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Abstract

Sedssembly is an effective approach for the sy
amphiphilic molecules has H#eéenr nwedtybmadmeiocel ege dAl w
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P(FpPYPCpFe@EOXPP PAhm = 3 aonrd 6Gs)mal | Fpa® IFpc uth ea d =

(PR Cp) Fe)CX)C=EChydr o¢ ar bvan erai lAs a result, we
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nanospheamgewainmts narrow PDI were produced. I n Ch
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assembling morphol ogyil iWiy,h timermaschi eimo It ehceu Ifd se xé
vesicles and irregular aggregates. As discussed
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are col |l oitchaPIDts traebmad nassndchar r Bjw. Hpn aacdydli tdieorni vtaot iPv(

or azobepPzome nzRepdy a@ande FpWer e synthesis for agqgue



behavi oy Az odbfe npeGe, as influenced by the balance ¢
effect of pyrene, is discussed in clsapareomabt.i cl n
interactions are predominant andaTdk /i weet etrh es yasst seenm
hydrophobic effect drives the assembly into vesi
behaviour of thie dssembds$ ed finamilhe hyarophobiby@rationw e

of Fe in theMCsomes(aqueous vesicles ahetal carbonyl complexegan bedetected bycyclic

voltammetry and fluorescenggienching experiments. Moreover, the hydration caadjested byhe
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hierarchical selassembly of MCsome§ he r esearch i s summarized in Cha
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Chapter 1 Introduction
ll1Sedaftssembl y

111l ntroduct itacsms etnb | sye | f

Seltafssembly has become a t?aprcdugegibwisganesé¢aec
the synthesis of compl ex orabertdgmedsrt sunldir@®igo gainda
structures and funkit g®i gt h &€ edbdeshdanybil@ritbnrgec s i selrye f e
|l i vi ng -acseslelnsb lsyel fChemi sts have tried to™Ai mic t|
typical example is the bilayer membranes .assembl
Living cel | bhuedsassesnebnibyd hanhpsamserd -eomp miopnhi |'i ¢ bui | di

such aswhpiroheis far from understood and requires

12Li ving @aaslslembelyf

The livi@agseaeambky smelefabhge of complex ordered str

DNA, parnodt ei n désseenmtellilesmembrane inspsréedheampelsiuph

amphiphil PONAsasmlempl i es are mainly based on h
ri giegdPt otein assemblies are strongly influenced
whiarmeo mpl icated anid® difficult to stud

1. 2Cel | me mbr aarsesse mbdlefd from amphiphilic phosphol

The bilayer structu#@essemblceed | frnoembphoseghoslei pi c

Phospholipids are amphiphilic molecules that col
head (1HB)i.guTthee bil ayer is formed via the associat
t hedrhoyphi | i ¢ ,hetahdussbit oi =via h @ r tThhee cfeolrlmende ncherla n ene mb r
pr odtencet cel | dawt aa lbshahses ker v Héoarted fprecrenmt ac e |
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membr ane is the most under s tasrsckanbll ¢, s tbrassetdu roen itnl
segreght hydraonpdh ohbyidecr ophi |l i ¢ segments which has bee

for the synthesis of agqgueous coll oids.

Fi gdatr€@hemi cal sa rsuicntguiree phfosphol i pi domeomposed

hydrophilic head andandvostlyemaphobi ep-tdaeée mtsat i
assembly into a membrane.
121Sedafssembly based on nonamphiphilic proteins anc

Exampl eemsefembely that occurmhei msisiembndg ecelolfs DINFAc laumna
are far more compltelkeethdhrmamr d me. fPHo Madx amp lod | arge
subunits surround a single RNAlIl ¢éogmhngf a3d0@bamcan
of 1 imgmn@This assemietyxplained based on the the

because proeghnbi abdi BNdesavpaempdhemhobi ¢ and hydr
2



moi eds elsi.piTdos bdeat d @r st and tthhee |cd ovmansge ecinebl My ,s e ltf i s
to explore the effect of f-aessembl| githhddsaeo tt irasn, atmip
effect of structural-asisgimhi bhgy dalsodEfruedtal i § og s DA

protein folding that wuswually is influenced by it

2.3 nm

Figada2e The schematic representation and TEM i
The virus was composed of a singdel fRNA and 2

assembled ar Rermpd otdhue eRINAv.i t h fdelr mi ssi on from
1.2.2 The influence of DNA structural rigidity on their self -assembly

