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ABSTRACT

Di spersity within polymer brushes plays a maj
such as hydrophilicity, l ubrication and inter
critically influencingubhheéei pralf®zeaadscsamabéc éal
particudhlmainsdidepersity in polymer brushes bes
can deeply influence their interfacial propr
i nter mol ecuploary npeorl yimmetre rmatc tyi eoanrss., ltnh er edceev el op m
radi cal pol ymerization (CRP) techniques, tog
tailored macromonomers subsequently separated
chromatography, hasf |pdl ytnoertitlce adediigrecod ur es

structure. Thi s t hesi s focuses on synt hesi zi
podliysperse and ¢itfhalxeazeololniego ((2ZOEOXA) side ch
defi ned n-4mb2soix aczfol2i ne units. The discrete mac
synthesis of polymer brushes wei @r b haitXeed Ol
by flash chromatography. The LCST beshtauvdiioduds o

determine the -chdal oedcsepefsstgeon hydration.



CHAPTER ONE: | NTRODUCTI ON

1.FRol yoxazfoolri nseusr f ace modi ficati on

Achieving cbemrobhl oeempesiti on andi snoudgioall og
obt aitnmaiingr ed, emgptl oryrealimany areas of mater i al S
such asalctoddioll,idzaadh eesni on2anldu brmocraet iromcent | vy, k
(bio)senbioome diDohien eo fmosthseed pol ymer for surfac
bi ol ogical applhetayiense dgey chol dhtBEGHpAt ibii Inigt

curramppltyoedpassi vate cargos for drugs in nanot
and medi cal Ddeeswpiictees its excel|ll eatehbhfossadide phe
potenti al p rPeES@& nacnet iobfo dainetsi i n a certain percer
that could induce allergic responses upon tre

COVHIHID® vaccines, further sti mpwllaytmenrg rtersadarsalp g

specific interactions.

I n recemtesegaarcdh, efforts armmdeogeridc t@dl femmamn
andneo promising clhaes pady2pl@hay méRA@YA) (These ar

obt abyCead i oni c Ring Opening fRal Ryearz ozlaitwireo T h( @R
five member edetchywalsihc ainmgirarbaky | o R (o gidl ie CRIOP

a type -gfowthlai pol ¥¥Wmecrhi azraatcitadni ighe cooumgtrr odhai n | e

and functionalities
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CROP
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Many studies are focusitnhgr oG ® PhreCXaAssd eotbh @i h e ¢
reliability and reproducibility of this type

obtaining pol ymers with predichabtlomt mo)-#edl a
functi éinanl iatdideisnReOX A3 e seemtti f oul i ngi mirlopr,ieoil
they could pboeembisal Ipy-iomeisd nal finasmm 4 taccaeiefsi c at i
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1. @Qtionic ring openi ROPpol ymeri zation
Ring Opening PRORpmerazaypagmoivt chpbhymesmithzat i
stracyedompouunsdesd as mdmemaelrs ving force of th
indeed the opewhnghofstmadeipgssible by havin
centres on the ring, such as heteroatoms that
gi viinge to a | ineawi tgh olwiighlg aodmtimol on t he dec
Among different types of ROPs, Cationic Ring
electrophilic initiators that e¢earmder,atasemdpogi tcio!

the maynfor obtaining PAOXASs.

Thenmechani GRO®Bfartanwchk dophilt beyadmoascokmeaf on a
el ectrophilic i1 niti awearri,ousoorieny gnegt raonpihii chai hco b\ |
usedbut nowadays the most wused are albkeynzaytli n
br omimed ,hy!|l otrmeatfHyalt et osy |l lmdieng trmaestllaypirtegeheghe
staband tlyowe (FitgaBxieci t vy
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benzyl bromide methyl iodide methy! tosylate methyl triflate

REACTIVITY
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Each chain i @ uihietapthti aalkc boyf atmloe oonea z mlng me u th e
of the initiator, causi ngantdh et hree |l fecarsnea ta fo na od
cationic monomeAf t(ebfmi aan antotl eero wol)xea zooBl tithneec ks on t
position of the ,aet miviag edprmeptammeainangdg hehdian t er
equi | iwh taihuecrovamedeée , foemul ting from the attack

initiator on the 5 pBsgd)ien of the iminium ri
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The pol ymepoe s adn otndt hceamiiaogni ¢ pat hway @i guoweal
5, dependamnigowesct ronic factors such as nucl eop
of the coudmtber iizan i on of t §pe po\kairsi oovuese ncheanrbgi en ¢
of momamdri scanatead to diffeP,enthirlesactiincr epaast

pol arity favour sThtehe eincerriad patl ewaoy.cheelbmutmdf ii en t

the initiator I's a strongei ., &halseogphlidow d$tham
solution), the preferred pathway wil |l be cova
the 5 position, making the i1i.0Omi ¢d htoromhamn bbas
monomer i's a strongXe( . &ucsl esotpahbillee itrhasol uti ol
pat hway widilnde titbpemiicgni ¢ f(irgné)we | | be stabil.i
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the growingn*cbgiaddndi Bn of another mowiomher M
023°

Af ttehreompl et e initiation and the first propag.
(K,n with n n@r@racskeashltyo dau enuei g lybrmoilnetcrual airomdi po
pol ari zati wkitalbfitéehdez e si ti on state and possi bl
the morecatnohi pdeesppeencdinensgar amet er s such as con

and t empé&r amaukrien g t he cationic pat hway al mo s

propagation.
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An i deal |l iving polymerization is characteriz
termination -(sanbfas chachions). Therefore, t
i vi ng EROFXAoflpsvessfdiorostder Isiimetei,c9 f Bamral mebnc

the concentration of active growing <chains

concentratiom of initiator [1]
AT e o E E
Yo ' ) - '
Ther eftthree i nt egrated equation i s:
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The termcaatilkbyw odatlitnegr mi na,whnghagengenerally
t hat attacks the. gTwwi dg f ft dhcare m meednrelacmainnmacic u r
depending on the #f%cleophile strength

T weak terminati n@) awgielnlt spe(ref.ogr.m Ha ki néethiecal |
C2 of the i-enm,dhoumgougaatienr nary i ntermediate t
es tteerr mi sateddar f{t ypmicméd |y an ufwada)d prod:!

f strong terminatdamgb oax@yel natise s ( ep.eg f orm a t he
controll etdthat Cacé&f onhhee niégm-cha pupti mggh @ wa mai n
wi ahch®Rssmbstituent and fl,rrafldnyczedba g meé m g

(Fi g @8b)e.
/ . . N
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For thi stisr ecarswceni,ali t hat t he syysttherno uigsh olkud ptt hec
pol ymer.i zAhHiioni s @ashngv &@dedlgl yandr edhigemrn bl o
conducting the reaattmoanp(uentdeegg eammr g esTtati s
because water might compete with the monomer

chain emdising the formati on aanfd iurnrweawd resld sk & =i

The most used classes of terminating agents a

T met hanol i c pot agMe QuHi KIOWHJ rr, o xriedseu®H i hgr minn aa
c hai(fhi g 9a);e
T nitrogen basseudc hrpgaasantaaryt/ s ecoathangés elrtii mg yi

secondary/ tremdaimnd mye/fgewaitbe g 9b);e
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Generally, ta@aepamemaetspectyewfis | ower compared

as henpstly react at exthengdheedr hceoantvienrgs,i otnh u sAta tt
protiomtiated oxazolfiommaew ¢a@aeEWwoinmgscsanl tli oeg i n

mol ecul ar wei ghtprpood,wombesrosa daesn i snidyd & fheer ivtey a l |

Neverthelaggsd,edifpudoper experimentlaé ClkadEdyoi oAl

oxazolines is usually characterized?®y |l ow di

1. BAFT polymerization

Reversibl-&r Adgheht ani on Polymerization (RAFT)
pol ymerization t hat-f riagvmoelnteast i am @additidni um
growing chahaisnaasaybent (aCTrAQl,ecul e added to t
creates stabl e dor manke erpadiigc an u nsbpeerc i cefs rwehd il cee
throughout theé®% efihér mapnoupsibtdse coafp aPPAHAT tiys of
l i ving polwhmech ziast ifouuhdamegynahesos of pol ymer.
predictable molecul ar weigbtoupotwi debpeysi whi
the benefits of radichl gipof g metribez bp ¢ » shdbuddkicthy
copol yme%? gr owt h
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Il n a ther mal RAEVpittlmé | yniat idata@ro ios c tpiew aotxa dd e
heating thausysegemhe homolysi ggemferats pgc if friee

with diflfievesntdampémdi ng on temp’Ganaral nd r ad
a sufficient rat e of radi cal gener ati on, t h
correspondliOhgseial faf erhe chosenThidnAit $ attgmp. cal l
t hi ocar bbarsywldt hciopwhao wrhd f or ms r adi c al species b

chaemd to the thiocarbonyl group.

