AVPHI PHI LI C BLOCK COPOLYMER FOR ANTI FOULI NG COATI NG CROSS- REFERENCE
TO RELATED APPLI CATI ON [ 0001] Thi s application clains the benefit of
U.S. Provisional Application No. 61/202,303, filed February 17, 2009,
the entire contents of which are incorporated herein by reference.
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FIELD OF THE INVENTION

[0002] The present invention relates 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 proposed as potential
antifouling materials. For example, Krishnan et al. reviewed a number of possible
antifouling 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] There is a need for alternative antifouling materials and for
antifouling materials with improved properties.



antifouling materials with inproved properties. [0006] Accordingly,
an aspect of the present invention provides an anphiphilic block
copol yner for providing an antifouling surface. The bl ock copol yner
conprises a first polynerlc bl ock of repeat units and a second
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[0011] I n accordance with a further aspect of the present invention,
there is provided a nethod of formng an antifouling coating fromthe
above solution. In this nethod, a layer of the solution is deposited
on a surface; the solution is heated to facilitate phase separation
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synthesis route for preparing an exenplary anphiphilic bl ock

copol yner[poeskenpl ar y afcoetibptt aantierabpédif piesesent invanionothere is
provided an antifouling coating comprising the above composition. The antifouling
coating may comprise a coating surface having inter-dispersed hydrophobic regions
and hydrophilic regions. The hydrophobic regions are formed of the hydrophobic
antifouling side groups of the block copolymer, and the hydrophilic regions are
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 dispersed
phase. The dispersed regions may have an average size from 1 nanometer to 1
micrometer, such as about 20 nm.

[0010] tn 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 solvent 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 features 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.



[0017]FIG 4 is a schematic diagramillustrating a synthesis route
for preparing another exenplary anphiphilic bl ock copolyner,

exenpl ary of enbodi nents of the present invention; [0018]FIG 5 is a
| i ne graph showi ng representative 1H NVR spectra of the sanple
copolynmer of FIG 3 in chloroformand water solvents respectively.
[0019]FIG 6 is a line graph showi ng the gas perneation

chromat ography (C PC) profiles of two sanple materials; [0020]FIG 7
is a |line gramRIEFAINERGRIPEION DEXBHE @RAWNRGE stri bution function of

a sanple
el ectron

aline gr

curve of

copolymer in a solution; [0021]FIG 8 is a transm ssion

REEEhow vl PRAbHIST BFicR G EE B o ot oty begmentd

dfhiee peageheincemyner of FIG 3; [0023]FIG 10 is an atomc

force mcroscopy (AFM height imge of a sanple filmcontaining the
sanpl e CO[BB!IX]mar of FI'?.':lxc‘-I1 is?é’ perspective view of a coating on a substrate, exemplary of

an embodiment of the present invention;

[0015] FIG. 2 is a schematic diagram illustrating the structure of an

amphiphilic block copolymer, exemplary of an embodiment of the present invention;

[0016] FIG. 3 is a schematic diagram illustrating a synthesis route for
preparing an exemplary amphiphilic block copolymer, exemplary of embodimentis of

the present invention;

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

embodiments of the present invention;

[0018] FIG. 5 is a line graph showing 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 permeation chromatography
(GPC) profiles of two sample materials;

[0020] FIG. 7 is a line graph 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 differential scanning calorimetry (DSC)
curve of the sample copolymer of FIG. 3;

[0023] FIG. 10 is an atomic force microscopy (AFM) height image of a sample film
cantaining the sample copolymer of FIG. 3;



[0024]FIG 11 is a TEMinmage of a sanple filmcontaining the sanple
copolymer of FIG 3; [0025]FIG 12 is line graph showi ng 1H NVR
spectra of two sanple materials; [0026]FIG 13 is a |line graph
showi ng GPC profiles of the sanple materials of FIG 12; [0027]FI GS.

L and RS0858, A0 | BROSF L r TR L BBl AL S e

I 1| ustr ataf ifla.28; procedure for preparation of sanple coatings;
[0029] FIGS. 17, 18 and 19 are line graphs showi ng the tinme dependence

[0030] FI 0038 1< Sf‘é‘%%*.?{‘?%tgﬁé%ﬁ%“@f%m@% e S affbie At

anphi philic block copoly
[0026] FIG. 13 |s a line graph showing GPC profiles of the sample materials of

FIG. 12;

[0027] FIGS. 14 and 15 are AFM images of a sample film before and after water

treatment, respectively;

[0028] FIG. 16 is a schematic diagram illustrating a procedure for preparation of

sample coatings;

[0029] FIGS. 17, 18 and 19 are line graphs showing the time dependence of

absorbed mass of different proteins on sample coatings; and

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

copolymer.

DETAILED DESCRIPTION

[0631] FIG. 1 schematically illustrates an antifouling coating 100 formed on
a substrate 102, exemplary of an embodiment of the present 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 protected against fouling. For
example, the substrate material may include glass, silicon, metal, or the like.

[0033] Coating 100 has a coating surface 104, which has a hydrophilic
phase and a hydrophobic phase. The two phases are formed by inter-dispersed
regions 106 and 108. One of the two phases may be a continuous phase formed of
interconnected regions, depicted in FIG. 1 as region 108, and the other phase may
be formed of isolated regions, depicted in FIG. 1 as regions 106, which are
dispersed in the continuous phase. In some embodiments, both phases may be
formed of isolated regions. For convenience of description, it is assumed below
that dispersed regions 106 are hydrophilic and form the hydrophilic phase, and the
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DETAI LED DESCRI PTI ON [0031]FIG 1 schematically illustrates an
antifouling coating 100 fornmed on a substrate 102, exenplary of an
enbodi nent of the present invention. [0032] Substrate 102 may be
formed of any material and may be part of a structure, such as
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the presepmits iaAM@MydPBhobic (second) block of repeat units. The hydrophilic 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 hydrophobic region 108. The first backbone segment has a length of 10 to
200 repeat 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 independently selected. The side chains of the
first block have an average length of 5 to 23 monomer units. In some
embodiments, 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 (PD}) 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 PD! 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



[ 0036] Bl ock copol yner 200 includes a hydrophilic (first) block of
repeat units and a hydrophobi c (second) block of repeat units. The
hydrophilic block has a first backbone segnent and hydrophilic
antifouling side chains bonded to the first backbone segnent. The
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[0042] The repeat units in the first block may also include, for example,

Zwitterionic polymers, such as sulfobetaine methacrylate methacrylate (SBMA) or
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[ 0042] The repeat units in the first block may al so include, for
exanple, Zwitterionic polyners, such as sul fobetaine nethacryl ate
nmet hacryl ate (SBMA) or carboxybetai ne nethacryl ate (CBMWA);
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first and second blocks.

[0045] In one embodiment, the hydrophilic block may be poly(PEGMA) or
P(PEGMA) and the hydrophobic block may be PPFS, and 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 may be poly[poly(ethylene
glycol) methylether methacrylate]-block-poly(pentaflucrostyrene), or P(PEGMEMA)-
b-PPFS. The PPFS may be poly(2,3,4,5,6-pentaflucrostyrene). 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
independently selected from the range of 10 to 200.

[0047] fn another embodiment, the hydrophilic block may be
poly(PEGMEA), or P(PEGMEA), and the hydrophobic block may be PHFBMA.



[0048] I n a specific enbodi nent, the copol yner nay be

pol y[ pol y(et hyl ene gl ycol) nethylether

acryl ate] - bl ock-pol y(2, 2, 3, 4, 4, 4- hexaf | uorobutyl nethacrylate), or
P( PEGVEA) - b- PHFBMA.  An exanpl e of such a bl ock copolyner is the

duct FI ni' ! [ te d
e f naepddd8h 1y seli ther s embeRin e hine CorliGer Bienty PyGBRb atRIene
di fferent iﬁiﬂmﬂb [ti$er atdﬂﬁa’ﬂeﬁ‘—ﬁ%h%oﬂf 2 @@4 BEﬁném!uﬁﬁoUdfyltrﬁ@hQér?@l’eg
copolyner ifferent fromthe 'nu shown in

o o i REANRB L& HETEMAL TR Eaiaoln e ﬁ@%kmpomféﬁwemrﬁdwtbe
fromz2 t Qs.f%@vn AG! Bewﬁé(r%r"ﬁgeanlde‘ﬂ%rté aifl Iﬁ‘?egie';?aﬁh E@%p%%%g'PThe

to the b bone in a given copol yner var rom
| engt hs dfeladied hankthemangeginthtos2Gihd the si de chains |n t he bl ock
copol ymer may be controlled to have rel ati veI y small variation over

differ ent{oﬁgglgl ymer, Mok SeH! & dr?‘)bo i e%?satth g’fsgcg;tgigg%g%%gﬁ%@dﬁe ok

nano- or structures "an erns
[0051] In ddpowme&gaaydbe tifﬁfméﬂtdmlm trmmnjryhm"s shawd in FﬁSoﬂpaaemln an

Dol yror | BT YIRo 0551 POB P A ariaeT BBy SR TRt Bk s

are genergld thelavewyel IBngihef #id PEANSIdE BHAhY atthOfed®ahebatkemerind Giddn
chem stry in living polymerization. Conmon |iving radical

pol yner i ZRPPHMATEBB/NYHYUOM AdP@de at om transfer radi cal
pol ynmeri zati on (ATRP), reversible addition-fragnentation chain

transfer (6686]T) Pol Y& ldngtd &he BREKIMR! ReH s 863 tHENsidé 8n4iRg in the
i nterchan e of xant hat es “( MADI | ymeri Zati on, nitroxide nedi ated
o%ﬁggt

radi cal poAPSEIHCHARSITRAY RIVRPNTr odtaysirelatively smadivesntiorayeitcifiprent
pol yneri Z%&J'O%ér%ﬁg);ule@ Sk Qﬂféﬁgrﬁﬂ%dsr\ivélhgefﬂ{etd dd- Fﬁﬁt,dr!?

under st an t hese t echni ques can to form speci
pol yner s sructops Epdertediesd rédiecs he6 and‘lOBased on the gui dance
provi ded herein. The follow ng references provide additional general

ui dance ese t i : i .
Dovi ows. BARANS G, | FIBR AERL pediody c@eo*iﬁ%ﬁégEtémc,?lzwoen?”ﬁ#@*%w
Chenmi cal HReskiseansl si@®0Ofaing,ahay HJ@Iorrrpad 2pRing (B)ical polPmezization AR .
Macr onol ecul es, 1998, vol. 31, p. 5559; (4) D. Charnot et al.