DNA and RNA have no hydrophobic andebhwdoaghil i
specific hyHebogtemen bboafdeétnmias r sound t hat the confo
these biologidasmpmacrmaanmolf ®ecult &lee fd oredt madrtoisa m uaft
examplédgr dMap demonst rpaotisstdant h@B N A ttihodoefsa haeslg ladnb ¢ el f
i nto various 3D nanostructures, including tetra

conformational flexibil L)YThd Mahe drudupdialgs d | roed



t hfpeoasntar DblAut thissselimbt o 2D naasocclriyds tsaulrsf aocne. To r e
seddsembly process, t he r edwas nrgebdyu ceeeda B i li inttyer attct it
bet wtelaN A t i It dieo laind wshu efihe@die cr i t'i®Tchaal gir ciltey of t he D
could malksstmbl el DNA nanostructur edéThesbdi moti Usus
could be tmh@ineytedicitn on of swaedgtei nbtbpeeegrdeat ppot emn
appl isdi at isccraf fpl of assmbl mol ecul es | ike proteins
exampl e, as 4&3qwnDNi-ans skeilnuaekdd ihDNAO t il e with | mmobi
branched'®hwerset iDNMs t i-a sesse nchol wen @i gsfFéddiScr)e n@ahegr i ds

coul d ifruddaexkedrs embl y safr eprt eevtddadmn t e rfiacbdriicc adter ept av

arr.ays



S00x500 nm 1500150 nm

Figda3e a) Schematic represenasasemnl eod -DNAMI €«
endedpdiisnttar moti fs (tsi loefs)t.heb)DNA rieceo svaheend r o
reconstructeM ifmagrex<cr ym) Schemataisc embpirye odnt

DNA nanogri4dsDNAIitnigled strand structure follo
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strepn aazndit he bottom I magedFNMr Rmgpgesaacrerde s p on

with permis8&ion from ref

1.23The hydrophobic hydration onas$éemiplrytein foldin
Hydrophobic hydration pl ayass saenhibitinyd sr tween tl rkonloewni rt

surface of pideteililys Fjjgdo@thidampf the hydrophobic ¢
solubility and stabillida). oWi tplr ott ee na&s 9 ins twart ceg dfFi
and the structure characterizati o,n ioric lhuyddirnagt e MRw
Raan and dielectric relaxation (DR) measur ement s,
sensitive to th¥e.sp.l utooaoerrctornadtiitam,nspH and salt:
topogidmlpéayhydrophobic hydration of proteins can,
structure of the assemblies and their bi ol ogical
influencedhfhyomftalbhgrommt ei ns whi chpéesataséel gndf pelct Ad
understanding of the role of hydrophobic!hydratio
Proteasasembfy also depends'®or tetxea mpd ger, e ey mfb uh yadr 3
seddsemble aggowmegarésvudepending onldbhe Alotl mougm tcl

effect of t he hhyadsr dofieleeath repdfeydr d rioonn under st ood.
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Hydrophobic crystas

VIRAL CAPSIDS

l L AMORPHOUS
_ AGGREGATES
6 globular ba (IRREVERSIBLE)
Proﬁeihs Syt
RIBBON:

SU\CKS
POLYPEPTIDE
s E

Figa4a@a)lfhe schematic representation of protei

| (REVERSIBLE)
K

I PROTEIN
SUPER- %

Hydl'ophlllc STRUCTURES ,

anddydrophilic moieties are shown on the surf

fabricated by pReperodsced wephi P48®mi ssion fr

124Kinetic study on -adshseermhblvyi ng cell self

I'n the | ast decades, muttcihdyp rtolge e 5 b e hms @& yrheami cm:
struéiHowewv.er ,-astsheembs eyl fpr ocess f-gomar emontormeda tsu rt eos
cont idawruisi | buproessudts in intemrmappicalt dys tvraudtowr
barrierms cemd afior i nt e img W5 @*Fe r s terx wontp darsesse mbh ¢ D é |
l amins begins with the association of two di mer
direction (1). Thsubadipak mtsthpwihbh gEbE! avnwest i gatin
these different intermedi ates is possible by ta

essential to underastseambdltyherloicweissg cell s self



a Monomer
Kinetic barrier

Thermodynamics
structures

‘ Radial growth
Lamin .
; Axial growih |

Axial growth Radial growth

Figab eTh)e schemati c pHaesemhlay ipmo ods ssewift h di f
barriers. b) Schematic biological assembly of

i magReesp.roduced with gRelrmission from ref

I n addition to the study faddwsippgdotstkd m®tafiteer med
t hseeddsembl y hpwvecidmseastFioga tiendshtea nfceer, mat i bo(nB)o f amyl c
fibril st hprrooacgemepddsi cat ecds &éemiek y cp slé)}t .€ sNu ¢glfeoayiu irhen

sigmoi dal mo d e | alone is noAdds ufifoincilleanpt e otdoeednesc r



consi der eds ecionncd aurdyi nggr owt @ampboogastsonspavedre stalsd Fi

formation of thédebBebriKilneti Bowewarn,es are mainly
experiment al research is still satto iftesl |lionw atnlte csc
seddsembl y?processes.
Nucleation and Secondary growth Elongation
pre-nucleation processes processes processes

monomer aclivation

e

nucleation

S

maonomer addition and
nucleation

x-’f?

