig fiestHldok | ndex of 1. 3

or less, and said sec bl ock conpri si ng hydrophobi c antifoul i ng side
gr oups bondedCQmpﬂS'EQEUHEPFBH&%H@U%%WC“% kpndedipa Hist RBsRONGgnent

having a | entburfbnt Saknr 00 cigRRR!s 2ty SidhtRiof 189 gtapokyTer i n

sai d conpositi as a polydispersit |n ex ess.
conposi ti on obnits, said Qﬁe\M'Ierrm maérag en Averdgeciepgthyofel to 231nhm1d1hercnkn|t3)pol ymer

f f .cl. 1to A i, foul t :

composi i on oFAETEPRAtGR iBisalchireloRek nayifs 4 fofAfinersly BaBK phd B ¢! ai m
11, conpri singsg, érﬁk%élﬂ%e‘ézﬁhaM&H@’rhﬁﬁlslh@‘h%@ﬁﬂ%f&%lfbﬁﬂfd’ﬁﬂ@@fréu;ﬁ@g' ons
and hydrophilic é%gl ons, said hydrophobic™régi ons being forned sai d

hydr ophobi ¢ abendesio ageeonikbaelihane sﬁgre@mtds@d@ﬂ@oadpb@lcyh@me segaeshi d
hydrophilic rggbﬁgwgﬁ% g?ffﬂ'@%d) ep%%ltgnﬁgdrophl l.ic antifouling side

chai ns of sai
wherein said block copolymer in said composition has a polydispersity index
of 1.3 or less.

10. The composition of claim 9, wherein said block copolymer is the block

copdlymer of any one of claims 1 to 8.

11. An antifouling coating comprising the composition of claim 9 or claim 10.

12.The .antifouling coating of claim 11, comprising a coating surface having inter-
dispersed hydrophobic regions and hydrophilic regions, said hydrophobic
regipns being formed of said hydrophobic antifouling side groups of said block
copo[ymer, and said hydrophilic regiéns being formed of said hydrophilic
antifouling: side chains of said block cdpolymer.

13.The antifouling coating of claim 12, wherein one of éaid hydrophobic regions
and said hydrophilic regions form a continuous phase and the other of said

hydrophobic regions and hydrophilic regions form aydispersed phase.

14. The antifouling coating of claim’13, wherein said dispersed regions have an

average size from 1 nanometer to 1 micrometer.

15.The antifouling coating of claim 14, wherein said average size is about 20 nm.
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13. The antifouling coating of claim212, wherein one of said hydrophobic
regi ons and said hydrophilic regions forma continuous phase and the ot her
of said hydnomhokize regi ons and hydrophilic regions forrca/sdzep@®nessl phase.
14. The antifouling coating of clainfl3, wherein said dispersed regions
have an average.size from 1l nanoneter to 1 mcronmeter. . 15. The

ant i f oul 18\ s@atiomgomprisingi arsalventvard tencarapeasiior Phglaini9w ¢lainabbut 20

nm 16. A sol gt | i S sol vent and the conposition of claim9 or
claim 10 diqlsfl eeﬁgee%%élégpg'%ggl vent. 17. A method of form ng an antifouling

coating fromthe solution of claim 16, conprising: depositing a |ayer of
sai d sol tTi/ometodobarmbrean Batfoullag $aating front thersdlatidreet diamat e, phase
separation in said solution; and renoving the solvent fromsaid | ayer of
sai d sol ut i(SOARE™IG- sai d copol yner has phase separated to form separate
hydrophilic and hydrophobi c phases. 18. A nethod of form ng the bl ock

copol ynmer  of depositiey alaydrafseidlsdlotidh one@ngurfaseng: obtaining a first
precursor for the first block and a second precursor for the second bl ock;

copol yneri zi ngegtfsdit sdlutidhclo FaciPiate Phass 6 Eration in baitrdItRm; Al
pol ymeri zation, .to formsaid bl ock copolyner. 19.. The nethod of cl aim 18,

wher el n sai d tdnidiieg HRHsGIbnPROMHILA Fffet OF SARBRIIRASAR: Ay LoRAIGHeY T adi cal

pol yneri zation. '20.” The nmet hod o arrm 18, erein sai 1 ving”radi cal
pol yrreri zat i ohag phpse seranataciosionnesepddate; yalrophiligrand hydwphohit phasesnsf er
pol ymeri zation. 2 1. The method of any one of clains 18 to 20, wherein said

first pregus ARithddoPfoPRing®ie Bladk BSpcﬂgﬂ%lrbﬁhﬁ?%héi&fb]aiiﬁhgel??tooé,, 1.3 or less.
22. The nmethod of any one of clains 18 to 2 1, wherein said first precursor

is formed wPmprising radi cal pol ymeri zati on.

‘obtaining a first precursor for the first block and a second precursor for the
second block;

copolymerizing said first and second précursors by living radical
polymerization, to form said block copolymer.

19.The method of claim 18, wherein said living radical polymerization comprises

atom transfer radical polymerization.

' 20.The method of claim 18, wherein said living radical polymerization comprises

reversible addition-fragmentation chain transfer polymerization.

21.The method of any one of claims 18 to 20, wherein said first precursoris a

polymer having a polydispersity index of 1.3 or Iess:

22.The method of any one of claims 18 to 21, wherein said first precursor is formed
by living radical polymerization.
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