The mechanism of RAFT tma®oh viees diivifeednitnstep

T propagatibingbbepdlypacadi odl p o ldymaewmigzcaht i o
t hpol ymer chains grow by, reacting with mon:«
T addition/ fragmkeind dnteec)rdust egs whi crheatchhes @TA
growing chains, causi ngt hrelaed | T@axerdshiakblee wtere:

dor mant and active for ms.

Thievyentuasulyts in the insertion ofS tbhoen dp od fy nte
CTA, gi ving ri se ctappad pwil ylmera emdsand fuhet

t hhi ocarbonyl thio group.

A
ﬁln —> |ne \

b Ine + M —> In—Me —> P,
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Il n this way, the CTA | imits the number of act
number of chains dormient. I n particul ar, i f
muchi gher than the rate of the propagation st
rise to polymer chains with hidhldy spreedi ¢tyabl

I n a RAFardepeee of pol yangdtCc ant benbpppBE N gt ¢ the
fornmbl a

#41

$0

wher emi M} he 1 nitial concentoiast itohne oifnina md mecro |
CTAThi s comes fremchh€TAambl ebate can initiate
SO t he ratio bet ween t he number of monomer s

average |l ength of the final <c¢chains obtained.

During the year s, many types of CTAR khadde be
grosyp basedi roenactthewi ty towards di f(Fiegwre Tthyep e s
gener al rule is that:

1 Formor eacti vamo@ad mer s ( MAMs) , whi ch form s
pol ymer(e.ag.i omet hacryl atae,marce yrlad cect,i wd yC A
t o enasufrmdsttack on the C=S bond. For this r.
for MAMsT udes triitahiSRaA) bamalt edsi t(hzZi ocFBPBhz o at

because they react with monomers by formin

T Forlessacti vamboed mer s (LAMs) , whi ch form un
pol ymerization (e.g. vVvinyl acetat e, vinyl
ensure a greater control over reactivity t

CTAs for LAMsiAari®®RIanbatdedi ( hd acdRdpar mat e (
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1.RPRol ymer brushes

Surface structuring through polymer grafting

wayf ocront r ol ho digfpyhiryilsgi c oc he mi c al properties and

di f f éori)mat erAbadwse al | types of surface grafted
aref girretads esttlgey can @o tpghlree tienftyer f aci al prope
and its s$intaerceattiadm ewhviilreo nbhmeanrti,ng sfwintcht i loowa
cytotoxicity and hmagkhi nli otchoermp at hbi liidteya,l cho
bi omaterials and i mplantable medical devices.
Pol ymer brtuhsihne spoadryemer | ayer , svhtiathls e ménl ya os pae csiu

Abrdstkeo usteadpd,or modul atingThegppteodani enact n
fiewdsh particular focus on bioffddieyi me,e Hiypm
composed of | onrg ahmpphadpahiidlsiccgr afted to a surf

branching from a pol ymerailcs ob arcekfbeornree d( laDs -bbroutsthl
i ke p)¥IFingedr Fe
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1D brushes 2D brushes

o /

The structure of polymer brushes and their ini

variousitfactors

pol ymer composition and topology

)l

T mol ar dmasstsr i buti on

T surface coverage (grafting density)
1

di spenr sity

By varying these paramet er s, gmneavstuprdfoapcre se,t i ®£C

hydrophilicitysf oludBimggd &eé ilonn poarr tanctuil ar, foul in
retained particles, col | oi d3%?, tohri smapchreonapbnbeencounl
happen when foreign bodi es are | mpyersttédaxrt i ot
i mpl antabl e me&di‘cahi cdhev e ae s-supedceirfgioc npornot ei n
foll ovaeidmrmhiynogeni c responsei ammfd tehvee nftoFael gl gyn erbeo
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Sincef anltisng | osely related t 3%t thyed rocdadmicl oi ntpi ot syi t
and grafting density of the @i afctecegrmpd gimet iso |
a function of the grafttédThel gmaftsngfdeastoy
how the poleysmaebelkernusghrafted to the sutrd@acer

Aigraft ORI gdde

1T The ngtadbtiapgpgroach is performed by submer
pol ymer mol ecul es that covalently bind th
surface, to form tethered chains. 't can b
hi gh ngr adfeegsibtecause it becomes progressi ve

chains on the surface due to steric repuls

T The fAgfabmdbngpproach i s a more promising me
brushes wi t h high grafting densi ty, bece
initiator/ monomers that are covalently bon
submer pedcdoiluti on of monomer s. I n this way,
through the already grafted polymer | ayer

chains from the surface.

0 Monomer ® Initiator /end group of polymer #~_>= Polymer chain

The design of palsemdersubfasckesoati ngs t h-at s u

specific protein adsorption requires an under
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can be modguilvaet eudnitqou emafteeartiuarless ftoor s prehcei fainct ia
fouling propchaitn epso |loyf neehre nigred sahoe sc o mbi ned phen
surface hydrati on , andvamtt earaal ldeyorseppeuclasdiscor pt i on
proseinn aqueoushemendoday nami calt Whedni shhpdgaomididl i
pol ymers amagupensinon mobol efcawrd lasa hbyadmr d gneent wo r
arourhce pol wrhent fmallbmm®i n adsor pdif e oajgqHedda [,0p)i c al
because it would cause t he dessoollvveantti oenxbcol fuaski hoen
t hent er moheduwuébébgoesnxdMor eovetrhe sterres uletpianmys it dire
compression of | onak exosloyrnpenri pcohghifceasl d uglSesd 0 ) ,

becausewould cause the chacaoasf ooffFawmidbjeepse i n
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hydrati on miaglletcr eaad DO respsecatheer gtoi omgn r e
l ubrication ahhiushdephssaedi tagcdl ecaarr el ati on Dbe

composition and physiochemicat! properties of

Recent progress in polymer science have | ed
architectures, allowing to modul ate surface p

creation of stimulof bies)psBérsd ovres mat eri al s
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1. B screpedwsperse: the effaebhte @fr ogpies p & |
pol ymemushes