» =P

coagulation and nue fem.-un

m.'yformarmnaf rearrangement

Figa6e Schematic

=

maonomer H.\'.V”l"l‘a!'!l(”?
(r.md dissociation)

— (s

coagulation
fand fragmentation)

J'o(‘Amg and docking

&s
#
&

branching

&
Z

[fragmentation
fand coagulation)

loap closure

present-agmbmliny fporro ctehses koifn eatmyq

fibril Rgpowtdhced with Ré&rmission from ref
13Chemi cadassemlbhl y based on amphiphiles in agq
To mi mi e stslteembsseglrfiv emat ur e, chemi sts have made gr

modeglstems. Amphiphilic
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various nanostructures by taking adiiagwd.iag e of t
amphiphilic Dbl ocaks ceompmll e miertso cvaanr isedd nan®structur
Among these nanoanduaont veevd eBevesi cheensively stud
bi ologicabswmppl asatdramg de!li ng§WMogm.edvearn, viiveori es
mechani sms have been wel/l deaes$ dmigedh & voi ocro nvihreod  tame

amphiphiles are d%ed as building blocks.

ool e

micella
P snfface
Vesicle —
Modulated F
larmailae Parfarated

Lamellas el e

Fi gdf.e Schematic representationpofsstihbéeblsetk c

assembl ed n aReopsrtorduuccteudr evsi.t h Bér.mi ssi on from re

Ta nt r odauhceemitclaaal s esmed Ify of amphiphiles, we will fir

amphiphilic mol acoads g @rh osswyrhfod,d tpw hdt o | heacvuel ebse en en

10



for vari ou¥Suwmpyddicmetildywembl y of amphiphilic bl o
briefly *Pitsr adheecevce.si cl es assembled from block ¢
and potentially wuseful, the progress in the s

di scid%sed.

131Chemi cadssembfl y of small amphiphibic molecul e

Theladssembly of smalli @opmomplhy | isedoilecolreslife
for maryTlyeatrlseory descrbeéhadwiashrbe eas svermb | idreg el
critical packing par ametnert h(eCRBR) ucdrurhkee oda laanplhd ff
used ta hper esdirauscsteumbel eodf mor phol ogi @swval, T hvelveGPeP i s
repr adenlt sme of hydr &ipthednberfacial asea @ threchyditoghilic head, i

thelength of hydrophobic segmenésss h o whRi ¢ & e W& H3nspherical micelles are formed;

while 1/3 < p <1/2 results ireylindrical micellesandbilayer membranes are formed when 1/2 < pkhi.

planar bilayers formeahen the p = IThe conditionp >1leads to the formation difie inverted micelle€.

11



Critical Packing

Critical Packing
Parameter =

Structures Formed

(viagl.) Shape
Spherical micelles
=1/3
Cone
Cylindrical micelles
a
/ ¢ 1/3-172
Truncated cone
v—> I Ic Flexible bilayers, vesicles
e SIS
Truncated cone g&%ég gggg
— Planar bilavers
o J
~1
Cylinder
_‘J
@ o B
=1 . th 3@
Inverted gi@, @
truncated cone I
or wedge _‘;::?c%‘;. M

Figa8e The definition of

assembl ed

132Chemiceadbsembly based o

CPP

and i

from amphdmprhaducoce & uwiftalc tdrtmi.s si on

amphiphilic

a

Amphiphilic block copolymers consi st
coval ent bhds ThEsgum®el|l ecul es have
sur ftac t daan. The amphiphilicity, whi ch
reason for the assembly. The morphol ogi es

12
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of the two diff er entt hiemnmosdcyinbaltmg @ bt |boecnkdst. r ulent duerre
assemblies is determined by t%es hdoiwfe ngsh@,cend eiss p-
defined last wodepok avpoetoflens ol ubl e chai ns m@mrmadu dtato foc
the interfacial area, andthe length of the insoluble chaiggF- i gu9d).@ i s si mil ar to the

i n t ke seaenbfl y of a mp, kiicp ibthe basiccgrametergdveanig theramphiphilic

block copolymer selaissembly® T h e ¢ o mpa&il/§ 1/3o<nps< 1/2, and1/2 < p < Iresult in the

formation of spherical micelles, cylindrical micelles and polymersdind@e selfassembled aggregates

from amphiphilic block copolymers usually possess higher stability and durability than the ones self
assenbled from small surfactasit This makes the aggregates selssembled from amphiphilic block

copolymers have greater potential biological applicaticenthose obtained froramall surfactant¥,

Spherical Cylindrical
Micalles Micelles

High Medium Low

curvalure ourvature curvature

Psh BsPs V2 sPs]
Fi gda9.e The mul ti pl e -axsamemdyratdhteu raemsgp hd elhfi | i ¢ b
copolymers. The formed nanostructures are de

parameRepr pduced with pledrmi ssion from ref
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Due to the wunique mechanical and phaysssiecndbll yprooper
amphiphilic biboak s¢ @opvoldymearns ¢ pr kdesed i whail ¢ly ¢ owlp
struéXiumeetsi.calbty utcrt apepeudi d ri & rn durhmAGma tuicrheusy epEOS S eSS €
mor phol ogi es sucHdpas chityf s ppeddbéasudhi cheremai cat y he
ofseddsembl ed nBnecsset reuxcottuirce «mormr epthiod aosgli neusc teoetmp @ € d

be predicted by the di mensiony ease ptalt ékiimges platr @ me:
pat hM@gssi daekii mgt it dhasitlryu ertreweepgoseid i br i unk isrt etuica aulrleys ,
trappeadict ur eas sceonill Idea sleil €r ari smtiioc anho r rea ncnoerbpyl e x st r
mani pulating the sol ytiwin hc anhdei tcioosnosl.v eyl ne xxa nmpgl e
PMA¢b-PSscoul d&asselmbl e into spherical mi cell es in TEF
more THF, the spherical imocéedlilkés keomidet uesheMor e
di sl ieklel emi ceacsuslednbd extl fi nmetnos i corend @ mdsyip raasni sot mepi ¢ gr o

shown ihlOFigur e
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mlmmmmmu“.
"