Va | S

B auneckdoUel o PRRE faég%ﬁﬁ'sy@%"*za%%dﬁ%%%ﬁ% HochBaiabina e

M OJChi at, aald. invalnethecade diérdeaasicalR€nisrpin (Mi@Ppolpperid&idr. S0&moq7)
R 2009, 10 . 5051-5068; (8) G

Nbad et diing r&ﬁ@@fﬁ?wﬁx'a%‘ffnntsphraﬂuee%@ﬁ{ugﬁaiémg%@gf%r Faica gy zaton

1402- 1472(ATF93£ feveldusd aatitiah- fragﬁﬁ-‘é?ﬁ&ﬂﬂnscr%ﬁn @B@éﬂeﬁ rﬁéhza%@ﬂs

vol . 41 133-1142; (10) T. Yanada et al., uns | onbunshu,

2007, vol ma@'@m%ﬁpufagz@ﬁwzwa Hiriinterghange Wﬂif@ﬁe%(MADmmWergﬁtlon

Journal Sl RagrRkiten P85 VBl ePRunRINRFS: 4491aBRl NPT el

[ 0053] Th@@ymamajlpes(sﬁﬁﬁ’)sﬂz@@ledfpare@l wrise aowvilneadileinderataret howgi on
these technigues can be applied fo form specific polymers or copolymers described
herein, based on the guidance provided herein. The following references provide
additional general guidance on these techniques: (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., Macromolecular Symposia, 2000, vol. 150, pp. 23-32;
(5) W. A. Braunecker et al., Prog. Polym. Sci., 2007, vol. 32, pp. 93-1486; (6) M.

Ouchi et al., Chemical Reviews, 2009, vol. 109, pp. 4963-5050; (7) S. Yamago,
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di stances may be controlled by selecting appropriate | engths of the
backbone segnents and side chains in the bl ock copol yner. For
exanpl e, increasing the I engths of the hydrophilic backbone segment
and the side chalns can i ncrease the sizes of regions 106; and

| nor ease CREMEAL BP PG sA0%ver AReae eblaher By e eoae! AlcraRgaten o

t he pol yn®jurhg&mgiOrensiary, 2089, & feLty th¢o®¢ug®t( caf Md2@l 110t AbERhts of
portions |n t he coatm}ga 0054 The th of eac bl ock in the bl ock
I

copol ymerCegiricBeRespare §; mirflhgon Hé Boridat {16n Toabesla eb gl alfplistsihg
the rati opghnIRABMEIQA Qol. @htbftﬁgé a‘ﬁé“(ﬁ1 n)gdao%ad%"t aPyANQ{@éFH@E rnal
pol ymeri zation reacti dn tine Tor each polyneric component Y
(thus conefr@hemingy.t3R95pesicedit g 8784 160 Ry medmateratrepodusas bekBRpl e,

expost ny e ER e BPE e SraS TS BT gi ng The envi ronmental "

conditions (such as tenperature). The side chain |ength can be
control | 0089] u3|ngTUbéﬂeﬁnnmznmhmmmgshmgbhsdﬂﬁkmdehewsﬁdeegmaln

length. [0055] When the bac | h d the th
the bl ociRARETS By Daraento ey Bse oM Araropus Bievils of BEr kb oe |
and the kwetemopad y,rmrchaaasnh@l@wg@dkI@MpdaiymeﬂgFé.aé&t@g;blenﬂbbe@@rngzﬁél on

with a PDI close to t he copol yner can have wel | fined

brush- | | KBNYHE Phitie *&w&@pm& PRGQONASCTEH! Fad Herside, ching gan jnegease the
struct ur &i5af &18glofs 306 OB MRS sﬁigfme%a@h bhiHe Hy%@omud @éck%bﬁ&k with

| ong side chalns attached to a first bone segnent a second
bl ock w taegawesé@anwcma@seotbﬁent@égemm distanoap bistaen r@gg)ngﬂdll@ dHminges in

iner e S8 g1 g 0 S, RO RS M e

t hus resemaliingg t he brlstles on a typical brush. In a brush-Ilike
polymer, the long side chains are typically are densely distributed

bl ook mytOBBEE one’ ThRl iR EPedtn HO60nAR SRERTobRM e Beh B8 cebliBhed,y
Wi It Ih gD][ _e:iurfmgghémal?ncpjmesﬁmytajjuﬂhg th@@loﬁmfdﬁomdlhﬂem mm?’[@rfor each
wel | -det i ne S |, Ke OCK C ave  t sane en .
0551 Thaock B DR a bl S e e o B Rt S8 Ao PRaRas eeT g
coating ](QQ)CRPQHUQC&QWI@ tAPlpetdertagh OF cdrBled MYrdniERY. P6r addthsedeby

requiring that the repeat units in the hydrophilic block to have a
PDI of 1.RPlypefizajion r@@@wnﬁaﬁbs@wm%d & RSREER GNPy ePPraiaddiai ns
inthe c units
of the hydrosnerritel Bt @ chehahthe Snffodgfets RGiche GheR

[ 0057] COatsmm@er@ mdyelsedecgraie lengih £3n be caeidoleddyr ehingydifferartienonomers
foll ow n el f an enbodi ment of the present
|nvent|oﬁNﬂﬂﬁﬁgﬁﬁgcﬁﬁﬁggﬁfﬁﬁgﬁ]|s di spersed or dissolved in a
solution. A layer of the solution is deposited on the surface that is
to be cod0885] such W&enhbe bapkimnefIanghefanéubsBldatoéﬂamengﬂﬁenn tHel l[dock
pur pose, i.n the qu i,on nmay be an or vent

ot or - s RHT g o S8 R B Sasib TRl el AR opls KPRl i
1, 4- gi ogamedu@drd oy Wfing radidal lpblwmgtztaﬂbma{]ta a PD! tlbss td ketheEhpolymbuba@n
may be Sit sin ui t e, techni as spin coating,
di p- coat ﬁ?@' 'gﬁ H’@ﬁ’gEf”ﬁSi dﬁ‘ YRR $Hycur FO@@S]S@gﬁ@é?iPe%pH?h tge

bl ock cop@&%ﬁ%%@@@@@b& @§r§@ﬁ§ﬂrdct@@qhaﬂ%r@ﬂrs%ﬁﬁﬁ vﬁﬁﬂéﬁ@%id@rbh‘aﬁas
the surface under suitab conditions. The solution nmay be heated to

a suit abl &tacsppde atfwté)acbh@w segraphandia sendjogkawith atsap@ntha@@one
separat i t h ed
o for m easlfehey SEhit Oy ok Rl RHERAPISTERG 85 SRR YRR 0
sol vent napgihe withimoz eelativalg halaewbyn@/ap@aaa dletmbu[emi)eﬂéﬂ@me firasthankoene

the sol Ventgmer% fis Fost n%i%tgetge%rrllgtléshgn g%%)lgali rush a1¥| a brush-like polymer,
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may be subject to heat treatnment by solvent annealing or annealing
above the glass transition tenperatures (T9) of both the first and
second bl ocks. For exanple, the layer may be heated to a tenperature
above about 100 C when the bl ock copol ymer contains PPFS as the
second b

l,ock. Such treatnments can | ead to thernodynam cally stable
Shase sedl G S off PGa AreTaiRe g BHRORIH0 bieraskosie Fif s
regard, tdianfné \eih bbb 98t Rahedradibldtkandy BYV Hiad 1ol siubichi®r Avi de
favorabl e t hermodynam cs for both hydrophili'c and hydrophobi ¢ bl ocks

in the JepdEmENAINES A UsARIie Withgharedhen My monBrepslipndherang bide

di ssol ved. 2¥e)] 17 4-.di form
ri 1 uor o Ssang WPt SRl HEE) RRndisr I RS Rark TR

sol vent (such as water) favors one bl ock (such as the hydrophilic

bl ock) oM€05&lhe ot hERussthrckiogls aepplwset indhagdmpehdbn cised drfoym adasing

bl ock co r i i - icles: |

ol ut 1 on IR RNl BBy BE'- B3RGT e alb b RO e B &) Fcbdnétfe e
sol vent, repeatrstalin theghychaphiighlbels tonedve al @Dl néd.3nanespatteasabofi

i nter-dispersed hydrophilic and hydrophgbic antifouling,regions.

[ 0062] The' £ ol MedBB DReieraiiFiL0e ZBRaimEn RO BPbos rraidess: and
t hrough ahemegst unRnEl the HyekopPBICRISEH foaflso ABIEHIFD| RANB & 18sd.t abl e

group in the copolyner. The substrate surface may be treated before

coating t ovi de anchor | surface nol ecul es for this purpose.  For

exampl o, DA/l ubst r Gpaina 148y e Bucr pal Bames AsPereinscodhs o)

groups atgragdedekémplagy stdrf aBodiFRM 8ntRPrb¥entWhRintibRe TRERRKNES

i ncl udes a PPFS bl ock,” the copol yner may bond with the surface

t hr ough rfeEPEEIHIIS Hispeissgor digspyadirasoiwirnbdt Mgeroighe aolptian ns in
7l . .

pent a U%regﬁgﬁ%ggmgﬂfewa%m A908'c0HRY, LIKH a0 HG0BRARa S bAGIRHaL

0
t he surfac n an organi ¢ solveht 1s u e coating nay
have di sci0ét g carilds giuspeses e $opdima rhihiei solutiegi roag bard agatinsbivaos

hydr ophohj egj.: i t] sho L, El G 1. 64]1t is

al so pos&' %ﬂrﬂ) ?'6'94%? ﬁf%“@ogaﬁ?eﬁé%athﬁQ‘HF@%reﬂé}Fthéﬂamai@'a@l[ gglbd"lxa”e’

hydr opholshrafegi, diiso@ndusnecanhé mgguﬁwdm%mmhm_ d. Ey berdepbsited Js?nj anyn such
a coating, .t he above process may be nodified by using a. polar, .

ol vent | SO EHI S SHEER B ndt PIBrroRHyS NSRS o the e
initial layer on the surface. In this case, the hydrophobic bl ocks

wi Il forrioossy di speCsednprageinansdodieoginghenlbahiseifkiseekdiwaid uddsrgd

t he conti nuous phase. [0065] Regardl ess, the different re]gi_ons
(domai ns)PIGHe SRBAEYHARN cRghe gk faegunder suitable conditions. The solution may be

heated to a suitable temperature, such as above 100 C, to facilitate phase
separation in the solution. After the copolymer has phase separated to form
separate hydrophilic and hydrophobic phases, the remaining solvent may be

removed, such as by evaporation.

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

provide favorable thermodynamics for both hydrophilic and hydrophobic blocks in
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may have characteristic sizes on the order of nanoneter to

m cronmeter. In one enbodi nent, the domain sizes nmay be about 20 nm
Domain sizes refer to the average dianeters of the substantially
circular discrete domains, which are, for exanple, forned of distinct

and visible features_in a mcros ic i e. The size of a dommin of
Fha tont NG SEEoHAEe PR BN BoNN PG andd UpinponTaarine bp shanved in an

bet ween %rg§ﬁ§%oﬁf@h?§tﬁiﬁasdﬂ4ﬁi1043di8§aﬁehénl%ﬁy%ﬁ?i%o@&@lﬁ@ne,-Ehﬁeqliﬁér.ai n

si zes can be neasured using any suitable technique. For exanple,

section analé}s;i s in Atom ¢ Force M croscopy (AFM, Optical
M croscop$08@hd Tr ashalutigzhineviieh thsnsalyeHdsudys vaten) faweip ane hleed t o

det erm ne(sg&?agwl{fﬁﬁﬁéblob@ &é?tf?é‘&%'t g@g%fﬁ%&ﬂ%&ﬂr g6’ MYy

be neasur'ed usi sect1on ‘anal ysi s. resulting coating
may have Hoatg] theddddkrapoharesnayaisaseli-gseodbleAnfoundriveparticibe i tnent

rel ates ts%'tﬁgﬁ'?&@@gﬁ%g@?&g@é”g t he bl ock copol ynmer descri bed herein.