Natur al macromol ecul es withe.dge.f i ppeoatydniued ,@pit ¢ a
are often characteri zedanhbdy pdiesca rseet, lecoommmploesti twloig
are essential for ensuring structural control,
this reason, pol ymer scientists have been str
access polymeric structuréesi wiptr l2nd oanod gaé e envausss |

tdi scoveornedbacttivopne h ysner u@anuar @hysi cochemical |

New controll ed pol ymern napte noimpo ¢tyercelr nizgau edso,n (il
rever sdefalce i radii pall y mer i(RBaRPlhaavepened t het hweay f
synt hesi s o f narrowmdadkisgpigs pefds apoyl aydnckirtsi,on al

paramehnepol ymetr2bsoytrht hfeosri sapp!l i £iant i s;ml wtni opno | aymdk

on surTleemossibilinwi tofii moaud ealtatnigvel y | arge
control over the chainds growth process and
technipawes t he wialye tdevaingi®vat eéd gasiel ored pol yr
architecewvwertsual | § ponsenitaktjngdditional t ool
physhemi cal propertieslofleethe gchif éedngupénate
polymers is noblenbynthettimar&ahi evement but .
building blocks for new classes of polormer i c
exhibiting properties that are gitkar sexgmglue,:
vari atniwint hoofn a brush can be expl ofitredt iton anoic
nanomat ersivaclhs as grafted nanopartinotesaotr wiatc
surrounding enviromme ntf, hydr ophi,liucbirtiyc,atgs toer

biopassivity

An even more precmaer owmpl eouhbhahisehv opurghpeenas s v
flash clod amat ographic separation, a widely us:¢

i secemeilyg dppl icdsdssgpmenatTomougbl tichharsohmat ogr ap!|

compl ex mipxotduyrsepser sfe ol i gomer s or pol ymers wi
separated based on differential chemical affi
silica), i n order t o eadeafliynegde npalayt me rlsi bwiatr h

di f fceer3ehn s t ecfhimeerqpue r es a f i ne whuincihn ga aonhi k& eéhwer e
of many organic sodfvethhen ornc hi @v a@acdocsneppaaut nhdast o n
di ffer for jus“‘ewvewa trhe pae triettieva® iubmi tf act or R
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Chromatographic separation hasedggreoempsmpbofyedc
(meth)acrylanacr wit miedy@aned spolaysmewst bmmasr ci al
oligo(ethyaedeoigil geofixa)z o**4i8Mb)ad | owed ss @i erbttiad tn
macfde mMonethe chwii mh | emigdq tne
be

synt petl iyene r s (FbirgudsiBhee s

-~

ol igomeric c ermtar ol (

further poltyomegriiivwaee dt owifit ihb rCe

N\

di spetrtsat ycoul d

o Poop
00 phpmertaton 0%
o0 000 —» P
o o
s OOOCX)OO%
Oo%ocp% miz
Oligomer mixture Discrete fractions
One of the mdgtpeisnpelr gméi sa@ar e h bboreucskthe rpeo | w imie ¢ Is
aretyywpe ofli Eemipol ¢ menpomfs ea blacrkdbomaamd functi ot
ol igomeric (or pal ylndeerisincg)n siisd er ecnhianiinssc 8 a me o f

bi opol ymer s, suchwhi qpwet ¢ db@li ycalnusbr i £ @atni ng

i ntrinsicadnrdaghictoencptbusigeo sed of

gl ycosamisiodyd yeltkaignisd.e

ma nwyi t Ihhr apnocl hyeddi s

Thanks dmowéret i deedl op mepnasss,i bilte t o mi msaeame he
natur al mac,r ombt @aicuil eg b s iphtolpetl iyeoreewétyo @rener at
totally new polymevingatoWwatdstdarmersgharsiQoyVv erny e

deriving from defshedcmaceesemol ecul ar
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Core Protein

= e j—(!hnndrutin Sulpahte

Link Protein

Keratin Sulphate

Hyaluronic Acid
Backbone

Using discrete oligomers as building blocks
study macromol ecules with discrete strucdamndes
howli speccsultyg affect cruci al proprieties suct
bi ocompatni bai IsittuydyetbkPyal paV yndi s pMAssver BOEGmpar ed
di scPOE®As,obt ained fr omsMiAs ariaatriomgp n O Bér t hrou
chromatography fromMA mioxiimeErearieslul @EG g st udi es
wit h-PE@tnit i bodi es (APAs) showed that structur
chai mpsologfmer dmrafitbeus nanoparticles enhancoefd 1t h
the graftediqnwref ddie struct ugVA ehnosnuorgeedn @ ihtayt a fh
formed a more uni fmetmhdyay edrifn dhiindgi nsgi ttehsé rod m OE
the biological envpMAODh mewihtehs whoillged dPbCeEEah D ave d
hi gher i nteracdue mtnavd g he n&Repd®o sur e of | onger (
increasing epito(pegliedi ng of APAs
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(b)

Fi gaoReep
POE Odl A

re
(

entAad i afptoebdy di spegMpre (RPE®s monodi s
) in inte(actiuore fwmidtaptdeRAEt al

s
b
One waiyndiorectly wevalwuate the tendency of a
i nvestigatingresponeimper hebaei awer,er imd ma vaegra m le
cri tsot aftenopner at ur. & hELCEB)T i s a par atmhkedl eorr yd earnid\
Patt etrbrseoonrtyheasfmodynpomli gwmerofssowWhiémoan initially
pol ymer solution in water undergoes phase sep:
cloud point vs wuxluurmest r isp efamadgadd oint S mi ni mum p
|l ower critical 3%Fliuwt@ndodnhitse mpedealt uwaes i ntroduc
behaviour of pol ymers wie.hg.adn-gpsoptel e piimmt-entet
bonding, electrostatic forces) that would dev
(UCST) predictHug giyn s hteh ed roy.y
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<«—— L CST miscibility gap

A\
AR

A\
A}

——
1 solvent melting line —-'%\

- N

mm_\
i UCST miscibility gaps \
! 1 T T T T T T T
).0 0.2 0.4 0.6 0.8 1.0

The LCSTexprrbeexnttiahdtpedsbiyhagcl oud point tem
which is thett ewhperhattunree transmittanagoloyf mern
becomes 50% of the transmifitance iantporo@amtt ¢ mp
definition, the LCST corr &vmiomldbTotode het anma i r
LCST is |Iinked to the hydrophilia@aipgl yohera ol
system needs to be cdrhei dereed,he nsetragryt iofg nfirxa m c

pol ymer soluti on:
y Y( 4 Y3
For a polymer with LCSTcwbéeHatwhakwemi, xigmg ngotabsp

anymdqgGei » 0)This comes from considering the t|

systemince for LCST polymer solutions:

T gHnis 6ince Ppolyeetr intaldow doms that pol yme

are exother mic;
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1T gbmic O6ince the solvent needs to organize i

pol ymer. chains

Thi s meafner t,thdfthe mi xi ng aGmi s pOo)n,t aannedo utshe( s ol u
clear, wht,ceothdirngl >iTlse codbwssee vmidxi ng becomes n
anymoeGe »0)s,smaggregation of pol Hewecteheeh aihres nmad p pee
i ntr oduwuc etdhe bsryesastkbmm hydr ogen bonds bet ween w
hydrophidheai nssi deef & hec apsliyngeraggregati on and
macroscopical dye ctoudywe occur-cleace afcdhamai nl
interaEtg®@mrRaor this rne€&bFam, btehe oanmsi @xeperdi men

par amet er l inked to the:fhryrdr epghmipHme thyi gl y a
hydrophilic polymers will be more negraesiulet,i ndg
ia hLEGBT.

T>LCST
water\ CQ)CB a (8
’3
Soluble polymer Insoluble polymer
(clear) (cloudy)
For pol ymer brushes, t he LCESEt wiehgyrelm o hiolni ct |

hydrophobi cs, andeenr acttriaomgl y depamd oompafei tlhesnng

hydrophobic ebguo&tbhlobaner y( at e, atgr .ydrad eon vitmel I

composition ahtxidd s pienspltiyyoofet hyl ene gl ycol s,

For PWMMEGs at he | en@EG hesfi miche asgpasl, y mehre becomes

hydrophilic,inesahsengni hC&i. More speciofi cal

the hydrophil-c baiOkGMAr smi Hegndirtohg enna tbeaondswhi | e t h
2 5



met hacr yl atree cdouacceksh owmeet leyr fsoorl mibn d iitryt e rprod lyenceu | a
intersdcThiosi ghl f gt sse relationsthpi melt weagh h
thermorespos@&@sd vehe 1| mporstcaredle f oyiectldy mebr ari es

examining Sstruetatebdopshbhppsty

Whil e there are manysstedid @bk @GMWMA als sp ep sli it pe rod
are fewer examples of how dispersity can infl
such as-abkRwia(zad tbiarsee)ds pol ymén hbr uekheyRo mwo r k