LT

(LTI

One-dimensional packing

5 ]
L PRI T Lo

All scale bars: 200nm

Figat@) Triblock oFPMAL-BInelb) HFAAwth mechani sm
hierarcfisc&imbs gl fof spheri cdHFmiaanel Icgs iby adoc

correspondi ngRRelpEM diueegle swi t h plelr.mi ssi on from

1.3.3 Vesassemblsedffrom amphiphiles

Among the multiple morphologies, vesiclheasveassem
bedme most”®Biffedeatd. types of cargosanidmuarhg aansi cdr
nanoparticles, have been encapsulated within t

applications including drug del %€y, exmypid @I, | e

introdecifagct i ontad amphiipphil es, the correspondi
external stimul i, such as pH, temperatur e, Il i ght
( Fi gun*However, mo st veoimclaamp hapbéeimebeduffer f

15



dr awbacks, including broad size distribution and

potential clsf®nical application

-
. f- nﬁ (A) T, pH, light
Siegl ——
° e )0 (B) T, pH, light
- ] g redox potential
& Blue: PEG
¥ Green: PES
® Hydrophilic drug
0 Hydrophobic drug
A Targeting unit
== Linking unit
@ Pores formed

Fi gt Schemati c tpheexstewtnaathiu dre lod ausg wnigo rb echf

vesiRdprsaduced with permission from ref

14 Chemi caassemlh| y bnaosneadmpohni p mi laigaage ous sol uti on

I n addition to amphi phtitalmpd i nhdalivdee ubl eeesn, 0o raa pretentrbecdre o |
in water. Thouglhk mphd paasoshimebisse o edohor bi ol ogi cal

supramol ecular theory on this aspect is not devel

l41Sedafssembly of -hydimrophiillic bl ock copol ymers

Te mixitwg aesfotlarbl|l e mah abeermo | sehcouw ne st io mmie smwiil Xtl krne an

in aqueod®ssoalhwtwinohld, Fjitwose separation occurs wrl

solution of poly(ethylene oxéesméubile moxmegoWwWymbr s h

16



and pullul an, respectivel y. The water sol uti ons
separBltoickn.copol ymehrassygoa nthayidmiompdri | i ¢ bl ocks wer €
water intotdef iwherdoramlgalegagi misc é Ihlkdeeu dil mgnet haes ,
and cylPPThckeerhsy.dr ophilic phase separation in wate
water absorption capabilitiad féoer etieedgvoarhyds mg
pressure at the interface of ditthe miwor cdipyldfd o hs é p
Recentl vy, Bw oorsknearns acnrde achoé d mf ¢ r o ¢l ii Zkeed ;avgegsriecglaet e s u
hydrophilic phansieSssepawii g@hé ndabg ha he hydrophi l
copol ymer sblospcokidex ¢ r aynl e & Op xaisdseefmb( BPesx i nt o nanov
|l ow pol ymer c-0nb% ewtn¥ectraomdi sz(eédl s at a hi dihb pol y me
25 Wt %n contrast to the polymersomes fo®rmed by
vesd tke structures for med by hydrophilic bl ock

me mbr ane.

17



Dex-PEO

Figatr?a) Chemical str uctburoec kopf®letyhEe©Orh ybd)r ophi I i ¢
Cryogenic scanning electr-binkeni aggose®@@EiPe $ mafgebl

at differentRepmecewmndcedtwiomls . beBr.mi ssi on from r e

1. 4SeZassembly based yoommerhsomopo

Homopol ymer s -2®s¢mblad rsideedsge h € d °®dlghree gaad ersegat es s ¢
assembled from homopol ymer s umedol Ity ecacrsaemntd eldfi q u
from amphi phil i®®°nllockke tctiohpeotl dyianmp Isi. phi | i ¢ nature o
no obvi ouex ilbsettsmeéreenyhydr ophobic and hydrophilic seg
t hif s dkgundary makes t he homomoingambarranesistr st pno €3 ¢
ex hi bistt iinmgt earned uni que properties. However, t he ho

report erdemawhascrha | | enge®®®3d this field.