In this net 'ymers for respective hydrophilic and
hydr ophobi ¢ bl ocks are separately obtained or prepared, and then
copol yner[D26t] t o f o€ontdnéerdlypaltgmremadegl ofi tie sglveat]itteatespbihgmeatizathaon,

such as AT [ FT. Tq, better. control fhe l.ydi spersity .i.n the

resul ti n&@g%%fr&?%%noﬁa&%?%‘a mBe& ‘ Ir%ecfl\lmqggﬁ%% @ﬁﬁﬁi?p%%blgel ect ed.
For exanpmifoinglrégivhsor polymer may have a PDI of 1.3 or |ess, such
as about 1.15. The precursor polymers nmay be fornmed by living radical

ol yneri j to bett ontrol their po i spersity and .ot her

P ovarti 0B 060; e Flogk SREPRInG' By A e R SetTasE AOHeC BT oHal | ¢
bl ocks anshemiigf bohadingodtResMe stifask neda vABn sMbR drobs if dlemed by
l'i ving radical po%erlzatlon to better control the Bgl di spersity of

t he resul3PRY M odliietsiibshaterhefagaima b irpaled hefrreSogeng iaPRVidengt hs
S heo _ . . . ;

oo SoeRRohfofikvo CRIEIER0L o ARl AL e R8T

hydr ophi |y aadrehiast loghovide andge OWidz) giotpreaitachiedrig thausdriae,

0069] Ex L ment s. af ' i te t

ormontt TR OB R SeBbatd el R REr SO Bachanurs 5 ©°

conposi tions 1 OCK coporl'ymer
[ 0070] Ex engidawivh tetsadiace nhreugh ntbleophits enbstitutiocantacivrabstweerlpateFt 0

nmet hods fqor form ng,the copol yne di scl osed herein. In an exenpl ar
br ocess, AACPETE PORRALAIStYIaN At ReryRPB SR YRS B Boie BFRD Sfiacdep e he
pr ecur sorgyifaeet he hydrophobi ¢ bl ock are obtai ned and copol yneri zed by
living radical polynerization to formthe
[0063] When an organic solvent is used, the coating may have discrete and
dispersed hydrophilic 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 hydrophilic region. To form such a coating,
the above process may be modified by using a polar solvent. For example, an
agueous solution may be used to form the initial layer on the surface. In this case,
the hydrophobic blocks will form the dispersed phase and the hydrophilic blocks will
form the continuous phase.

[0065] Regardless, the different regions (domains) on the coating surface
may have characieristic sizes on the order of nanometer to micrometer. In one

embodiment, the domain sizes may be about 20 nm. Domain sizes refer to the
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bl ock copolymer. The living radical polymnerization may be atom
transfer radical polynerization, reversible addition-fragnentation
chain transfer polynerization. The first precursor for the
hydrophilic block may be selected to have PDI of 1.3 or less, so that
the resulting copolymer will have a PDI of 1.3 or less. To this end,
the first a\fﬁf%ﬂ@&k@t%w e sWistadialy crewandserats danaips) yhishiazatipon.

[ 0071] The 8 a

the Exanny S A onted B b SR a8 Y n o e Rcoble ibB S TR 128 o
synt heS| sa rdoorairsofftbe caniyiuces mapelnyapebe oansidired es tfie averbbe siistance

componentlebaCioRhaEapuce SRR T olsefpP Rher 1Y BRI e Sianee o

modi fy t hmeamm:Iuemgranymgsleft@chrﬁ@nén Rér &y Pé VRIREti6OBALYEE N haseid on
t he gU|d rovi ded therein. [0072] The coatlng convenlently has

anti foul | r@C%Mﬁéﬁ@ws (A5 OpticakNicraseapipl and TeBewissiage=/BaiForac! e

settl em?rl%cr&é?;@ﬁ? ﬁQW?rrHy%B hded fout&mahé ik &é’rﬁéuﬁ@sﬁ’zéss IRBher ogeneous
and is expected to be useful for reducing settlenent of various

bi onat er i @inkodimgnt,dhe damaitcsizes may desveasuredusingd\fov! gasicnanalysis.t he
anphphilic bl ock copol ymer can self-assenble, it provides a versatile
bottomu oach f r es. The
bl ock cogolgeﬁ]i;r S deZﬁ)? f%f@r@gdga&%ha np:ﬁ}dh %%n%@%ﬁtd?gﬁéwgﬁ@%@g I %gs
formed from such coRonners may t hus have application in various

fields ir8Pfdl ng na |fwéler@rmmﬁ%maﬁtrel%$ ithg metioad af feoning)therplosk

fl I

reduci ng SBE et P RE A 8 e b SbGb oLy BEISsHBelb .

U va, or W@@ulicaandmydrop}nob)ebtmgki; B $eEhratelyashiaipad tor ptﬂmalred tw«irtyenl t

IS expecte oat su fac s fornme rs are
ener oot ey e Tt e EvaRa Y R e abaRure ARA S Fon,

t hus weak@mngarmafmdh@sew &intrentielpadfdigpereint initee teyuingreopogaidrsm t o
t he coated surface. For e hﬁi’ PPFES segnents can provide

char act erR'§¢47e8r B‘EJWP?GEFSW'It &y %ﬁ'g@edhfﬁhe@f@%célm%\’ﬂsqrher mal

resi st anggylymsdmdy %watpmeofaefs Br 38 SSRIVasLARY 105, T HsMDsoBegnent s
can potentially introduce other desirable properties to the

copol ynerkelgueis raay kademesanulbing tadical galymexizatieryto ket control their

bi oconpat tance to proteins. [0075] Exenpl ary
copolyner%ﬂwﬁéEﬁggpgriﬁgbkggﬁkgﬁgﬁlngs descri bed herein may be used
in marine anti-fouling applications, such as for form ng non-toxic,
envi ronnd@P68} i endl W aihexemplan efgb@@atanhgée cTimgoBeRitiatyseinaly ot and
applied t |§§$: 9!9 oatlngs may
conven|eﬁ??geﬁﬁbéﬂfﬁ%ﬁ%@% HBﬁﬁéﬁHgyﬁ@@ Zn|c§pﬁé¢@gﬁégﬁ B

chemi cal / Frcéymamuamh tsbatiet canfiol He paygaperdity of thonesudibas prr@gsctbmmiﬁt!e of
ot her antlf ulln ol rs S ch as met h i | oxane el gstoners,
e ext ATk SRR RS S i AR b chatBe Bnglg F N R Y. BhovG
As COWDarﬁd:fémmg(b@htm‘@ﬁ)rmﬁfmﬂ] chhacdﬁﬁ(ﬁnmhbﬁﬁﬂw% welifdafiae@paéymer, a
coating faqrnmed philic bl ock copol ynmer described hereinis

nor e ver ?F?Efrée‘?gg(%PH@"‘Féf‘?é‘b/di%ﬁoﬁ@ r@ﬁ@@%@ﬁ\?@é@%ﬁi%u@% der
variety of foulants, such as various plants, algae, animals,

bact eri a,[0069F oOr gaﬂkérﬂg|arpémbasln{édf§ef ﬂw@%@&ér{t henBsPaRLaEiidas
exenpl ary enbodi nent s copol yners
compositions that include a block copolymer described herein.
[0070] Exemplary embodiments of the present invention also relate o
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
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descri bed herein can be used to forman efficient, non-toxic,

antifouling coating, without relying on biocide release. As the block
copol yners used to formthe coating can have a well-defined structure
and a | ow nol ecul ar weight distribution, it is easier to control the
bul k properties of the materials used to formthe coating, which may

i ncl ude rRICHEFAROAMES: r HifgtvHIO 1AiGsh BPE\RTIZalRT Mak beriemyiransfertadicali ke.
Th ofi t.h ) g
e Strucignperiioh! %vg}s%aé a@@ﬂ%hﬁ@@rﬁ%@ﬁi@m ﬁgﬁéfepggé]eylrﬁgﬁfétfd c

adsorption of vari ous bi omacrono ves can uced or
m ni m zedl fenfirat piecuisor & thevhpdrophillie bloThendyl e keleolsdlty fmave PR obé.3 or

effectiv [ j ul Ve | ea Y.

o oot Saf T 5h Ry AR AR S5 B0 AL of B 8, he
| i popol ysfasigivacirde; may belferrhédk by livihg radiedlipatyniaizagidnf r om t he bl ock
copolynmers may also facilitate the rel ease of any marine organi sm

hed i o f | he fl |
have I ow BAFIECe “enbhg i ariitany i Bicertey et Rhe Rt BRia BB o
renove arfxeaabplas.nad choel dpredigiat setspbefinphdedoest &6 spHth@seroutes for

[ 0077] When t he anghi philic block copolyners provi de nano-scal e,

pat t er nec® 4T CORPYME" Sty iRy e thgse Sﬁﬁ?/ecg@ 'Be d@MAlg&denanding on
expect ed th@%fartﬁema‘rfp%ﬂ}nﬁé}% &rhpSHeRRCYs AP A OFver 4 E@fs‘@mfs‘kﬂl'eef?ﬁ LA wWAe
increased as conpared to antifouling materials that have |arger

st ruct ur € gletic awdiy iexaraple precarses f@SOMNNG MNgigiven upalymaT based

br anched. [ nected that many marine foulants are
i t‘Pﬂ['e ﬁ%r@gﬂove e(lgjg e

| ess Iikecfy an row on a surface fornmed by the anphiphilic
bl ock copol ynmers with nano-scale antifouling features. [0078] Wien the
bl ock cod@Py2kr is Tl aeatingi adnvaniently hgs aaiifouling piopgriesiandtdapnior

process, S AL [ PR onvenient to control the
structure@gﬁé&cdéﬁoﬁﬁ%?%gﬁpisg tleg?erﬁhe resul ting product. For

exanple, the resulting product may have a wel | -defined brush-1ike
struct ur d08nd] a | owCpovarikglyetts toatingdexacais hdieroghred cadndisraxpecied

of the pr.duc be .canvenjent | ontraolled, th roduct. s bul k
el e Bl RY SClE B E AR i AERL Sk “and
m)mr) pgpl og‘yéle(aa]? oﬁLG&ﬂigP@rgamsmk Q.: antthy amﬁhbhmb bk cbPORlel cagxempl ary
enmbodi nents of the block copolyner, the protein- resistant or

repel | i n983§85}%t'50rewﬁe%é V&??aé%"@@ttqrﬂ UPHAPPIRART o P NERD Sigr . A
brush-1'i kestslogREsILs FfiteBl ThedFo M UdERImGY eash S IRAepXRA§Ur €, thus
resul ting enhanced antifouling behavior. [0080] The surface energies

bet ween dioMRasdinnsiangiapatings fasmeaiEm AuEheoRUIBEIFTERY B B¥equi te
arge. it ArEARBYYIE elS itRGeng haPEIbARbLARRG, coat! nas, a

| arge surface energy erence between erent ks can lead to
sel f -assenbl ed m cro/ nano phase separated surface structures with

wel | - def i[A884hydr ophee@reple, fupderpine anaiBR& ermpanarieartepeptadter ns

can creat i gha: I t I

b e ords SeityB B iy M RARERRNS YAV bARa Slgae, suyon as
i nt er act i Ghrs, eaclavrici/agWithona heisgdinetedi toang iparticular theorexpeaxpdcteddhat
such patterned.surfaces .can mnimze npn-specific adsorption qf

o1 oy orioP Godi i URE (B b S e R gt o doRtSTH Rt brre for

| i popol ysaemhanhdgscopiesie dakemeeh ofns aekkeaningeeadvasve strength of an

(protein/glycoprotein/lipopol ysaccharide) nay have affinities for
ei t her hy‘?j"r%%ﬁ{piﬁigé %Qami?'%rt%'?ﬁ Fpzied sHffase s ol &En enaP i segments can

fluori nat;ﬁ'@vi%%ﬁﬁa&éﬂs%@%gﬁ?&{ hiﬂo@@gé%beoénetr&ﬁ A ERGRICES 8% t?n@?rﬁglw

such as to the range of 35 to 40 nd/ (cortespondi ng to water
cont act degistancef aggheistingyetsellassambohehayitd. PEQGEMAIBagManss kaof