alf® polymer lar bakc&dowiet wf pol y (nmoen ohdaicsrpye(rastee )o Il
et Rwilxazol sineégpai nBOEMA)werseynt heti ceodnpamead wi t
pol ydi spestsedyinreg how hydrophi-dhaiinyditdhmergaists:
cl ass of . Tphoilsy mgesmoynstheaw egol vy &dii dpeerceohmai @as | ong
pol ymeric imacolelmsree onfy dir ad igourfftaecde ipo | g ommpar i s o
pol ymer brushes withissmbdadiTshpesr ses aluregdfman dier
pol y-mekyneyrdr ophoaliiedcsabét wae nmotndoies per s e side

comparwat-gpagol ylmedr opht eracti ons with gihei aguamu
similar to hydr@plyaidieMdo reexoatieormioo ore cr os A6 Py (

studies showedondh sstpelt 88 g @OEDXi nssi dieavour ed hyc
reduced the occurrence of hydr ophob(isci minltaerrlayc
POEGMA)whil e the presence of pol ydi sperse si

hydration and simultaneously hindered hydroph

a)
CVa g, Y27 vsd By,
& Y, % & <
%, o
6 o
9
o
o
d
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I n conclubBeopresence of siedd nelailresn gwiht hwi a hw

homogeneouscatn rpcoafucendl y influence the behav
on surfaces, since di spersity has significa
properties. This relationship between pol ymer

be expboipredute surfaces wit,acrhocdcuwli axtgeodn theyod rs
overroprieties directly dependentonff eamltihyggdr an
bi ocompatibility

1.1 m afs htehsi s

I'n this pref@olxazaolmega(az r yl atwe r(eOESOXnmMAhe s ugkd
CROPf -e2RRywlxazoline mMEO@XAP@r sobt ai n oépomiyxdti sper s
OE OMA whciocuhl ¢ ulbs e g painmti If y deids cionetiiog oonfé e 5i ned <c ha
l engOBGKA, with m=dkyimleadskt hcomammo(Gira@deg

I \\
0 / ‘
1) @—ﬁ—o—cm : OﬁJ 5
o] ' N

methyl tosilate : U HsC” \/\O)J\ﬂ/
)
]
]
]

OEOX;MA [T !
2) work-up
YJ\OH + \/N O?J
N~ ’\/O\nJL o
HaC N

/( methacrylic acid trlethylamlne
N7 o > HaC’{' \/+ )H}/
/

o © i
flash °
CH4CN, 60 °C, 24 h, Ar chromatography . _
EOXA OEOX,MA OEOX,MA ‘n_

'
|
!
|
)
|
:
'

CROP |
: OﬁJ OﬁJ 0 e R |
1
f
1
|
|
)
|
f
|
1
)
1

HSC,N\/\N/\,N\/\OJKH/
04‘1

OEOX;MA

Synthesis of oligomers

The separat edouwlld gtoumseerds bes macr omonomers for
pol ymet hacr yl ather o b g b kpbBoAneme r iuzsaitmgotnh4rd y a-A-o

(((dodecylthio)caraoa®MeCDP)ownk) ahcbpap,andlmtaaisr iem
' i bopoV y[ eeltikgyoX £z omhea tnhed clrFOEB@MADbr ushes with de
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The RABTYymer waatipemr formed also onsapsol gadmtspel
obtaini ngMAPOE QR heg & e

o o
ol A

HaC nO > n

AIBN, DMF, 70 °C, 24 h, Ar

Sl
RAFT HsC \(
K POEOX,MA /

OEOX,MA

By obtaining a series ot#tchpaoilny neernsg twhi tahacdb a nnsctrael
l enf¢rtilgp@Be it was spousdsyi bhloew tda spersity within |
botktdesh (bf p@dmmmmer s it hermenesp amsdi weadbesgbi | it
indirectly determinedmdanmtrosgbd@dw STi fnfeearseurrte |

architectures influemyes ophopricetiyes rel ated
Monodisperse bottle-brushes Polydisperse bottle-brushes
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CHAPTER 2: MATERI ALS AND METHODS

2. Material s

2-et RylxazolineAl d6i gma, met hyilAl d oisghe)d to@(i d(rrSii lgen
Sigddy)ichcal ci um hyAd dird &€ h)(,Si gmea hac+Ay Ildir ¢ c ha)c,
triethyl amhher-®@T&®P®m, 8% i gtvhchnd,r i c h) , di m€ahybf ot
Erba | ithium BAlamiide)(, SCaypndaod rEirbtaCl pl &t ek 60 F 2
si |l i c2a3-00edl mEGsgpAd d) isamd-7680 mesh -AlSdrgpnoahassi um
hydroxi deAl dgi gimhl or of cAlIndr (sGohdimuam bi car b-onat e
Al drich), sodi uvAl crhil olr)i ,des  &Bii pArlad ul phat et €61 gkt

(stabilized wAtL dr iBAH) , Sdigental eArl adme tchha n\e Wt ,hiagino:
met hanol -All & gomha) , potassium -Akdmiaodypakd £ (
((ofddecyl thio)carbonot hiBdyD )p htal itmoe)t pr earhtyadmr aif cu r aacni
Al dri ch), di azaleeagec I(cSphlsgdnda. Oh undenet haal di iodh d ¢

petroleum eAheéri ¢I8) gmhy dB78¢ h ISoAlimdar iacch ydo b(i2s @ Aj
met hyl pr o (Bii @gmiat rAilddegit dly)l, e tAhedrr i R ggrhamami n-e ( Si
Al dr,i ¢iexane ,(V&MRYmi num oxi de ( ac€eAtlidwatcehd,, baacs
( VWR)

2.12nstrument s

Nucl ear Magnetic ResonantsMBpeadeNrMiRs csoppeyc t (r aM Ry
recorded wusing a Bruker AVANCE NANOBAY spect
equi pped with a Varian 400/ 54 magnet (9. 39

det er mi ‘&dMRomspectra were recorder on a Bruker

MHz , equi pped with an Oxford I nstruments sup
BBFO. Al the spectr gagawesel takten using CDCI
Gel Per meati on Chr omaGP@r aphyg matGhlPgl)a ms wer e

Shimadzu NEXERA chromatograph, equi pped with
with SDV Emchangicbe si ze, with pore size of
mol ecul ar wei-§bt k DangorOd 1kiDBa8 pect i vel vy, and a 1
detector. The mobildipeadhgl tosedamade N( NMF)  wi

(LiBr) 1 g/ L, with a measur ement fl ow of (.
cal i br atpieonf owaned on the instrument using pol
standards of known mol ecul ar weight in the ra
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Laboratories Ltd. Each sample (~2 mg/ mL) was

porositgmokdef0ar2e®d t he i njection.

Mass spectrometry with EHBRIc)iVMasprapedtomo mattn \

were performed using fast flow injection anal
series HPLC system equipped with a mass specH
G2245D) and an ESI sourceOecshpeni ati m@natzadifolnow
in positive i on mode under the following conc
flow rate of 5 L/min, dry gas tempek¥fucapiof]l
vol tage of 177.3 V, and skimmer voltage of 40

UWi s spectrdd¥Vsopypectra wer e t aken onVian A

spectrophotometer -egat eppedhevi mbstaat 48 cuvette
AC. tFuorrbinea $ yrnesAgia ent S/ARY sgple cWM ophot omet er
t hermoelectric cuvette holder with ethylene
perform a temperature ramp of 1AC/ min from 2C¢C
used was a quartz cuvette with 10 mm o pxteidc al

wavel ength of 700 nm. Al spectra were taken
mg/ mEome of the turbidity measures were take
programmabl e temperature ramp, t hough stild]l

AC/ mi n.