1411Homopol ymer vesicles with flexible membrane st

Changezwamldeyresh ha s h @ end ppod lyyrdeZ ny | Jphyemiydi ne) (PVPPy)

hydrophilic moieties attached to ea®%Mhs rselpcevan iinrg u
18



FigLbrZa, the homopol y-ames e RVPE&YJe¢ clbme owett llieHiFdOHes i n
mi xedl vent . Theh®VePy vheshhacybwdng ch i s for med by t
i nteraction of t he-pvhiemyyll bpayc ki bdo mee. pTehned erniit gigd o2u p
at the exterior olfld)he TmemhhacBRVIRBEysgweEsitcl|l es me

i nverBoaurfisesnsf orm (Sluppdiraismagesessed®®bilayer struc

Due twnitcuee rmeetntbu catnee @ o ¢ dnniegoabrd kainleay eérhse homopol y |
PVPPy vesicl essisnltcede peinsdthinggdhileveinte composi di on. T
from 795 nm to ®©68wannrbyc oinntcernea sfirnogom 40 % to 90 ¥
t hlissr grasi aleti abnyn erda ni tphsdod tviemd d@amp abseiatldypoonr t ed f or
béock copol y*"idghevastbbes. attributed it to the fI

homopol ymer .

a) b) 3]
Flexible coll ;g:
(Hyd ) % 20
J'('lwanc:?;sun:mc) m EIEZ

0 P
400 600 800 1000

Size (nm)

d) w

THF /'water

——

(19 )

200

Size(nm)

Figar®&) Model for homoposgmelry PVRPPy kemdépoly

b) DLS profile and c¢c) SEM mesrogr aph/ wantges
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(6/ 4 v/Iv). d) DLS profile and e) SEM microgra

THF/ waterRéprOducedd. with @EOrmi ssion from ref

l1412Homopol ymer vesicles with the membrane structu

RecetnitDdugyr oup fabricated newachoaeniplod d +fegrrdors® xma Icy [e3
maphtel-agyleamipmopyl MEPtHNPAC r Yhat mg mbbaond hogrdtrdiphobi
and hydrophilic moilédi afi asushqwe heméjyglyypmdri | d¢au
moi etto esndbedded i n t hellmelmb rsa rey b(rF ¢dg nmpeensdio tuwilnakn

| eadPHIN&AA omopol ymer vesicles WiTthe wmuuahwals fouantdi dar
homopoPkKhResicle membrane aooapait himmmkds tozeé hBu seco
amisndH . This hybstdubpehrud eflualt ef orr ebmg e imarmig roanc e

carcinogenic OrMpa reioov e pp | ldwtea ntt s .tthkeg d copipa@ab i di laind
hydrophilic moame i etsr iat ot he, mtemdwerielmbr g nteh asth oemsh a n
permeability of the membrane. The traditional amp

uni que groperty.
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" In situ AuNPs immobilization

homopolymer
o vesicle membrane
oM
S Self-assembly
I > .
o 0
o [ J
2
PHNA homopolymer wEw.
Step 1: capture free 4-NP 39 Step 2: catalyze 4-NP
@ hydrophilic moiety via x-x stacking reduction s
ey y v
hydrophobic moiety 2
@ AuNPs extremely high local | ) :. ® 4q
= D concentration of 4-NP =) (X X
A 4-nitrophenol (4-NP) A ADNPs a® a a a

V' 4-aminophenol (4-AP)

Figatr4¢ Model for the formationasossembimppoi yme
PHNA and the synergiesctietcbmathancsmfd6f cibacy
AuNPs @vesicles fomitrmhephhNePgRwdptriodnu cefd 4vi t h

permi ssiohl.from ref

Sed$§skembof nonamphiphiles (the nonaanghitptei Itihce oa:
descrtihbei nngppnamphi phil i ci tass B b ynbhkey aeffocfthdamti pmr o p esr tiine
nonampehs pchh las structur al riogi dihdey sseemiofl Wwghle mahiodbd
rarely studied. Mor eover, the | ack of laipnpirtoepd i a
number of nehamplispinlic assembly. Few exampl es
mol ecul es and douneoéminee-de hi oedve h # tSms tfriuncdtiunrge se

suitable model sysdsembliyn tcheenli cail dastedh Ereadramphi ph
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15Sedlassembly of metal carbonyl Fp compl exes

Qur group has syntalescaebormnyls el je(sCppmp eorfuetd)s( QG i
mi gration insertion p/FThesei zompohuwmdea dma eracmad loenc |

P(FpP), and §&mghLtY mohiechul &@se (hyd-aepbmbie buot waaer

col | oiddesf iwietdh nasmuuacst rasttViersée < | es .
a b
&> o
| O I 1
FF"J"“(CHz)g,—-P (Pha)P—Fle—C—(CHz)nCHs
(o{0) n CO
Figatr® Chemical structures of the metal <carbor

151Sedafssembly of P(FpP)

The homopolymetl W FpPpphbbgoecabeembbel dnsel fesicl e
as shownlla. FTger by dr)owattdlrisa Ri(iBpsPl ved in THF fo
addi taloanregpaf e sdei oni zed wat er. T hwee € oq unietde Pq tFplPl) e
seer al mont hs. IR (I nfrared spectroscopy) was use
P(FpP) nanovesicles.t hdteg | | R nalbOd ® o pnisshaawiRp ejank s o f