CurTace diaPary RENES S RE TR abo PR AR RO E IR,

or gani snesaunzligy, lawnbricitylhiglobiceompatibilithanshieamdf resisngene paiteids by t he
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friendly, non-toxic marine anti-fouling coatings, (b) anti-biofouling
surfaces for the nodification of biological inplants, (c) patterned
thin filnms for biosensing as well as encapsul ati on and rel ease

appl i cations. Nanoscopic m cel l es conprising these bl ock co-polyners

coul d be recursors to shell-crosslinked/ cor crqssl nked
anopar tIBDE) for | R EEN RHTTE) CaRROSHA. srabpRIiES Escrieg herer

rheol ogy AR@hé iUGES il r"hahﬁ@ aﬁ@%ﬁnb‘-‘aﬁpﬂ@é’fﬁné)/s&’h Ahbr ARG ﬁ@iﬁd?("cs in
sel ective solvents. [0082] Exenpl ary enbodi nents of the present

i nvent i orerwr@nm@nt-fﬁ@ﬁdiylarmé‘@vlatge@axmgﬁ tThe cpalinapinay beepppe@® whi ch

are not i peadad: Lo A6 dsidibh 3% %QHQB]W Frg? h%&%;&s@%@ﬁ%&gave

materi al s nentioned 1 n hese examl es were
unl ess otlrhnprwe&;iélfstp'ee,lrhece}tanldﬁéphmeytnq@oby(:leﬂmychlémeclgﬂrymjIs)abiﬁty,raswh =

750 g/ nol f d VP 50.h i ..MPEG h |
(vr, 2100 et K Somg oBRabtingo oo @b bbby e g f ot
E |r:. :\/HE %2; Qohineiey I8, ;td};dghdﬂs NPEN: -qu@em;t famectda:wh@rsetah&bmatmtia@m'am

Y \ ent af |, uor
oA it RtRoBSE A rparadlo BERTEs (PR 8t { PERD b ol e
t hr ough aboaimgfarncal aimn atrphipeifobiecls taivimiez desarihed kérain iSTmbet veydatiiel ae
(9979  wps1a A e LRMAEL NS T ARG 38 | BihnR el TR Bl 58,

bef ore use ob sl ned t
Cheni cal gmimalelpdctetadniCQaiganic9eo9r t'Weﬂé«eobt ained fromAl fa AesarTM
[0085] The starting materials were used as received, unless otherw se

f 86] P d
CRPC! L 001000 P 2Ll i SR O ESS SRRl rs

were r ecdieééﬂb%-hh%tfeﬂ‘r @ﬂ{bbe noed iHerypeceffigael apn t?@@%’@@&ﬁéﬂ%s
were carr Wi ing a
Wat er s Zé'gg%gﬁsthéhgfo P{f %Cga%m@%&éan Jé%%h%oﬂrlgﬁ%@iﬁn%% u;sggtné gerrﬁ\nlléé

det ect or qoAtingran 3420 p woll-defmedstrotiurdned aghemoneadar weigeadisBibption, it
Styragel .col um ar.ations.

The oo U SeHHT faanighln BRRsH p Rl st Blo RS REBSLHY

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-scale. The block copolymer may be effective against many
biomacromolecular adhesives released by various marine organisms, such as
protein, glycoprotein, lipopolysaccharide, or the like. The coating formed from the
block copolymers may aiso facilitate the release of any marine organism attached
o the coating, as, for example, the fluoropolymer segments have low surface
energy and consequently it requires less energy 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 brush-like, 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 siructures

which are linear or branched. For example, it is expected that many marine foulants
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[ 0089] Transm ssion el ectron m croscopy (TEM inages were obtai ned
using a JEOL 2100 transm ssion el ectron mcroscope operating at an
accel eration voltage of 200 kV. The TEM sanpl es were prepared by

di p-coating a carbon coated copper grid with the respective sol ution.
[ 0090] Fl uor escence neasurenents were casri eg out on a, LﬁS\%EQP

| umi nescéhtEss febtlp SRR apd piour ol H I3RS PIMEQHY IR BPEDRHARRFK

BI - 9000A—Eo@b&h¥e@é wiHiReBIdealePd Ao R gk or the differential Iight
scattering (DLS) nmeasurenents (using a vertically polarized | aser

i ght of wavel ength 632.8 n The DLS neasurenents were made with

3 .
the inted99€81 correfVaendhe PQHE@P%YWEESJPEHG(&W“B a lviseliogicdt e of 25 C
I ( ; . f ' | .
(7 35 PSR eoa o el SR e
Sanpl e | stRCPESVEMNelai PRFSYISDS] iBanpsudting masiuph epsiresdmgpts dhali ng to

t he synt I te dlLl i 0 Fl nd furt her descri bed

next . [085%@@ Refedict *ﬁﬁ?ﬁ%&%‘%wv%’s@%wg s B s QT An P 2 (0. 133

mml %( vvagao@imlrsl@dndék.d/k% at dPHHﬁ'ni(:aliﬂrunitu)re iohthee pimgucﬂejar blrefnmﬂrghifghtlpw
ask under  a equi ppe {th magnetic stirrer bar ol | owed by the

addi ti on COMPISthin PRFERE pek FBECTRIBIPEYS 516 hge MePhan Sl TG vias

then coolsgetabd ehBRfySahd nBrsidl6§y Salash VedtinQERERIE cAHTRMBY. Of _

2- br onoi sobutyryl brom de was added drop wi se. The reaction continued

over ni ght _under argon atnpsphere at room tenperature. After _

filtrati dROGHd eva Br‘?a(?mfi’éér @IWMfﬂe‘Etﬁ@fﬁff%ﬁf%'f CorRlyaes bt Pedeinn

vat er  anqegxiahfst Rfeihl RedeRl Lt B RRBRGInSAY Bcdh eHIcRIE maner. A

yel | owi sh ol | Mroduct waS recovered after drying over MgSO4 and

dryi ng uridesh-lkecsituptiane a0 poovigaoptimabsuréace ayep exppswd, thos hesuding as

" MPEG750 4Lt} : Sanpl es of pol y(pol yet hyl ene gl ycol

net hyl et r?@?hh%ﬁg@#@ﬁ“g‘%g‘ﬁdﬁ GVEMA)) were typically prepared by

ATRP as follows. MPEG/50 initiator (0.11 nmol) and MPEG net hacryl ate

(M, =11049080173 mmolhe swfasedinssoks betwaeredifiancst inddidiahblocks it thee (4

m. water Sl na k.t [ ' . etic

tirrer sepoviie CERAERR e RS SR ety Tug ¥ LERS D Wi BrdlF

coalings, a large surface energy difference between different blocks can lead to

self-assembled micro/nano phase separated surface structures with well-defined
hydrophobic and hydrophilic domains. These nano-patterns can create high
potential energy topography unfavorable for biomacromolecule settlement by
disruption of the protein-surface interactions occurring on nanoscale dimension. |t is
expected that such patierned surfaces can minimize non-specific adsorption of
biomacromolecules, inciuding proteins, glycoproteins and lipopolysaccharides.
These biomacromolecular adhesives (protein/glycoprotein/lipopolysaccharide) may
have affinities for either hydrophobic or hydrophilic surfaces.

[0081] The use of fluorinated blocks allows optimization 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 (W agnesion & 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

knois. Thus, these copolymers can potentially be used as {(a) environmentally
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cycles, followed by addition of Cud, CuCl2, and 2, 2-bipyridine (nolar
ratio was maintained as: initiator : Cu(0.6CuCl + 0.4CuCl2) :
2,2-bipyridine = 1. 1. 3), under argon. The pol ynerization was
performed at room tenperature under argon and term nated at
designated tinmes by exposure to air and dilution wth THF. The

pol yner i ZHe1d RBr-igricoRanipe arthnlipa coRings. & a-Rivior vbs Ehcemiot the
renove CqRp&fic %%f%i?gigé‘ﬁﬁg%n%‘?l(&%ﬁtte‘(’@e% {hmmopﬁioggﬁéﬁ%as well as
evaporation and the solTd product was recovered after precipitation

i n hexanengagsajemgnd relezesuapnliaaticr®. BaoossapigmicellFheoppdsing theses

recovere L.DJ i i i m at
over ni gnitBH oBl BEHLLO AL b Tkl ATHPReC AR /ol PSR PEa
[(()09?3}\/:E n ctrhﬁlisbérséagmmmbl rticiaafon c;jaxg aalsicon (?rmetgwllaﬂestaisiawbﬂc) rheo:]ogy

P( PE MA) - h-, PPE i bl ock. copol yner s for TRP using.the

P PEOVENATOERSITE 1R ot IR (o) B ARAtS TSR e O OE ol )
and pentafluorostyrene (15.2 nmmol) were mxed in a schlenk tube and
deoxygengoes2ipy fOUFExérﬁﬁléaeerﬂbmfﬁeWy\betﬁé|p®§senﬂ4‘%nﬁd§\da@\i@ﬁﬂi€f (111
nol ar rat'hg)rt wer e, tg‘ﬁ%rjl1 zd ed to the m xture under argon. The contents
were furt ra&%ﬁw% feEavihg SRR &FTeREAQ IR darhin RS EMENIThe
schl enk tube was transferred to an oil bath maintai ned at 100 C.

Chai n ext[gps3jons ocexAREdEd 100 C, as evidenced by the attainnment of
hi gh solution viscosities. Polynerizations was terninated by THE

di lution exposure to air,, prior to copper renoval on alupm na

col umms. [$ﬁg4]bl ock f@&m%@l?e”&%daﬁeweﬁw RS SIRTR§S V@Feegmég@aésed

after pregidid, ahie2R difeliedcard. Wathogy gMg(élﬂﬁygéfﬁe g’;zpﬁomuﬁw =780C.
-li’ke a

The resul ti n? Sanpl e | coLgoI mer was a brus i philic diblock
copol ymerd/gel peierentmeas-\i Eﬁééo@@@HFI@GZnﬁhaCfMﬁienB‘&Gg?PE)@éTﬁ@De?-I .