Ul tra-Pddri fgdhr manc e Liqui d Mahlksrso mag eoqytr raqshepdSp) y (U
UHPLMS measurements were obetaemias é& yc ltroaydautcd g

coupl ed with a maistsh speqgrt® bamed@GHfudi ng a 1100

Agilent Technologies system, equipped with:

T Hi P sampler (G4226A), with the fal/lmawi,ng]oce

Speed eolf/ miOm, Il njecteLpn vol ume of 5
T binary pump (G4220A), with the following ¢
composition gradient as foll ows:
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Time (min) H>O CHsCN

0.00 95.0% 5.0%

5.50 70.3% 39.7%

10.00 60.2% 39.8%

11.00 0.0% 100.0%

12.00 0.0% 100.0%

13.00 95.0% 5.0%
f column compressor (G1316C), with the follo
T UHPLC col umnrev2O0ORBBa#isXe HE&LCmMnN;
T diode array detector (G4212A), with the f
reference wavelength of 360 nm, acquired w
T ti me of f bpyainegmeé a@fuafdlrFlyOm)g njalsOsF /s ect r omet €
with Dual AJS ESI as i on source, with the

250 AC, gas flow of 15 L/min, nebulizer pr
of 320 AC and efhed2 hLigmisnflwwth positive p
(no "MM8asures were performed), nozzle vol't
ionization of sample molecules was done us

agent .

2.Q3l i go (2eotxhayzlol i ne) s through CROP

Synthe®EOMAf wi th a DP tar gret RRYpiix a2 o EOK)Awe(r e
transferredrtieedam oanan bottom f | as2f oand4arhhy d
distilled at 155 AC undei edr gonmbi et aeak50 omhd

a screwable plastic cap, to keep the distill et

apparatus was treated-awigtohhr 3 toy wilsees ofn wadwweun
trace of humidity. The final volume of EOXA d

6 mLmetfhyl ™MeOi))wate {{ransf erdreided or ann d vieat t on
anhydrifietlowi 2 BaHthen distilled at 145 AC

flask with a rubber septum under argon at mosp

B 1



with 3 cycl-asgoh pacaoumto use, in order to r.

final volume of MeOTs distilled was 4.3 mL (O

For the terminatimgtisadcmuyMAd, e0biS5® @l lvpefrz dq | t
through basic alumina adcddi ed amecdred rledt t @omafmlida
rubber septum and degassed with &arcegdmnAGi il
were added, to obtain atrli eg/hnyllEgSwmelnuet i{ona.n sif 2 rn
an odened round bottom flKGHK faomrd 2amhyTharf,i ed.
(0. 0556 mol , 2 eq) were filtered through a PT

for 5 minutes.

For the polymerization, 17 mL of dry ACN were
the distilled EOXA, to obtain a 4 M solution.
with an argon degassed syringe intaon tkhegptE®XA
at 70 AC. The conversi ohRANMBRssdetkey smt akidng hs an
reacti om0 clmuaed 2 h, with an argon degassed s
the terminating solution wasntsahsteonedviiiht
degassed syringe and kept at 60 AC for 24 h (

For thepwotke solvent was removed under reduc

redissolved in chloroform (250 mL) . The orgart
saturated solat2i on 200f0 NLlHCGnd finally with br
phase was dr%@d foivletrerha, and the solvent wa:
pressure prior to addition of 10 mpooy mMmEHF zat d
of the oligomers. The final prodygt owaslpifltceewa
yellow solid (9 g). The chemical structure a

OEOMA wer e det #HNMiRn ech db yWtSP L C

2.@hromatographic separ at-e bm3rdoxfa zdoil sicnree)ts

1.5 g oMAOE®DX di ssolved in the ming:nlum Tahreo uonbtt
solution was then purified by flash silica ge&
cm of di ameter,-4packedli wat meg&BOfor 15 cm of
perfor med gradient of mobil e phbas@CM:rMenDH9 9 :1|
particul ar, after detecting the spot corresp
changed to 98: 2 OIKCain gMedHaggdihrenby i ncewearsy nmge w

B 2



spot detected. When all the desired oligomer
washed with DCM: MeOH 80sMAQ. ther vblauameg of OCBOX
approximatively:

of 99:1 DCM: Me OH

L of 98: 2 DCM: MeOH (after the first sp
L of 97:(3afDiCeM. MehCeH second spot detectic
of 96: 4 DCM: MeOH (after the third sp
of 95: 5 DCM: MeOH (to fully separate th
L of 80: 20 DCM: MeOH (to wash the col um

= =4 4 4 -4 -

oSO r»r O O O B

o - o0 o0 o1
[

To ensure a steady flow, argon gas was insuff|l
set at O. 5f rpascit.i oShi ndgdteect i on wacso afg erdf olrLnG ds hu
stained wsbhuKMop®, and DCM: MeOH 95:5 as el uen
sol vent evaporation wunder reduced pressur e,

vacuum, to obtain an oidpplesaorot berl esel awbadl el
haa yell owish colour). All the dmatcd i bnes. wkhe
oligomers were ®hNMRaaneeSMSed by

2. et hyl ation of CDPA

The procedure followed is pateWd2d0 H/yl DAIMPION, T
Al, Page/ Page column 3; 5.

A sol utdyamd-@(f( dodecyl t hio)carbonothioyl)thio)p
eq) in dry THF (3 mL) was transferred to a r.
with a rubber septum) for 15 milMA&ndefibddnndge
di azabicycl|l &dfehed.(OBWndeec 076 mL, 2 eq) dr opwi
syringe. The mixture was stirred for 5 min, t
added t mr Bleegghasas ed syri nge, and t heed rfeosrul1t8 nhg.
reaction was foldmwsipleithaomgth Ts&E€Chegu D COMMtIR easr

eluent and using a 264 nm UV |l amp for spot de
di lut edthewianle, nf i |l tered, and -htehxeanseo | iTdh ewafsi Irtien
was washed with dilute sodium chl,ordidleut(el 00
bicarbonate solution (100 mL), and water (100
with sodium sulphate and filtered. Then, the f

B 3



bottom f 1l ask, and the solvent was removed und
(0.0639 g, 61 % yield). The fi HaNMRIEDMRcaANndas
MSESI .

2. Boly[oktbyg(Bxazoline)]s through RAFT

POEOMA and RMALODX(n discrete) were synthesized
50:1: 0.2 macromonomer : MCOPPndl BMF mas asolraento (

concentration). Il n a pMAy.gmeacarl o npor MBoBreediuM=, 6 QOB O X
g/ mol , 0.4438 g, 50 6q) Al BCGDR O( . 8ngmg 0. 2 eq ) .
were | oaded in a 10 mL oven dried schlenk fl a
30 min. The polymerization was carried out un

conversion deter nmitnalt iho mnwle r2e4 thakenm ough an Ar
strong Ar flux. After 24 h, the reaction was s
was precipitated into a |l argeemixciessged atol 50
12 minud epr.eclihpi tate was transferred with the
bottom f1I ask, the solvent was removed under
( POEMA, 90% convers-dongpdwae Dbeare a white poc
final product wal-NMRaamadt@®PCzed by

2. Engd apping of POEOXMAs through aminoly
groups

POEOMA and RMALDX(Nn discr-eappedewet bBntdhiols thr
with a | arglkutxlceamisnef Ihn a typMAe giIM=pBOcOdubDa
57.4 mg, 1 eq) and THF (3 mL) were transferre
rubber septum and the headspace was degassed
butylamine (16.6 mg, 50 eqg) was nitno etchtee dmitxhtruor
kept under stirring for 24 h. Then, the crude
et htemerent ri fuged at 5000 r pmtfeorwals2 tmiannustfeesr.r €
mi ni mum quantity of THF in a round bottom fl a
pressur e, and the $tMABESIH) prwoadsu-afti elePzZGE®@ X o bt ai n
powder (42.8 agd 96604y ACHWMELO reacti on was foll
UWi s absor ba(hwev eslpeercgtria r ah@@ oofh) t200ed0 mumr s f i ed
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before and after ami nolysibnt @ rostibtbys ed fr ie 0 d ehreb

moi eiatbhis®s bans.e band

B 5



CHAPTBRR RESULTS AND DI SCUSSI ON

3.9ynt hesi s MA OEOX

o)