116. Wileamagmunt waasdvhadk,rripheé omabpeaks.6df3) tchmendacyl (
ter mi nal cCGIO9 Ig&)owsphdiof(tl ower wavenumbers. These shif't
carbonyl groups interact with water to form the w

the coll oids. Mor eover haaheéeifghr mod dwWakpdBfdhaean ene g
22



mol ecul es which has & odgrruega td’&lpieviesroyphtibohi ppt efht h
P(FpP) in DMSO is difderA¢ntrodatm Yampeuatuemper dtel
wi alhi gh mol ec&.l g/r kpMeii sy bit res{o IHowever , as the temp
certain point, P(FpP) becomes soluble. This phet

ha amper critical solution té&Mmperature (UCST) be

a b |
i 1910 cm” 1599 cm’ THF  H,0
- d 3.00 mL/15.00 mL
@ 0 @ ~l Self-assembly S "
S U Hypotd }
Fe 3 £ 1910 cm "N\ ¢ 300mL/080mL
(’;0 @ 2 1650 cm”'
n 'g —_ b 3.00mL/0.36 mL

a 2 P
L I 1603 cm a 3.00mL/0.00 mL

Hydrophobic PFpP Aqueous vesicles 2200 2000 1800 1600

Wavenumber / cm”

Figar@) -8ebembly obhi byB¢BpR) and F)pP)R spect

solution by aRdprntaddwnced wiatther@ZeéOr. mi ssi on from

152Sedafssembl yb aosfe & ps mal | mol ecul es

We not ont heasslembé yo fb dthyteder ioprhobi ¢ homopol ymer s
td sonfal | hydrophobic Fp acyl demitvhaniFpwe sh.e aklp ga ow
an al kyl tail ailtrsoo vaesssiecnbd se a H1 7swhdntverni nign  t Fhieg ua ses
processmoitéhteytCloe Fp hesavd t hr ovap eirntvema &MS8d ema nd t h

together resultbnbayert khelslfdgf.mat ( hgaf e

The stability of the formed ThhwOlewasi ¢lhes hwas oipih

inter et welke al kpl apwddiessenti al role in the st

23



nanovesicles. To-bpsewde mipi€s uw arsa , s ySpitiMowsii gzwerde a s

11B6. y Thent £Ongrlbues i nl Rhemehesademeaotpt.ndee Véthisst r at €

wereenhancedMon ewarteer,. t he fweergme d erd 4 davbel sebo b és mol ec u
were prepared wditfhf earleknyt$ hlcehmig tphést @wafs By compari ng t

stability of B kad e c F pdoimhdt ke&adull yels o Hdidgnl @lgwer gt h

demonstthraatt eldonger al kydt hceh ahiynd rloepnhgotbh set & imlht aegricagcutpiso n

which fur dthree dtnalbielaisteye mbfl etdf'® ggelefgat es .

Cc “'_
Fp alkyl chain
[ -

: 1 j s
THF / 70 °C : Fe—C-—C,H
3 days :OC/ B i

oc |\CnHzm1 : A T g

(000G0
(00
AV
)

FpC,:n=1,6,8,10, 14,18

Water THF ‘(_Ic_»!!oids in water

FpC,

" F
o Y, . N, bubbling PCys

S&Fo I THE [
1
m’-—/_\llc—c—('u,{cu,-L-('H_, L’ i

Figate a) Thepsebvtembbtbmerdomhakpves-icles and b

assembl ysi 0ft MpCaqueous solution. c¢) Synthesis

FpCn and Photographs illustriamnmidngsptChe aqueous

Reproduced with p8r,mMid4s sainan 8flr,.om r e f
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Conseqthen-bFhpyg eod tempurlcevi de an opportunity to study
natur eanemelly. As mentioned in this chapter, th
cell-asseimbsgrved in nonmeuodusgsipritdeimiiesy 6% ulds ed.
The hydr olpahssdodmp cpichcl udi ng P (-FgpsPedd ambdh esenvad & € nF p
showneddosembl e i nt o tshatb|aer en asntoavbeishieczZledds gt WEAl shy
i ndaetri ons datiwegmotugpisl on t he h=uat alilésdol 1 ¢yi ed . t Hewea
t he r es earacshs eonmb Hoyh goefd eFph t er i @lff anicy . sfTihlils imspire
mor e onagdemlsioya soeddmpdpaunl n t his thesis, the nonamp
carbonyl Fwa sctoumpil ek esased on ki netanddytdr appiomdg ,c
ef f3&e4°.