Synt hesi b %AQ -7 r@a@gh I .
pr epar edsoqu@gr ?ﬁ%igr?ln@%g/gn bst}@dfd&'{gﬁ%#@ﬁ@fﬂ} at @h}"ﬁ?’@\aﬁi" and
as furt herentdesethyldéaihyiexetrianOGOEFNHPEBAA(G96HD potl Prikd , SsaapphteBuavesiyrene

formed by, F . SC Gyl > 1 xture of HFEBNVA
cyanopr ongr aient SRBISELER AR Tk peBiBlBRD et vk recy ey
was f or mgghseingthronigaralurainiaas|wofin fd-FMAe $t8R0Br tFe2() Pusthylamine (99.7%)
[CPDB] /[ AIBN], = 3. .,The reactjon m xture was degassed by 5

[ ooz bpurR SHAMEFCIREE R b BRGTFH Our BOPCHET ReyPe DRSS P70 C
Af ter abaigbyrikiie (ggur%La{as ebtdheal 1r59. StidiR rRAtE4e™. NEXCU BRI \BRT, (99%)
guenched by placing the tube in liquid nitrogen. The crude pol yner
was preci'¥is ebtadedirae Afadesan’- t o remove ol i goners and unreact ed
nononer. Pure PHFBVA pol ymer sanple was obtained by filtering the
precipit qbes%dr YTRE st muafidiwéerusta ¥ ecaled AR ILIRERALAIN €.

[ 00100] P(P EGVEA) - b- PHFBVA "copol yner sanpl es were formed by RAFT. A
m xture dPePEFBMA, PEGVEA, and Al BN was dissolved in trifluorotol uene
and transferred to a schlenk reaction tube which was seal ed and
degassed [hygey f r eezepiERs (BN w%é%ob%{;ﬁﬂﬁ@é MI-A8880 Pla; QXY LE., M Ne
typical molar ratios in the mxture were [ PEGVEAKPHFBMA] "= 200 and

[ PHFBMA] /4608 Ba)3vergmeirehesedifiom Altbishwas t hen placed in an oil bath
pre-heated at 70 C for 4 hours. The reaction was quenched by placing
the tube jhigt] aui d 1 NARIEBeantwBIFEkBldealdfl BRI Q0B YhE LB o dlE,
cl oudy ether solution was centriftuged to renove the pure polyner by

decant i ng t he supernatant sol ution. The pol %_rrer deposit was collected
by redi sd8P%8hg t heGEfuaralyresvere darvieshdwrinflbinatadfd°G wih atflsav mje of 1

evaporati t I : i . . 24
nour s, [ 005 uoB NGB aesR s SR el i i BRI At i B
nol ecul ardetectgh{¥atees 242t Aiseeids bytuse pgenbrhérmeimeantlian Statgeis of
fronomer tC%llEFQI?S fgbzbl qOi,ra%rc]isifoer/f\)%\ge?gtu'sed for the separations. The GPC was

calibrated against polystyrene standards.
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[ 00102] Exanpl e 111. Characterization of Sanple |, P(PEGVEMA) - b- PPFS)

[ 00103] Sanpl e | copol yner was di ssol ved in an aqueous sol ution and an
organi c solution respectively. The solvents were deuterated (denoted
by "d'). Self-assenbled mcelles with PPFS segnents in the central
regi ons (cor&) and P(PEGVEMA) segnents in the R/Ie“ pheral regions
(corona) ke obserw@smm%elaah@w@crgmw 3! [’W@Q@ﬂ}"ﬁé@)@@@&%ﬂatlve

1H NWVR S?%‘E g{ 2 oS @aﬂsnﬁ@s;@ﬁéﬁéﬁ%'nﬁc%@&%é’op Ou:,?é ?f}gﬁ %?é(%(@l%}loﬁnd

d- wat er are shown whi ch
assi gnmentadtage r@f a0e kMol bé dEM samplesiveare padarethb tip-aodthig-dcatbed. 1

ppm, b (5 ~.and. c, (8 - 3.6-4, 2 ppm) can be assigned,

respecti veq%%?éf%gf@r@thftp%rﬁ??ﬁ‘?@t"ﬁ%f‘ﬂwig@roup (-CH3) attached to

P( PEGVEMA) backbone, nethoxy (-0CH3) and net hyl ene (-0-CH2- CH2-)

prot ons dD096E PEG EIUdBeschad:mmeatudé('rl&@xﬁb’@ cdntied buaod atISS0BEG
initiator, conbi ned. ch % @6 1. 8 ppm represent backbone
prot ons oFMYIRECRBIESRRCHONGIR (%ﬁpfi@?r 1H NMR signal s of PEG were
observed in d-water, but signals due to PPFS bl ock were absent, which
suggest eo[ot)be] f or maAiByookifavieh EI0B0ATJY kg FescdNel RO PREVEMEY fdr-1PFS

bl ock nwatr t FS buried in the mcelle core (not
o coces IR Pl S tlor b ST aentiontanis [N PHECE Aot Rer

al so i ndi gt sfswaméngth%s&mhse WDLQ@%&U%@&BW@QQMQO% \ﬂ.trbir@ck
copol ynmer.” [ 00105] Gas perneati on chromat ogr aph 4 rofiles of

Sanpl e | lot@@ﬁﬂsdcq"wi@yoraMCtI%m@PEr@v@M@ateﬁ’@@raiufﬁ @i (Ydrastabemisee)
bt ai Doy,
\Il?vg[)(raegent at'i Ve%@gﬁﬁémﬁ&{n@&%??@fﬁ%\eﬁ in r%?%]é}%gg[%d%?ggh '?CH(\S/{/%

determ neii,ltod:rﬁreﬁthEGVEl\/A) macroinitiator prepared in Exanple | had an
M of about 11400 g/ mol, and a PDI of about 1.15; Sanple |I copol yner

had an Me[ID about E%ﬂ?@)ﬂé?ﬂbesn 'EB‘FS%F IgPE@R}f\%M}—%% PPES

[ 00107] R | on trne atron uﬂctl ons were obtained from
dynami c light scattering (DLS) measurenents of the sanple solutions
at scatt dPPB3] angl eSampleA wappreparschadoneding sa thebsynittmsis wits illostrated in

shown in I\_FL?'G.‘3 Zﬂd%@éﬁ&e}%@sgﬁeﬁﬁ froma solution with a copol ymer

concent ratl on’ of be seen, the function is uninbdal
(wth one peak), suggesting the formation of mcellar aggregates with
nar row pdfPe4) e si zAndVIRR iniiiatdromas pretpheadsm iswlbwas MHFE@7 5 (. 683 mams|c

el e BB B B DHE - SEF P S SRBR PR Pt B
56 nm equipped with magnetic stirrer bar, fo[lowed by the addltlon of triethylamine (0.285
mmol) by syringe. The solution was then cooled in ice/salt mixture and

stoichiometric amount of 2-bromoisobutyryl bromide was added drop wise. The
reaction continued overnight under argon atmosphere at 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 MgSO. and drying under vacuum at 40 °C. This product is referred to
herein as "MPEG750 initiator”.

[06095] Samples of poly({polyethylene glycol 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) in a schlenk tube equipped

with @ magnetic stirrer bar. The solution was deoxygenated by freeze-pump-thaw
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[ 00108] Angl e dependent neasurenents produced insignificant difference
in the hydrodynam c size of the mcelles, confirmng that the
aggregates or particles were of generally spherical shape
(characteristics of mcellar aggregates). [00109] The spherical shapes
were confirnmed by the TEM | rra@%]e shown_in FIG whi ch was obt ai ned

from ni céYFiEs: &oﬂlaww by reditiop oihGutd: Qefdlecind %é’rhﬁwrwq nelac@tigoyas i | m
In the T ROy k r e S€eg h
hi gher eﬁg/%:[rron daeénts}:ﬁ%lgrBIC ﬁ&gd@g%@gégﬁgkﬁghe@%g@ g!rﬁ(é:org ﬁg? Zusﬁgrﬁ

t he PPFS &gghehbe paiymetrlrzetltbn whs eerfbamels atnoommigmpesaided kndeyrazgon and

¢ epr osent ORI BT 1<E MRS PR ont Bt et SRS K. T8t i ne

f r om SampagyrheriZBien golgive V\I&Bﬂhgrh padfidd amah alninh esenatoieasove Kdppen
t he DSC pr file, at abqut C and %bout +100 C, cor rgl; on |ng@o

transiti cﬁ% qI%p Erapsi sdvert Vﬁ(ﬁﬂ@@@éﬁﬂ) VAR PBEP RRIKAN

This resulds ﬂe@o@@@a@tbemecmntahomrpm@@wae]dm}%g i QRANAH a9B0 °F these
bl ocks in the bul k material. 11] Atomi c force m croscopy (AFM

hei ght i AYgEYOEn A ermduehyas rmowem ftgrarpeiaitatiopnn Senpneand @efing al so
obt ai ned. un'é%F vﬁtﬁMm Ept?vééhilgm V‘@ﬁls%gcgﬁ?%dr @fre?ﬁforhsc‘%ﬁ’E@gﬂgHﬁ §%er‘ on

of Sanpl e | eane over m cr oscopi'c sl

di mensi ons 22nmx 22mm x 0.5 nm). Sanple filns for TEM were prepared
by di ppi 1802 bon clodbeduisgspent ghaia exiensioa preFedsse Leanye of Sanpl e |

and renmowy S0 B?ﬂﬁ ve AFM

and TEMI g@%@ zjﬁ[bpksi%rr:ol @&i}éﬁ%@\ﬁéﬁ%@ﬁ%@pb&“ vel ;%/fﬁtg%% AFM and
TEM i magd¥ PEGN EbtAe datipde Ao maatdinitiaiof. REMHGE MEHMA pedrheler8.068 rinel) fantim

P PEVEAP S HEHEION RS 10, eneof Y8 R b oS PPl deoxnpengteat oy o

of Sanpl eodﬁHM fLenpelw rdeanduSagid eMthTmAm G meianfativhwerd en
chem cal aﬁi rg g{e of Sample |Il. These spectra were obtalned fromthe

sanpl es i © MBEMre4IHiSE ardso - HisHeANteipE Wara duthes Hearygenataddy ane
i ndi cat e%ér‘éﬁ?ee%@f@ng?i Hav@ @' Mhe @c%hﬂ(tlﬁﬁfw&ega@éf@ﬁgd F@Qﬁ’bﬂﬁ”ﬁfh The

nol ecul ar wei ght o ranged from about 20, 000 g/ nol
85, 000 g/rﬁ@intamﬁﬂi @Th@OP‘g Ghalsaamreslqns myrreé@tw%éa as swdenced by the

attainment of high solution viscosities. Polymerizations was terminated by THF
dilution and exposure to air, prior to copper removal on alumina columns. The
block copolymer products (white powder) were recovered after precipitation in
hexane and drying overnight in vacuo at 50 °C. The resulting Sample | copolymer
was a brush-like amphiphilic diblock copolymer of P(PEGMEMA)-b-PPFS (see