1]
1) —@ﬁ—O—Cm

O
methyl tosilate

O
2) N(
OH * ~o ﬁ)
b 0
L i
N o methacrylic acid, triethylamine N
> O
/ H3C )

CH3CN, 70 °C, 24 h, Ar
2-ethyl-2-oxazoline CROP OEOX,MA
P

[EOXA] : [MeOTs] :

Oligomer [MAA] : [TEA] DPwwr DPms M, (g/mol)
a) OEOX,MA4, 4:1:2:2 >95% 4.0 / / /
b) OEOX,MA;, 3:1:2:2 90% 34 / / /
c) OEOX,MA,-; 2:1:2:2 >95% 1.6 1.7 270 /
d) OEOX,MAss 5:1:2:2 > 95% 5.6 54 634 1.15
e) OEOX,MA;s 4:1:2:2 88% 4.4 4.5 544 1.13

Thaverage degree oNQweadeyimeuli Ethd P na @ dT avb).e

Al'l the conversion at 2 W&NMRs WwWegr é o¢ dloovii Ingt ¢ dh
intensity of the signals of t heHparnodt i3ns7 eprp nt, h
ChR)(Fi gade Al I signals were integrated by nor ma
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carbonylic proton of DMF (8 clppof, BMREL iaadfde@bd wd:¢

sample). Theefdor mallzul ati ng conversion i s:

bp % pTT
wherieslthe intensity of thetsiaginallt md it rmtee noin
signal of the monomer at time O.

Theé&Oof each batch could WEMRRY cdi ait ddnd heaaolp
(normalized toCHate F.i@happm)f MNy the number of
corresponding to thGhH-at h| 3L&@p mdl 1&h agiBne (

d e
DMF /( o 9 £
OS—OCHs b
N/ ®) 1]
\_/ d e O c
ab
a
e d f
C
¢ 4a
t=2h — 1 ~

4.0 3.5 3.0 2.5 2.0 1.5 1.0
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b

f/f e

CDCl, d”
f/f
A A " \

I M ‘b ! I '_I.

n wn wn M~ O o [=2] ()] [2)]

o o a N Q < < -

o o — N 32} ™~ M —
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0

5 (ppm)

IH-NMR (400 M#d, 6CDGILH), 5.60 (s, 1H), 4.26 (1
(m, 12 H), 3.01 (m, 3H), 2.32 (m, 8H), 1.91 (

&

$0# ( X—wTSI
q

$0# ( pf\)p 181

I n HINMR spectrum of tMeF{puddd omal OEPOXKal s appe
(e.,gChH-at 3-CB2a,t 3-Cmt 2. 3ZLHK@mgm,1. 10 ppm), and t
the fact that the product synthesized is a mi
di stributed with a certain dispei$9i tlyndeereadyn dal
signals related to protons t haet.,gd@ nat 6r.e0pbe apty
CH at 5. 6 H@AEM,4N-Q1g at 3.01 -pHpant, EC91 ppm) anp|

sharp singlet, ors,otihnedriwiaste nags tnhualtt idpilfefter ent
t he chemical shift of initial Th®dNMR rsmigmmdl spr.
in accordance with spectra reported in |liter

procedure

B 8



Through -MEHP&aCal ysi s, it was pessMbBbdred ft or ctalh €
polydi sper sée hel iU eCran.al ysi s was @perbdoe madr a
detector ( DAD) , which detected the wvariation
presence of met hacryl at e moi eti es. The wave
corresponds to the absorbance maxi mum of me
oo igomer of differeswttbhtthe & aimeethhanitnd slserntgyt h( d
influences the mol alate200Onaomi borcobefieramnnal
possible to calcul ate the r eltahtel vnei xatbuurned,a nbcye i
each peak of the DAD el ugram, aaed atrteeen scictnywn gr

the for mul a:

, )10
) By1oP™"
wherndarle tehger aifnsteach signal . I n this way, a re

obtaj newbdwocuhbd equi vanioelnatr tfor aacti on distributio

chain | engt h.

n=1
55.4%

42 44 46 48 50 52 54 56 58 60 62
Ret. time (1)

OEOX_MA, ,

B 9



h=4
15.0 % 17.8%

n=2
9.9%
n=1
7.7%

44 46 48 50 52 54 56 58 60 62 64 66 68 7.0
Ret. time (min)

J

40 42 44 46 48 50 52 54 56 58 60 62 64 66
Ret. time (min)

MiMwangdcoul d be ftrdmutl meéierd def i mneutmboenrs ,o firodnpol | aecs
each oligomer Bpetegermbdtaaitrnhad hfer om ,t haansdV8W a n a |

as the molecul ar wesipgehcti essf each ol i gomer

40



B-7. | B-7)10
B B)1T O
B-7i B-7 . | B-7)160
Bi B-7. B-7)10
M —
$0was <cal asl dthed s umo | ;afr tEhoeh c teia@mh ol i gomer i n

weighted by thefcbhach bkngodmert he formul a:

$0 B) 1

BT)1 O
o)

The DAD es$hgwadislai kbeelrlel ati ve i(hitg@BY4EIityBm@e st r

FigB8B3aevhose medium values wer & 0dal cawclceotredth ntcrer o

NMR. For higher mol ecul ar weight oligomersg (n
|l ess reliabl e, due to an i nsufafnidc ibermotadseep aarga
peaksthat resulted in unresolved DAD pe&Wks. H
came from the | ower mol ecuil.aehewemogshtt porleisggonme)r
val ue$0cafl cul ated from the relative intensit)

calcul at eld-NMRdg iofufgéhr i n@l.only by K

For ORNMAX7z di spersity was not reported, since i
to the fact that, for that oligomer mixtur e,
ol i gomer s, resul thelgi dies tarni baustyi nonméFtorfi Gc, e ewgi utehn cai
maxi mum aemoe=cal cul ating di sppienmca td/i 4 pesresi tiy

tetandard deviation of““jmol ar weights distribu

The first two batches of MA.iaghdmeOfH@Xuy we h e s in D d
analysed thrM3i,ghangOPthiCé d only be cNMRI ated t

41



H C/N\/\N/’\/O\n)l\ Oﬁ) o 0
s N N
O)W o H!C/ NS \/\OJ\[(
o od o)
n=3 H C/N\/\N/\/N\/\N/\/O\'HJ\
’ )‘\I )‘w S
}) o] o]
Q.
o}
% n=4
/N\/\O

n=1 Oﬁ) Oﬁ) o
N

o}
ho” \/\N/\/N\/\N/\’N\/\OJ\“/
3
4 o o)
5
Oﬁ) OﬁJ o
\ \HL

Ay SN SN O

HaC
o o o% °©

n=

=}
n

o

44 46 48 50 52 54 56 58 60 62 64 66 68 7.0
Ret. time (min)

UHPLMSanal waiss glesd or med ot al ion current (TI1 C
elugram with similar retentbodi ftfiemeessntofditshe
intensities, olmegomenrgs tvhiatthc vwahrdvdng fleeegt h i on
ef fiica(BeingcB 38y extracting the i on current assoc
the protonated mol ecu(lBIrCimmndgppry epedk odfi gtome 1
be assigned to the corresponding oligomer, <coO
present in a detectMAd e wambent hinmeebsQverdas s e

close to the(TadbR)iemated one
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Molecule n MW;, (g/mol)

MWeyx, (g/mol)

[OEOX;MA + HJ* 1 200.1281 200.1281
[OEOX;MA + HJ* 2 299.1965 299.1969
[OEOXsMA + HJ* 3 398.2649 398.2657
[OEOX;MA + HJ* 4 497.3334 497.3342
[OEOXsMA + HJ* 5 596.4018 596.4023
[OEOXMA + HJ* 6 695.4702 695.4717
[OEOX;MA + HJ* 7 794.5386 794.5393

GPC analysis were conducted
wernmeo stsima ltlhearhne | ower | i mit
calculated in a reliable way

and assigned to the smal(HiegrQ fireo st

n=5,67..