16Thesis outline

This thesis inclThaeesfigavretnc b@mEpeineornsa.mphi phil i c
observedat uret.hmdwadhesni at ed hteh anto ntahme hg tphd yh i ¢f a s ¢
earsityaqea ittlsaturwieché n ttoh emovlaed weltayr orod el s wet ems t
empl olya doqudhe xaess a mo d ehlo wt ki tnettuidcy assembl,gndstruc

hydrophobic -asbembl gnbehavself

I n the second c¢haptthea , kiwee tfiicrssto fi nhveerad g agglay me r
di fferent saoWatfiiomd ctomati tti-mesPmMBpBE) i cbol dphelf coa
by dectriteesnprrgaddi ei onnolofeTahenom( FpPWwemmhabhet ande
easily daqogdgroepateeci pitates. Ho we®v encghi ammgl ostottl éveem t o f

conteemtbl ed t he ktihneetPi(cF ptPr)a pnpainnogp aorft i ¢ laesss ewrhbilcyh s
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of P(FpP) wvaansdoki m é&teir anodddymtarnoi Icl e cc.h alpmeetrenxep lh érri & d

seddsembly beRpvior DME OPskdleuat sindax tf wrnemp eorna toufr e . A
wi de range of nanost sucrtamcsadoncthieksdi mpoclbé&hesheet
genermhyt e¢echanging the temperature. With the assist.;
Ssimul ati eans,s etmbd ed vlsft e ushomas mloy bekependent on t he
flexibility of tHbe hbmopolkeypmatwipgdniFlp®Pgesi clt es self

assemdblom P(FpP) and their swHEOONNhgntpsoperties in

I'n the f i fetmp badhhaep tneert,a lwec ar hPoyryd n enod se cau | o dFepIC t 0
t hreol & ioft er antt assseanbfb e h aFvriocom-atslke mbélefd resul t s, v
t hah'e€ i nterantresponse to solution condbtiapng can
wher e vari ouaraeasreosbtl reudc tfuroens t he. slametclhe pgmiaxtift mo l
i nvestigate the hydr ophobaiscs eenfofl ¢gctofont htehef olmimerda ri
Mor eover, we further explore the rel d@taiidnsghriopu plset
anldy dr ophtydlriad i on phfe akde dlirmo uttpiteee IFast chapter (Chapt

summapryov.sded
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Chapter 2 Kinetic Control of Homopolymer  Precipitation in Solution for the

Synthesis of Nanospheres and Nano  wires

The kinetics of homopolymer precipitation in sol
Theetml carbonyl HdmdPpolCpER(LEPFPpP)sol ubl e in TH
in hexane and exhibiteranuuppepdrUCSITit ibedlavd wlrutiino
precipitates by adding hexane to THF solutions
temperatur e. By varying kineanl-typppbddayandotrr t bt
narrow buteodsstirncl udi-lnigke pmamaopgadt iacnldesvorwer e
of parameters, including concentration, additi Vve
adjustable for the kinetic ddrt holmopki yenterc a a1s e

t herefore, worthwhile to be explored as a reliat

27



21l nt roducti on

The kineeassegmbfyseltelative to thermodynamics, is
supramol ecausl awe Itlh eans yd cqauirliictartiiinrg amod *é%‘®mniec nanos
challenge in this -defsiemed hand nt @ptpyabpdmecde| osedt ¢ melt i &

Precipitation of homopolymers ¢catiponortesohrwiegttse i@

contaminated smal | mol ecul es. I nt er mod elcwd ratr col
interactions, ar e s*twhdrcgierdrfiore ma cprhoanscel esceuplaersat i or
medi a, resul tinlgi metipec ecoptintalti ofn t his precipitat

bet ween-ppdlyynmer a-sdl pehty ment eractions ha%®®not beert
but is attractive as a reliable appmrdodogh afvari | abé

homopol ymer s.

By contblasak selective precipitation of bl ock <co
flourished as a major®%&icthmowyglre tfve aasomlyhnitmeshs
copolymers governed by ther mod¥Atahmd ca seggamdliybr h am
propensity to be kinetically trapped in rfbnequilil
I't has satgtnrigcdtceadnt attention to the kinetic pathwe
synthesis of®®P4Tnhoisst r kuicrt eutriecs . as s e nrtbd lya taeldl ofwusn ctthi eo ns

nanoobjects assembled frometdhe same materials to

Unli ke block copolymer s, only a few experiments
sol sentubl e groups assembée@uiilni @r ipwNY%tRMhseterau c ti Nt &

empi dicaloveries moti vaattehd hlkei netviess i @gfath eomop ;mlty me
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resemaycheventually |l ead to the recognition of ki
chemical structure of homopolymers and solution

i mpotr tfaoor pol ymer supramol ec'ular chemistry and n

We have created a new cl assSconfedmmeeineagr aati bonylhspged
polymerization 2 @HE® P PAHIFpEFEERLCR) is hydrophobic
assemble in water i ntWatdeiamdtoingadl liyntetrakltée oness iaal
coll oidal s’flLdkkiel imaynyi mtvwetrerh.omopol ymers, P(FpP)
a precipitation upon the addiThenDMSO hexlantei,orm @

exhibits a rdoelpeecnudl eanrt wiepipgetrt cr i ti cadhasVdiPudd en t e

separation is observed when a sol utG otndCoZi5nP( FpPF
DMS &°
| "ol 9 19 "
/Fe—(CHz)m-I:‘—[-Fle)L(CHz)m-IT—I—Fe)I\(CHz)m—IID
oc” Yo Ph o P Lo Ph