FIGS. 2 and 3).
[0097] Example 1. Synthesis of Sample Ii, P(PEGMEA)-b-PHFBMA
[0098] Sample It 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 molar ratios of [HFBMA]/[CPDB]
= 250 and [CPDBY/[AIBN] = 3. The reaction mixture was degassed by 5 freeze-
pump-thaw cycles and placed in an oil bath pre-heated at 70 °C. After about 150
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[ 00115] Exanpl e V. [00116] Coatings with nano-patterned surfaces were
formed from Sanples | and Il on substrates. [00117] The coati ng

sol utions were prepared by dissolving the respective sanpl e copol yner
in either chloroformor tetrahydrofuran, wth copol yner
concentratjons rangi.n roms5 to 20 00 The coatin

ol it 1 ondN s GR4ng.ahe Sradiag Tukker éPéJUSVL'é‘?ql 6 PIEg{ e bitH Asie
di p- coat i figegeheTIROARE #olﬂ%r%é@ﬂr%b%rt&%%%!d%x%ﬂ@ t&%rﬁ@véiélrgomers
el evat ed terrperatures rom about to about 120 C to obtain

t opogr apHarsainreagiad Mastopres| cftureétH ﬁBMéua@ty@@%nse@trée wasebpzinedbnédering
surfaces.y,[00119] T@SHHﬁlﬁgﬂri aces h.EngBl gr@ﬂaﬂ%ﬁn&t‘e Inré‘tgf’é ed

heterogeneous anp € resu g surfaces
al so showed patterned m cro-t opography. Wen the solvent in the
coati ng 46P18@lon waS(FRirGllkiAg- b(}ﬁidﬁBlwll eopolymeespnpes werefsmed byAFT.

oot one ePBARRRETEata, PRI AR B LR AR Gl ob LR v
segment s treaferanpecd srdertih@atigpogbapiicinvags seuedsed. de[g@t@éédbif EE&Bezé4

and 15 show representati ve AFM i rra s of a | e coa i n surface
bef ore ar¥3t %%%t%rﬁ%vﬁérﬁceﬁ Bé&%r‘veﬁlﬁmp'w' mo a” los In the

mixture were [PEGMEA}/[PHFBMA] = 200 and [PHFBMAJ/[AIBN] = 3. The reaction
tube was then placed in an oil bath pre-heated at 70 °C for 4 hours. The reaction
was quenched by placing the tube in liquid nitrogen and precipitated in diethyl
ether. The cloudy ether solution was centrifuged to remove the pure polymer by
decanting the supernatant solution. The polymer deposit was collected by re-
dissolving the crude product in chloroform and isclated by evaporation of the
solvent followed by drying under vacuum for 24 hours.

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

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

[00103] Sample | copolymer was dissolved in an agueous solution and an
organic solution respectively. The solvents were deuterated (denoted by “¢”’). Self-
assembled micelles with PPFS segments in the central regions (core) and
P(PEGMEMA) segments in the peripheral regions (corona) 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 ( ~
3.4 ppm), and ¢ (8 ~ 3.6-4.2 ppm) can be assigned, respectively, to protons from
the methyl group (-CHg) attached to P(PEGMEMA) backbone, methoxy (-OCHg)
and methylene (-O-CH,-CH»-) 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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[ 00122] Exanpl e VI. [00123] Absorption of three different proteins on

coatings forned of Sanple |, P(PEGWA) -b-PPFS, and Sanple |1,

P( PEGVEA) - b- PHFBMA, respectively, was tested. [00124] A quartz crystal
m crobal ance (QCM w th dissipation nonitoring (QCM D) procedure was
used to evaluate the adsor%ti on of the three qifferentl?érot eins on

sanpl e cRCKRY&RORMS 1he GTTEIeRe NFaResmA e BrNMEtI9ny# £f PR were
prepar at i PRehRY iReMAter,idut YRhERIRE o PP SHIoER weé hBEekiOwRRA %u%%%.tﬁd

run, the gold sensor surfacé on the quartz crystals was cl eané

t he UV/ oZo@éoromadiabef nicsllal egaregates dyanid EeES I enb Py Sridlegleeppolymer in
t hor oughl i QN : . rl ] all Next ,
2mM of rrevyacté\fp{v@b %ﬁﬁ%@g{%& p?éqpl)‘gérhgcf% ir%ﬁg{t\#gé%%v{%i&gﬂ;@g%@ onto the
gol d sur fREE@MEMIA vhsink ebhstitgiedhy coremni Tl also indieatésitrent teosample was

Mer capt 0-.1- undecanol . adsor hs spontaneously onto gold surfaces formng
a uni fordy HLATY |p%gﬁc§kgpqh E%qoi‘ﬂ”%nol ayer. The two bl ock

copol yners, each with concentration of 10 ng/m prepared in THF
sol uti on [eet1@5]t hen Gps peanediRe chndatogepiydGHC tprefibedf Sahmplsusbges.

compr i 51 1Gehare s B aMEREA) mRtin irbor Bhite Lo e PEINGH Agersiane

W thout  afysRRbNEBTare8Rls iIRTHRAS cRnhYHESRBERLGYS BIFAERiRRNTE ShbHWE iPf
trimethyl'si’lane chl oride deposited onto the treated gold surface and

wi t hout dH¢- Pol ymer coating. [00127]All surfaces were left to dry
overnight and cured for 1 hour at 60 C the next day before being

nmount ed i QCM P38 L : [ a Y by
first est{g%f@hi ng Ia stg%:ﬂger Iascgﬁ@mgﬂgmtpﬂe CE%‘ gir%godr?gééég%??on

(10 MV PBSEMpMERad Andiveisakmeihil 4@@g/meolparst @il soRbeuioh1$pPameler
concent 1 b Byl bl ) oPLERREAB0b 48, N BB S@laglippgnas 1 nj ect ed

t hrough t asuring cé sorptifon of protein o the surfaces
was nonitored for at |east 1 hour and the neasuring chanber was then

rinsed t\ipt07} t h SRebaxaiorliimeit)RBSibaicnofohtiomstvrrecdssongd from dyfmamic

protein (i 80eihh WBLE TRl TRnts BF 38 8 s81ubShe S cakefity Thdld" -
90° A representative distribution function is shown in FIG. 7, which was obtained
from a solution with a copolymer concentration of 0.5 mg/ml. As can be seen, the
function is unimodal (with one peak), suggesting the formation of micellar
aggregates with narrow particle size distribution 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 the aggregates or particles

were of generally spherical shape (characteristics 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
segments and the lighter bands around the dark cores represent the P(PEGMEMA)
segments.
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[ 00128] The adsorbed nmass of protein, Am was cal cul ated using the
Sauer brey equation as Am= C (Af)/n, where Af was the change in the
frequency of the crystal due to adsorbed nass, n was 3 for these
tests, Cwas a constant (C=0.177 nmg m2Hz-1) in the used device).

[ 00129] The adsor bed_mass and di ssi pation as a functiaon of tine of
three di fIPRVHHt pr ofl&r FsShowsa rpresaiaval BiRenligl sgayning calorimetry

|1 popol ySpeehas itPottbba HoRTSEmpf). [ ThBddig el Blés%‘?r’é!n%%%ﬂwééx%%rla@
wer e nmeasured. Representative results are showmm™in FIGS. 17 (BSA) 18
(LP), andTgign thebECprofilee shaautvad yC andiabhet +1 0k “Gapsraspendingss nor

t he di ssi | I ' | .abhl et hin
1 hour "o A sPR s heRlueb Y BIRETRTAPAR) BPES: H6EE, PRt e T o
suggest edetiials coosisteex withmictaphake phase aqgeatoi olthdse bluckes mathie dnidd
changes occurred within the polyneric layer. The test results are

al'so 1istBH'A Table 1. Table I POLYMER FI LM % Adsorption of Protein
BSA LP Lectin Sanple | (P(PEGVEM) - b- PPFS)
[00111] Atomic force microscopy (AFM) height images and TEM images of films

formed from Sample | were also obtained. For AFM, the film was prepared by spin
coating THF solution of Sample | on a cleaned cover glass (for microscopic slide,
with dimensions 22mm x 22mm x 0.5 mm). Sample films for TEM were prepared
by dipping carbon coated copper grid into a THF solution of Sample | and removing
extra solution with a filter paper. Representative AFM and TEM images are shown
in FIGS. 10 and 11 respectively. The AFM and TEM images indicated the
formation of nanoscale patterns on the film surface.

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

[00113] FIG. 12 shows representative 'H NMR spectra of Sample PHFBMA
homopolymer and Sample I, which confirmed the chemical structure of Sample II.

These spectra were obtained from the samples in CDCls.

[00114] The mono-modal GPC traces shown in FIG. 13 indicated that
Sample Il contains a well-defined block copolymer. 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-patterned surfaces were formed from Samples |

and ll on substrates.

[00117] The coating solutions were prepared by dissolving the respective
sample copolymer in either chloroform or tetrahydrofuran, with copolymer

concentrations ranging from 5 to 20 mg/mL.
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23 46 22 Sample Il (P(PEGVEA) - b- PHFBMA) 21 55 25 Pure Gold 47 153 46
Hydr ophobi ¢ Gol d 100

[00118] The coating solutions were deposited on the substrate by either spin
coating or dip-coating. The coated liquid layers were dried and cured at elevated
temperatures, from about 110 to about 120 °C to obtain topographically and
morphologically heterogeneous nano-patterned surfaces.

[00119] The resulting coating showed phase-segregated heterogeneous
amphiphilic surfaces.

[00120] The resulting surfaces also showed patterned micro-topography.
When the solvent in the coating solution was organic (non-polar), the protrusions
on the surface were apparently rich in fluorinated segments. The lower regions
were dominated by P(PEGMEA) segments. Upon water treatment, segments
rearranged and the topography was reversed.

[00121] FIGS. 14 and 15 show representative AFM images of a sample
coating surface before and after water treatment respectively.

[00122] Example VI.

[00123] Absorption of three different proteins on coatings formed of Sample |,
P(PEGMA)-b-PPFS, and Sample Il, 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 coating/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 and subsequently rinsed
thoroughly with deionized water and dried with nitrogen gas. Next, 2mM of
mercapto-1-undecanol prepared in ethanol was dropped onto the gold surface and
was left to dry overnight in the fume hood. Mercapto-1-undecanol adsorbs
spontaneously onte gold surfaces forming a uniform and active -OH terminated
monolayer. The two block copolymers, each with concentration of 10 mg/ml
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100 100 [00130] Table I shows the percentage of the final mass of
each protein adsorbed onto the different coating surfaces after
rinsing wth 10 mM PBS sol ution. The mass of each protein adsorbed
onto the polyneric filmwas normalized agai nst the mass of that
particul ar protein adsorbed onto the hydrophobic gold surface and the
per cent adﬁefg@reﬁﬂ%ﬁ EiRSoldian, weig tBer sPinfeatsreHp iuhiYdugdregtedg9ldce was
set as 1QQ,fgesent. [00131] Exanple VII. Surface wettability of
Sanmples | and Il [00132] Sanple | or Sanple Il was dissolved in
chloroformor 1, 4-dioxane to formrespective coating solutions, The
sanmpl e sdPli28ns (abetirol BUFEFeHEPRd @pﬁﬁe@b@}th&mr@mm slréaps eeowising i ps
at a rot f R 1 .m ' If.or [N
TR E s i Rtk D e SRR e S LA
cool ed urmating, andogehydadprobpharrtace] @dEB3hCohtriatdthdsitaneschdfrideltepeaitgd e
films wer asyred . an me- Hart..goni oneter b L acing a drop of
water on SUOERHEGF B0 R Ao R e P RO a2 ¥aRIRE (e ang! s of
the water drop on the surface on the right and the | eft side.