t el eod ulgaormewe ir
thedicostdt dument

usi ng

2.2 2.4 26 28 30 20 22

logM
OEOX,MA,, OEOX,MA, ,
I n every batch of oligomers
90 %, and this means thaweradnmogstpoalkt et he nmon

Mor eovef¥Omeabered was al ways

4 3

26 28

synt hesi zed,

consi stent

met ho

present



the correspondimmegann em@c tti heawa st hree akfhed . evidrn s
eventually proveest Rybhaa z €IRiOfPe oins 2a r e prreoaawtcii dod
to obtain oligomerchabéhndebired average

3.@hromatographic separatMAsn of discret

For optimizing the oligomers semaermreatiter,t ewWa roir
pl ates to find t he95bedbs tDCgreahtieiOebinetd taos utshee best
separating each ,olail d@mwe mgord osi liideati ficati on

to ol iwiotmereshai nn+® ntg#@ab5hhof reonnsur e t he compl ete

separation of tthhe ccalhugomdrosgg qaipihryed a gradi en
phasashieved by preparing mixtseswes hotdi DCHMr amt
from 99:1 to 95: 5, mwaodagicnh atnhgei ncgo Ituhnen eel vueernyt t i
detected on TLC, performing a manual gradi ent
aiming for the isolation of oligomers with n
an automated preoepamat icshe ofmaaolgr aphy, with mor

—

hat can hold hikagrheAr ,premsW\V ededtfedNt or system
coll ector, i n order to precisely tune the gra
up the rpgocedparate grams of isolated ol i gome
perfor maldl dhhasd t o obt aisipe ciiod sagtueadn to ltiigeosmesrp anr
to 0.05 g, starting from 1.6 g of mixture, i
mol ecul ar weight s, but eventwually proving tha

a quantitative way.

Theel ateicvoevrea lemlat ched quite well the frequency
MS anal ysi s: t he hi ghesrtecquam®ot yt h@ef se®lpiag @l
OEOMA . wer e QMO Xand sME@KiIi | e f MA ODEOXmMost presen
OEOMA and :MEQOXbwmnthmccordamdeowi thet hehBak3)eng be

Rel ative recovered mass and rel ative recovere

Pbi ——— pnmn

4 4



where m is the recovered maisss tdfe tthod adl irgeaocmerre

is the number of mol esocacfe tthhe dloitgad merecoweaied

Sample m (g) 2‘;%2?:2'- MW (g/mol) m(g) n(mmol) m%
OEOX:1MA 199 0.08 0.40 74% 153%
OEOX:MA 298 0.13 0.44 12.0% 16.9%
OEOX;MAss 1.6 OEOX:MA 397 0.23 0.58 213% 22.2%
OEOXsMA 496 0.32 0.65 296% 24.9%
OEOXsMA 595 0.32 0.54 296% 20.7%
OEOX1MA 199 0.47 2.36 499% 61.9%
OEOX,MA 7 1.0 OEOX2MA 298 0.32 1.07 339% 281 %
OEOX;MA 397 0.15 0.38 159% 10.0%

Eacphuri fi ed odnagloymeedididtRo bghkESMS t o fully chal
ol igomer species 1isolated faatdhet oi scod mftiersia & maoannx
supporting . Tmé oEI&latspadtr upMADfE OPOBEOXer mi xtur
separ asthhoomns)y signals with m/z correspohdgamen
speciesith a constant difference of 99 m/ z bet
t he mass of one Brye pceocanipianrgi nugnitthi sESlpesp e atmr avi a
i sol ated (Pilg@®aeaamse values of mirovamg fthwand t h
was indeed isyuec.tesasefmbnédi spersity was achieve
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222

n=4 i
519 321
n=5 n= 2
n=3 618
420 30
n=6
717
n=3
n=2
321 h=7
n=1 816 n=8 ST S SO
2 L
PR, . S .l e emeatadh b L em PR SR 519
. ‘ : ; . ‘ . n=4
300 400 500 600 700 800 900
m/z (Da)
618
n=5

300 400 500 600 700 800 900
m/z (Da)

As expected, fHONWMRt spestaakeoedFith@FTeol t pemens el
of tHINeMR signals related to repeating units |

(nor mal i zedpatto 3t.h0el N pm) . Mor eov®#iNMRa shrgmad en ic
be observed as the oligomers become | onger, d
same type of protons with slight variation in
uniMer.eover, the broadening of NMR peaks can ¢
solution for | onger oligomeric chains.

Whil e @BEOXan be consideredsdMBRmMapeécmolmcpl €5 e

peculiarities, s uc h-Cddsmett hey | s plriotttoinrsg sa fg ntah e (|
appears as a doublet. This is due t«€=tOhdomart
bet ween the carbonylic carbon and the nitroge
equilibrium bet weeai ttiwon | foowr etntee gyr ups dir ecH

hence splitting the signal of the mezddhyle.ctT lyi

bonded to the nitrogen (at 3.62 ppm), whi ch &

simple Thda psiegnal s associated with protons t|
4 6



gradually |l ess influenced from this effect (f«

ppm appear as a singlet).

42 40 3.8 3.6 3.4 3.2 3.0 28 26 24 22 20 1.8 1.6 1.4 1.2 1.0
d (ppm)



34Met hyl ati on of CDPA

N s CDPA : CH,l : DBU CN S
1:5:2 O\n/\/i\ )J\

HO -
MSJ\S%\)H »  HsC I s sHj
O THF (anhydrus), Ar, 18 h

CDPA MCDP

Thi s reaction wamethegid fad emetdh et oc haidw y ardFoan s f
(((dodecyl thio)carbonothi,oyh) tchoimm)ep €n tadnn oQ TcAl ea
protect the terminal car box yFliigcBrygr dbheg @moc¢ ad
foll owed was patented by DUPONT ELECTROQOMeLCEH,

used was greater (5 eq), tios ehnisguhrley av ohliagthi lyei.e |
of the methylating agent, a precipitate start
organic base with .t PAd tieadilBeh,( DBU ensure t hat
TLC plate was r uneacadarotdei minndg ,pausrieen gCOPCAM: Pet r o

ether 9:1 as eluent. Under UV |l ightindi aawi ¢
the new compound interacted | ess with the s
puri ficaHiNMR((Fi g BeYel T-NMR(Fi gwWrfeand -BMMSIFi g wdrle

confirmed that the amber oil obtained was ind

4-cyahAp0((dodecyl thio)carbonothioyl)thio)pentan:

H-NMR (400 MHlH, 3GRCI3H), 3.32 (t, 2H), 2.63 (m
3H), 1.69 (quint, 2H) , 1.39 ( m, 2H) , 1.26 ( m,

1C-NMR (400 M#Hjz, 2aDpCl07, 172. 08, 119. 14, 52. 25,
29.76, 27.82, 25.01, 22. 84, 14. 26

MSESI ( Mé&QH/sH gnaHsNGSs:o M M+4Na0] m/ z

4 8



g-n

@]
H CN 1J N R t G Y
C\O S\/\/\/\/\/\/
C \ﬂ/ I n o) T (i U
L s
p
C
0}
H20
d
a e
JMM M f
e e L e e e
38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08
 (ppm)
(@) e
c I CN a §] G |
H3C\O b S n S\/T\/\/\/\/\/q
c f \n/ R t a \4 vt
n S
CDCls
c,d,i-s
t
g
a
f
b
e

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
3 (ppm)
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[M+Na]*
440

430 440 450 460 470 480
m/z (Da)

I b

i o

38 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 0.8
& (ppm)

A compari sYNMBRf sphetra of commer ci al CDPA an
(MCDPshows that all ttse oseamadssls &Reepfta new s
correspondCoOQ@Cxtpa ottlopens appeared at 3.7 ppm.
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35RAFT polymerization of OEOXMASs