Measur endQ0$27f t heAkk sinfaazts veargllefs teady avecdgiitedror @irad toralf e AB5A °C

d ti to t ti : f . Resul t |isted
" Tabi e e A S HEET TG it ¥ SR BBy ERa admdt ohnq @58
10 measungsrentisateSiny first eRaRIsABR| $stéBlethdselihewsidgfies b SrRNENGForoN

the surfaces subjected to protein adsorption assays as described in
Exanpl e \Wil0 Mt AEIE. |\Wheg thigwas achieved, a protein solution (protein concentration

0.5 mg/ml) prepared in 10 mM PBS solution was injected through the measuring
cell. Adsorption of protein onto the surfaces was monitored for at least 1 hour and
the measuring chamber was then rinsed twice with 5 mL of 10 mM PBS fo 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, where Af was the change in the frequency of
the crystal due to adsorbed mass, n was 3 for these tests, C was a constant
(C=0.177 mg m™Hz'") in the used device).

[00129] The adsorbed mass and dissipation as a function of time of three
different proteins, bovine serum albumin (BSA), lipopolysaccharide (LP) from E,
Coli, and lectin from Codium Fragile were measured. Representative resulis are
shown in FIGS. 17 (BSA) 18 {LP), and 19 (lectin), 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 rearrangement and conformational changes
occurred within the polymeric layer. The fest results are also listed in Table I
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Cont act Angl e (degree)

Sampl e |
80. 8

Bef ore BSA Adsorption AFTER BSA Adsorption
67.2 0.6 85.3 0.7 Sanple Il 74.5 0.5 88.6 0.6 Pure Gold

0.4 99.6 0.7 Hydrophobic Gold

Table |
% Adsorption of Protein
POLYMER FILM
BSA LP Lectin
Sample |
23 46 22
(P(PEGMEMA)-b-PPFS)
Sample |l o1 55 o5
(P{PEGMEA)-b-PHFBMA)
Pure Gold 47 153 46
Hydrophobic Gold 100 100 100

[00130]

adsorbed onto the different coating surfaces after rinsing with 10 mM PBS solution.

Table | shows the percentage of the final mass of each protein

The mass of each protein adsorbed onto the polymeric film was normalized against
the mass of that particular protein adsorbed onto the hydrophobic 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]

form respective coating solutions. The sample solutions (about 1 mL) were spin-

Sample I or Sample Il was dissolved in chloroform or 1,4-dioxane to

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]

goniometer by placing a drop of water on several places of each surface and

Contact angles of the sample films were measured on a Rame-Hart

measuring the angles of the water drop on the surface on the right and the left side.
Measurements of the contact angles are made before and after BSA adsorption
onto the respective polymer surfaces. Resulis 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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101.6 0.7 120.0 0.5 [00134] Exanple VII1 [00135] Sanples 1l and IV
were prepared according to the procedure described in Exanple |, but
with different weight ratios of the conponent segnents. [00136] Sanpl e
1l had a P(PEGVEMA) bl ock with 12 repeat units and a PPFS block with
114 repeat units, and is denoted as Pgi MA) 12- b- PPF5114. Sample |V
had a P(PEGVEMA) with 19 repeat uni 18 a PPFS bl ock with 95 repeat
units, and is denoted as P(PEGVEMA) 19- b- PPFS95. [00137] Sanpl e bl ock
copol ymer s|produced were dispersed in I pitate any
regi dﬁal PDES hanppekyner . I—lre\mvnr, nn@@tggﬂ@#c’é qedré E observed
confirm ng|a highly efficilenBefcrmBlAckdsangticon [ edlctElBMBSATAdsorptimval
of any unrgacte GVENVH) honop r. chai Nns| was ac by

di spersi nglthe g?ﬁbptlrnpnl yner s |%%g'5b\6r with stirri ngé?%r%(}qpvpr al
hours priofr to Sanplilf ugatli on at 2098 orp. [00[138] Thesg.efreti ve
i ndi ces of [Samd es 41t ang Vi THEand—agueopus SOt ull ons _were
nmeasur ed Ui o TATBG ifferentlaF %%fract oheter a%g'gi\ﬁa?vel ength
of 620 nm affigirebhgbit B@Id €f racti veierdex i ncreent (dmbdcy)o.ef each
sol ution. Fhe—nstrunment—was catibrated—prmar+y —wthpotasstum
chloride (KC) in agueous solution. The dn/dc val ues were found to be
0. 1350 {4;and OE;gé}gﬁ 008 nL/g for Sanples |1l and IV,

respecti 33?;9 ]i n THF. 8\% ues i n aqueous solutions at 20 C were
0.1712 0.012 and 0.1625 0.011 nlJg for Sanples Ill and IV

respect i [8PI35land i Hemewsdd and Y wegg premired aceqsdingdmphepiogedureso C.
[00139] A Rethssy B ERAGK 1 SAR Wi BrersAt WhlgAP faith bR 1P BS e 588 ents.

rangi ng

[00136] Sample Il had a P(PEGMEMA} block with 12 repeat units and a
PPFS block with 114 repeat units, and is denoted as P(PEGMEMA)12-b-PPFS{14.
Sample IV had a P(PEGMEMA) with 19 repeat units and a PPFS block with 95
repeat units, and is denoted as P(PEGMEMA)1g-b-PPFSes.

[00137] Sample block copolymers produced were dispersed in methanol to
precipitate 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 copolymers 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 agueous
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 |li
and IV respectively, and increased to 0.1835 + 0.014 for Sample 1V at 50 °C.
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from10-4 to 1.0 ng/nL were prepared by diluting a stock sol ution of
bl ock copolymer with water. The pyrene solution in acetone was
transferred to a nunber of vials, acetone was then evaporated under
nitrogen before addi ng the bl ock copol yner solutions to give a final
pyrene c ratiop of 6.0 x 10-7 Min each vial. After . ,
i 11 br d00ERlover o gRiesr BieH eoRo BRbuT Gt ey T FRiceRErions @AOng
spectra (f&HR-10360 1MhgfhL Weee PRIpErdPBY ARG 4 S10eK 961tieh ofBloBKN SSi on
wavel ength of 395 nmw th_the excitat]l on and em ssi on bandw dt hs

bei ng setCoRplyMaiithmater.af Ne HyMetsatutiad araioBn yas; teansigreliy apynkes
nm (1338 ' ' alfa?c? yzed tion
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exper i mertopolyeres sobdidns to dize arfiiahpytehe concéntoaionndf 6e) k 4 0¢ dhoeeratatialon
(cnt) of mpl es. 111 and 1.V .in aquequs sol utiops at.25 C._The ymer
Concent r ATRFadTL o Eru A BT FraP R ! Reaitarsoneb s34 435)
and scat t380i mig) bithersiltigns nere amesdatharan ymissndedvenaditiass 868 neMwith
The cnt VE\I ue was taken fromthe jntersection of the tangent to the

curve at ! ﬁ@XFiFﬁ“PEﬁW&W'ﬁP'PH beRewiKdg DRIRY Pt 2lahg@nt h?_ﬁﬂﬂﬁg@f thBe@bi nt
at the | GuchsRESat 58 BAAS33 HRE(IGHT,lof ARPOINIRS # SOl NER dinPeR0kh:
fl uorescence spectroscopy and | experinents are I n good agreenent.
The est i rfab@Pncifpolfmesagprestiration. and |V were shown in Table 111. The
cnt of Sample Il was found approximately 20 tines | ower than the cnt

of Sap! q0b¥a0SUS9eBbARGh ! sddi oty iB HOIABLALhRISRANKEAMAI of

mcellization’'starts in solution, ma epend on the bloc
| engt hs cleteyorine Beowkical micele ghocddraippdernesoiZzamplhadll hothéin RRESUS
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[ 0?142] S&n’qeheiti@a::; KI3@g33é)}%r§]dlsddagbrimmédiﬁt?mhcredsérﬁ_shﬁdﬁﬂyl(\rxlib,SEdeﬂhbi laaghlet he
ution was dilute i oni,zed wat er i por a-

ST onEn e bR vall MaS NS g B eddfoflek pta tangs 3o fad PRVA Ahe

conpl et e tRY AIREAEA Afth @he AbITzdntANRAdent Sebugh Hd pdifieat2h® | Bordetrations.

vol unes whi ch reFresent the volumes of solution with and w t hout THF,

respecti v@'l%/‘?mﬂ?v@ EORANREE Briaipad ornpPia flupEascentrspREOSERY #ed Phit i al
2.5 ML polyERMmeRE é%'iﬁ’go&@%g?ée%’eﬂ?%ﬁre%ﬂ a@‘émcbrgaﬁﬁLéétlkl d [pas
left to evaporate at roomteéenperature unti|l the volunme has dropped to
the 2 nlL waseesihowarid Tehte Ifasiherisc obSamnpled twasdfeone approxinnatelyi 20 times
remai ns [ [ i mat . h.
rop 1 opaetBRRMEERE drsBot M, Rgb R kPR skt 2ot
conpl et e vehielp otiedlizationfstartdAin (s0IUbionLmal bEkdepeaderstadaeitietbdodki lssgthy ef t he
pol yner) a very mnimal_anmpunt qf ter tes at . rqom
emper at (18" DloshA6iiamt DRdvRPTES R a4 e ep0s P e aland shplek

copol ymers PEBMER A dlisukl b 86 Ao eNBFIRIAtiaE, plaendted By batih@Bas@inues of
signals d and a of PPFS and P(PEGVEMA) bl ocks fromthe NVR spectra
(See FI Ghysyophpkicdtyconpositi on data can then be conbined with

absol ute nol ecul ar wei ght data (M,,,) (which may be estimated from
the Zi mmipbeas) fromé,ﬁg;ehkock copolyners to eval uate the degree of
pol yneri zati on of each bl ock. For detail ed discussion of the

cal cul ation gzrocedure, see Tan e Synt hesi s and Sel f - Assenbl y

t al., "
of Brush-I99E&Ipol y| BRMplEeIIRfINéAE myD)yas JisealyRd ingthhef0.5 mL), and the
met hacr yl g gionbh LCHinRed WitRRRicHI2&0K QR Y2 ﬁﬂ?%mﬁ%{)ﬂm AlHHALG davibAR
Copol ynmers 1 n Agueous Solution”, Langnmuir, 2010, vol. 26, pp.
2361- 2368ysiaie egnippee wilbrit @A ofiltedy ¢h ageertdinds pomaletaievanosationgf

referenc 4, ; : in
Tabl e 11 TR IR o R 8 S8 e ok FRieaSo e A o
solution with and without THF, respectively, were marked on the sample vial. The

mass of the initial 2.5 mL polymer solution was also measured. Next, the solution
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Sample Il Sample IV Mh, GPC (g/nol) 31000 17500 PDI 1.3 1.3 cnt
(mg/m) 0.01 0.001 0.2 0.015 My, single, (g/nol) 36000 980 39500
1300

was left to evaporate at room temperature until the volume has dropped to the 2 mL
level, and the mass was observed to decrease until it remains constant where the
duration taken is approximately 48 h. The drop in the volume and mass of the
solution is mainly due to the complete evaporation of THF (0.5 mL of THF was
added to dissolve the polymer) as a very minimal amount of water evaporates at
room temperature.

[00143] The molar composition of the Sample block copolymers can be
calculated by comparing the integration values of signals d and a of PPFS and
P(PEGMEMA) blocks from the NMR spectra (See FIG. 5). This composition data
can then be combined with absolute molecular weight data (M,,} (which may be
estimated from the Zimm plots) from the block copolymers 1o evaluate the degree
of polymerization of each block. For detailed discussion of the calculation
procedure, see Tan et al., “Synthesis and Self-Assembly of Brush-Type
Poly[poly(ethylene glycol}methyl ether methacrylate]-block-poly(pentafluorostyrene)
Amphiphilic Diblock Copolymers in Aqueous Solution”, Langmuir, 2010, vol. 26, pp.
2361-2368, the entire contents of which are incorporated herein by reference.

[00144] Some measured and calculated results are shown in Table Il1.
Further resulis may be found in Tan.

[00145]

TABLE lli
Sample Sample Il Sample IV
Mn, GPC (g/mol) 31000 17500
PDI 1.3 1.3
cme (mg/mL) 0.01 + 0.001 0.2£0.015
Mu, single> (g/mol) 36000 +980 | 39500 + 1300
Micelle Radius (nm) 56 £1 27 +1

in an aqueous solution is shown in FIG. 20.

[00146]

structures, and could form generally spherical micelles in agueous solution. It was
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A schematic representation of the expected micelle structure formed

Samples Il and IV were found to have well-defined brush-type




Mcelle Radius (nm) 56 1 27 1 [00145]A schenmatic representation of
the expected mcelle structure fornmed in an aqueous solution is shown
in FIG 20. [00146] Sanples Ill and IV were found to have wel |l -defi ned
brush-type structures, and could formgenerally spherical mcelles in
aqueous s?l

ion., It al sg, found _t ith |onger .
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thick hydration layer. Wth I'ncreasi ng tenperature, the aggregation
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containing filtered seawater. The filns of sanple copol yners were

pr epar ed [@814lf]scussEdhraflove. The area i mrersed was about 25 nm x 60
mnm and three replicates were used. After 24 h incubation in the dark,

was conddly EiPlon ¢ recaurd BB Buded fEAELfinagngh TgmikalBd tkits afa o'
sample polymer films were suspended vertically in individual centrifuge tubes
containing filtered seawater. The films of sample copolymers were prepared as
discussed above. The area immersed was about 25 mm x 60 mm and 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 suriaces at the West Coast of
Singapore from 27 February 2009 to 27 March 2009. All test samples were
recorded by photography once a week.

[60150] Nanostructured 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
copolymers”, Polymer Chemistry, 2010, advance copy available at
<http://www.rsc.org/delivery/_ArticleLinking/DisplayHTMLArticleforfree.cfm?Journal
Code=PY&Year=2010&Manuscript|D=b9py00332k&|ss=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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Si ngapore from 27 February 2009 to 27 March 2009. Al test sanples
wer e recorded by photography once a week. [00150] Nanostructured
surfaces fornmed by the self-assenbly of anphiphilic block copolyners
containing fluorinated and PEG segnents were obtai ned and

denonstr o reduce adsorption of different types of protejn. The
i1 of DRSS copa SR MBAbOTe dractins i et SiuBaReT 1o be
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et al., "Barnacle repellent nanostructured surfaces formed by the
sel f - assdfingnyomodifipatiang af ferblasEndesisst ghrares: defads g ordpreriioperagion.
2010, ad - ] ot T
cht tp: |1 v TSR, PR, Sofriee to epapmpgse i) sych modiGRioR W Mo 1 o
e. cf n?Jowacnpk, as defined by the claims.

Code=PY&Year =2010&Vanuscri pt | D=b9py00332k&l ss=advance_Article>, the
entire contents of which are incorporated herein by reference.

[ 00152] When a list of itens is given herein wwth an "or" before the
last item any of the listed itens or any suitable conbination of the
listed itens nmay be selected and used. [00153]COF course, the above
descri bed enbodi ments are intended to be illustrative only and in no
way limting. The described enbodi nents are susceptible to many

nodi fications of form arrangenent of parts, details and order of
operation. The invention, rather, is intended to enconpass all such
nodi fication wthin its scope, as defined by the clainms. WHAT IS
CLAIMED |I'S: 1. An anphiphilic block copol ymer for providing an
antifouling surface, conprising: a first polyneric block of repeat
units and a second polyneric block of repeat units, copolynerized by
living radical polynerization;
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said first block conprising hydrophilic antifouling side chains
bonded to a first backbone segnent, said first backbone segnent
having a |l ength of 10 to 200 repeat units, said side chains having an
average length of 5 to 23 nononer units, said repeat units in said
first block having a polydispersity index of 1.3 or less; and said

second bl kS ydrophobi ¢ antifouling side groups bonded to
a second @m%@%m% , said second backbone segnent having a

| engt h of1 1 t?rbép £8 eaultE unilts. %ﬂ The .cogol Fﬁ’r .of clfai m 1m L
wherei n_ i ANSHE PR BOCK G Be BT AlHIAS B0 P GupeD s§ i gmprising:
copolynmer of claim1l or claim2, wherein said side chains conprise
pol y( et hyl ene adir§iceiymeus bipgis of mpsiRy Heiks a1d asgcoitkbreymeriakiock of eerpat
wherein said I : . d of an acrylate
group. 5. The(ﬂg@%’o%{]{/ﬂ;Br P#%@g@%@ﬁ@%%@.%ﬁggﬁ@b@%@ wherein said

fi bl ock j - A , |
and sai d secondel seRoRehdhBE AleBE RnliclRid ¥pg gy Bekdeg g uet ©
copol ymer of dingt backbamfe sdgmerd, daitl dirst bavkimmel segeend hhwvingta Ibhgitkof 10 to

conpri ses pol t hyl ene. gl ycol . t hyl.et her acryl ate and i d_second
b1 o6k compri s 2BuBbsAIRIS SO ST e Hie g Figage Tt Al kb33 y s
of any one of rgdinidr UhitsOsdid reprit @his fRdHld ﬂ@ﬂé@cﬁmﬂfﬁbta’pélg@i%@r@ﬁy
said repeat units of said first block is about 1.15. 8. The

copol ymer of #EXHd HPriesaidnd 1 to 7, further conprising a third
bl ock of repeat units that is different fromsaid first and second

bl ock. 9. A cORBLIICNERIGLCTIRIGING eFraphabig ARERANINgSIde Brupe bonded to
conprising: a 0, :

ol yer 1 0 bl gk ap g BeEI e R RT KRR b B g fing =
repeat units, lavggthof i @ $a 200 cepeat onits.i si ng hydrophilic antifouling
side chains bonded to a first backbone segnent, said first backbone

segnment rzavirngcapcbifzmgt bf @&ind 9, WweerdfDsdie RRRLgrobhS Sompaddifsdritaitahail ns
havi ng an average length of 5 to 23 nmononmer units, said repeat units

in said fir8iUsFock having a pol ydispersity index of 1.3 or less, and
sai d second bl ock conprising hydrophobic antifouling side groups

bonded t . aTeeeepslyackbaaieh $QERIh 2, $Hcthif 88RNDAEHRAS BEMPARSETENT
having a length of 10 to 200 repeat units,
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(pentafluorostyrene).

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 copolymer of any one of claims 1 to 6, wherein said polydispersity index of
said repeat units of said first block is about 1.15.

31



wherein said bl ock copolyner in said conposition has a pol ydi spersity
index of 1.3 or less. 10.The conposition of claim9, wherein said

bl ock copol yner is the bl ock copolynmer of any one of clains 1 to 8.
11. An antifouling coating conprising the conmposition of claim9 or

claim 10._ 12, The antifouling coating of claim1ll, conprising a
Coat 1 ng. G T8 GORAVITeS o RIS neIn Lol MR 0 b BB Tl BarEpgok of

hydrophi I'i ¢ rdi 2@k QRfs thaisifrdhorhaiat fir8BhNSepidodior med of said
hydr ophobi ¢ antifouling side groups of said block copolyner, and said

hydrophilic regions being forned of said hydrophilic antifouling side
chai ns of9 s&i@Hasdiendepeioyifitg an gntifpdlingnsirfasel FoHPEYREi ng of claim
12, wherein one of said hydrophobic regions and said hydrophilic

regi ons for m ancamphiphiicslogkaspolamér thepasingra okt sayrdefiy HivokbblEpeat

regi ons and hydcophi,lic regions for i spersed phase. .14. The

Lot foul (g 4RGSR mobmerfuitbds &f BBS sh e SistHliskons nave
an average si z@nfgrRMglhydRssHIRE &ftiféQing sTCEUIRS BSndekbto EBrsepididerbi ng
coating of claim14, wherein said average size is about 20 nm 16. A
sol ution corrprsiegmﬁ?fjlte?aé(bﬁ”\%mc@ﬁaetsﬁ@mt%h%‘éﬁ‘@ ROPNGIR O I &it9rP 90 E3PeEt ai m
10 di spersed ip:sad ; i nfio! ¥ alo|
coating from tLﬁHetg’géo u?@%‘éc%%%nsckfagir@] %&%g%‘%ﬁﬁgﬁ]g’ gg)eggm ti %&gn'tgyer
of said sol utisait Gpeat guiisfinseaid frebblpelghadng agwlygispensityondercoli 1.8ar e

h ti [ ' i on; . i h | t .from said
Payer of eard 20y ol SAILs R B BIGtR coBl RN At e R G L 6B
f or m separ at e Honded ph&Isecomnhdadibdne geglicot, Bhabsscondl Habkivmicnssnodnt

formng the blh%%}gcaor%(r)alg%ngfrmot% fo%yreggae‘t L?rfitsle ains 1 to 8, conprising:

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

copolymer 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
regions being formed of said hydrophobic antifouling side groups of said block
copolymer, and said hydrophilic regions being formed of said hydrophilic
antifouling side chains of said block copolymer.

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

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

average size from 1 nancmeter to 1 micrometer.

15. The antifouling coating of claim 14, wherein said average size is about 20 nm.
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obtaining a first precursor for the first block and a second
precursor for the second bl ock; copolynerizing said first and second
precursors by living radical polynerization, to formsaid bl ock
copol ymer. 19. The nmethod of claim 18, wherein said |iving radical

pol ymeri zati on conprises _atomtransfer radical polynerizatiagn. 20.The
net hod of 1&AR0HPS coRpEistgA salvant ang tH@ CPHIH’Pé&'P“;%P&W‘FBrgi HAig! 0

conpri ses rﬁl"éﬁén%ieelir?s ddioiyepp- fragnentation chain transfer .
pol ymeri zation. 21 . The nmethod of any one of clains 18 to 20, wherein

said first_ precursor is a polyner having a pol ydispersity index of
1.3 or | eksA methpeof fstian andieylintheoadngdom e sautian gficlaightd.ei n
said first RS SBHEIRGT Is fornmed by living radical polynerization.

depositing a layer of said solution on a surface;
heating said solution to facilitate phase separation in said solution; and

removing the solvent from said layer of said solution after said copolymer
has phase separated to form separate hydrophilic and hydrophobic phases.

18.A method of forming the block copolymer of any one of claims 1 to 8,

comprising:

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

second block;

copolymerizing said first and second precursors 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 precursor is a
polymer having a polydispersity index of 1.3 or less.

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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