OEOX,MA : MCDP : AIBN
O
O 50 o1 0.2
H3C‘GN\/%OJKH/ > 0" "0 Jgo

DMF, 70 °C, 24 h, Ar R\n
OEOX,MA RAFT |
e
POEOX,MA

Mn,th Mn,exp W ﬁ

Polymer MW._iig (g/mol) (kDa) (kDa) (NMR) (GPC) D
POEOXMA 199 79 % 7.9 7.3 35 37 1.09
POEOX:MA 298 73%  10.9 8.4 26 28 1.09
POEOX;MA 397 91% 18.0 13.6 39 34 1.24
POEOX4MA 496 76 %  18.8 14.5 / 29 1.53
POEOXsMA 595 5% 223 15.7 / 26 1.67
POEOX,MA, s ~544 93% 2563 222 / 41 1.35
POEOX,MAs 5 ~634 0% 285 300 / 47 1.40
Al |l t he saotnvZ24d shownmr s wer e *HeNaMR,u | bayt efdo It1horwoiunggh t
in intensity of the signals of the alkene pro
=GH) . All signals were integrated by normali zi
proton of DMF (8alppenady )pr e h@gritgudale Toéeévieat mul
calculating the conversion i s:

B 1



) )

bp )— pTT
whernies lthe intensity of the signails otfh et hien tael nk
the signal of the alkene proton at time O.
DMF CDCl,
I| O
‘ 0
| HsC N}
© CH,
| “
| H” “H
i a/a’
I
[
i a/a’
|“" / \ |ﬂ|‘ I N a/a,
A ‘ ~ N N N t=24h
| | a/a’
| | “\
‘ ‘ [
N | a/a’
[ I )
| ‘ | I
"‘ \ 1 A
e S \ AN A / o\ t=0h
8I.2 5.0 7‘.8 7‘.6 7I.4 7‘.2 7‘.0 6‘.8 6I.6 6.4 6‘.2 6‘.0 5I.8 5‘.6 5‘.4
& (ppm)
One thing to be noted is that the swaeamonemet et

pol ydi sper sepMéune sOEAXE)O,X whi ch coulidn itnhde caaltieg ¢
mi xtur e, s osmee conlidgghd sme tahwigthlker pol ymerhamtotomernr
haivhnigi gher contribution ofTabHWe ©ObfVercaolmMpacedyv e

conversions of monodi sper se ol igomer s, t he
macr omonwimeh sn = 1 (79 %)T hagnadl unensef o3t If & 0P6) n al p
wereompati ble with a controlled polymerizati on
bei nOgE ORMA OBMAXs with n = 1 and n = 2 praoduced
(1.20), meaning that they went through an opt
ot her olHaogweneears,. al l the differences observec
mi ght beedwewfeaadltoor s, such as residual oxygen |

species and purification procedure.

LBl 2



To obtain polymers of similar | engtih;gdall,| btyhe
usi nngacan@nomer : CTA rTahtiiso roef$ ®@reldi nngn i n6iad7,r ange
since none of the polymerhizah ¢ ® Ots(Wamte a2c4hTetde uar sc)¢
$0f or all waelaymet ated through GPC analysis usi

" h
-7

$0

wher®epdM the number average molecul ar weight o
and MWs the molecul ar wei ght of the discret
mol ecul ar weight for polydisperse oligomer mi

Some of the mol ar masses means txpeadr ef rlooowe®@P G h
t heor moli aml ntaaslsceusl at ed f r onpx hc oannvde rtshitdsre i(s\d ldyme
architecture which infvolmnmes ot hée halynpdeagne a si
pol ymer s hawal meech hydrodynami c vol umes i n S
pol ymeeacause t he chianensmoarree cfoompcaecdt c lcotd oe anah i
other. As the GRPRGvebratied oust &wedadar d i(pReM)yAner s
comb pochpmenr at avdlauymeeslUltiog in an under es
mas s€Bhis was true for all t hp®Apso lwhnoesreswaMe X c e [
actually gread, e Thhancobhked Mbe deriving from
conversion, possibly from an overestimati on

signals due to partial evaporation of the ref

For some of the polymers wiMA, sPitadAXe rP GHAXe, c he
it could be possitixiiidR, tlby cmdercaxwdhatt @gngl s t «
signal of the protoesbértgeotpyr mdeani vimedg hyyt or
used (G@OCRHB. MFippyd)e For | onger polymers, this
covered by the bEO®XdddWwWanwisi didhetrhes harp signal s

could not beeedsoppbredng information)

H-NMR (400 Mz, 4CDBI,(638 70 (s, 3H), 3.65 (66H)
1.85 (66H), 1.15 (113H), 0.90 (105H).
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e d
a f f
T (L T T — I e T‘—\é—‘
n n o) o ™ — =)
N 8 < < M M %! 7o)
o) AR o Q) © — o
O m O — N O — —
T T

42 40 38 36 34 32 3.0 28 26 24 22 20 18 1.6 14 12 10 0.8 0.6
d (ppm)

POEOX,MA
POEOX,MA
— POEOX;MA
— POEOX,MA
— PCEOX,MA
— POEOXMA, 5
= POEOX,MA; 5

4.0 loght 4.5 5.0
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Stacked GPC traces of allnwpdlhy menrcy esalsow gi rsd rde
(Figdhe Ths sewpleacst ¢ fdeepM mds nl y on the mol ar wei

macr omonomer and on the degree of polymerizat
POEOX ,MA; ;

POEOX,MA

POEOX,MA
“ POEOX;MA

ﬁ/\L J\l\L POEOX,MA

40 3.8 3.6 34 32 3.0 28 26 24 22 20 18 16 14 1.2 1.0 0.8
3 (ppm)

St acKNMRs pecdfraal |l phoéwmethkratsi gn DIEsK iode tchheai n
becomeoader and meresidet €«elh;ae ns gets bigger,
backboH a¢ 1.8 pPHlatan@. 9 ppm) remains al most
depend on the degree of pdHiygnefd zati on of eac
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36End apping of POEOXMAs through aminoly
groups

NS
HZN/\/\ H
n-butylamine dodecyl butylcarbamodithioate
(byproduct)

b\ T et

0" o
C o
n
N THF, 24 h, T mp, Ar
H3CX \n/\ amb ] CXN\H/\
o Aminolysis s 0
POEOX,MA POEOX,MA-SH

This reaction wasa@oncdcec tpeod ytme r esnbdyri & rho vai ntgh i toH
trithiocarbonyl terminal group meaeim@lthel dc
measures could be conducted,-psl pmerthggrcegtt.i
dodecy-chaind was removed, making tdmesi £883T n mo

i nteractions.

One main indicator that the reaction has happ
solution afte+tuttlyd aand chiet.i d mdefedn after only 1
the solution went from yell ow (rduwmeget coft Ha gah
trithiocar bo®ytbk rgarncsuipt ivoina) at on col our |l ess, mean
groups goMockemwveadk. lbsorbance spectra of the
aminolysis were taken o(ns)e e tsougpeptohrstiisnvga bi Bnof rrobr dom
spectrum of t Hea gids9el at ed CTA (

The spectrum of MCDP presavinti € htt yawiead Is daifoataa & o
group3hey asasmchatAgAdtrangi~t3ilddn nm, vergnAiiritens
trangi~t4i5dn nm, very | ow intensity), and these
obt aivneBRAAF Pol ymer.i zAfttiem <cl eaving t he trithioc
ami noltyhei absorbance band at 310 nm di sappeare
be detected since the pol ymer s nwabsa ntdosot hl olw wen
intensiti east27a0 prerarand 30G@&t nmoul d tbhee aftotrrmabtuitoe
terminafFi gbPeol s
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CN

H3COM P e W NP
o]

2.0+
o 1.51 n=>n*
(8]
[ -
@
£
21.0
< n = n*

0-5 1 350 400 450 500

0.0 L T M T T T T T T T M 1

300 350 400 450 500 550

A (nm)

Tereacgawaea se to a byproduct, call edwhodaddecypleabh
dodecyl chain resulting from the nucleophilic
This byproduct could be easily removed, tdamdug
the signals of the dodecéHNMR hsap encst rwem eo ff otuhned

| i qEi d&ne
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