Sche2t€hemi cal struaent=urde oaf 6R( RphR) degree of |
n= 4-~63)

Herein, we repmoriftiirthbe pkeafepatBbEpR) hsealuytminolnH F
addi thexamd awrpoDbMSI@cr easi ngly tendej usetmpreg atthug ehal an

pol ypreelry mer a-sdl pehtyment er act i botsh e tphrea ckcipnnettditeci of

altered-dimemnsa ommé growth of nanostructures. Se
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additive, temperature and the ratio of THF/ hexane

the synt hedtt yappepheracnsosand nanoworms with narrow

22Ex per i nseencttailon

221Mat eramd si nstrumentati on

Sodium ( Na), -prod-8eshsliournmo pirka) poax e o oybhelxament adi eny |
di carbony) wéemerpyyroh-aAs$ ddaqhlhorno Giipghmany |l phosphi ne w
from Tokyo Chemical l ndustry (TCI) . BeDhMS® henone

and all other solvents were commerciaioby. avail abl

H,%Pp, G dNMR were carri®d@0oyt306n Mz )BrsgRectromet e

temperature wsindMRIBt haers odDvGint . NMR sampl es wer e
nitrogen atmosphere. Gel per megteido nt oc hcrhoamaat cot gerr ai pz
mol ecul ar weights of polymers. THF was used as an

GPC max wunit was equipped with a VE 2001 GPC, t hr
PAS 0B, RAE andlPAShwidti mensi onsg &008 mmm(L)D) and a
triple detector array, i ncl uadn onlge rleifghatc t 9 ovaet ti enrdiermn
Polystyrene standar dsy nmariec Usaghtascradftemre mge .DL S’
carried out on a MalvelmsBet @apiez @al h @y aameBBQ@)r @mi t
mode was selected and the evaluation method was
measur ements were mad& adlthea vicaforsatiyngeaanglde xofof 9
di fferent t e mpbbelrS tnueraessu ruesneedn tiTsa b8lltee Tr Bss mdsshonhel e
mi croscopy (TEM) i mhYEBS5 wBemrchthbomi hBel omg) with a
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ankRlhilips CM1O0erwattihont hveolatcadgeel ® & mBloe k Vwer e pr epa
drop of P(FpP) solution on a copper grid cover
temperature. Statistical analyses of theheize of
Gatan Digital Mi evri s s@peyx t g ofstcwagprye . wadV per f or med
UMVi si bl e Spectrophot omet er. The turbidity exp
transmittance of t hattloOiOg hntm waist & aft ewapviesr! @etnwrt en u
ther modynamic model. The he°@timming. ahldle copécdctngar atf
(600 nm) as a fCnwasowbohi nethewhen2b&mektihnest ir @ me |

mo al.|

222Synt hesis of P(FpP)

P(FpP) (n=6, DP=4) was syntrheediPetynhearsiezdat o © n
CpFe(COP Pt FpP) was per f 0@ nfedrAiflfdebhwlakhe@atcru@e pr c
were dissolved in THF and pr eatios tvadreed d ol lhextaed
and dried at WHWoNMR t@GODEY gdmr(etH)H, 3@ BREmM (HsH, C
2.75 ppm, 2. 3HY HICM. iQ & BIP mCOBEHLCHLCHy) L€ NMR § CDQI3
ppm and CGHLHQHLCH,) 28 ppm, 29 gGhn( D)0 6ppmpMm and 68
( C&QHLCHCHCH) , 84&LHYPpmM1I28 ppm, 131 ppm, 132Pmwpm21B35
ppnFE= 0O), 27803 NMKR { CDCI3. 4 p PAe j(1b3a kb d ree d

gr oPPpP , 3a4nd8 ppm (oxPRIODyYedFEnRHE(gleadOnfi nath CO stretc

cm(migrated CO growps2800etkhing)l. GPC: M
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P(FpP) (n=3, DP=64) was pyoted¥%r zedsiymsiimgi she r
descraisbéadl | ows: Pol y meCl)iPzPait F poPn) owfa sCpcRaer(rdG)d out i
of DMSO (ca 5% ByoweR@hh) Att ad05stdchleutpisdng met edat oo
room temperatur e. The crude promdacnt wafs THF sandi
precipitated in a | arge amount of hexane. The pr.
vacuum overnight at room temperature yielding yel
were characterilzR,d arsd nGPROQ.MBRFOPD'H) MEAR (-AMSO

7.0B.plpm ( FH)HL.I4Cp2p m (HH2. @8 pPpm (1H)2CRC paAFm (1H,

COB) 2.iM38pm (HPFeXl.@D2dpdHm ( 2.EH.CHEP NMR ¢CDCI

73. 4 (ppmrdi nated phosphorus in the main chain),
ter mi nal rep-eaténgpmn{uhcaoddi nated phosfhorus in

(terminal carbofgmmi graued)carlBdmy Ic2ng? U pg/) mo IGP CP D

1.73.
223Preparation of <coll oidalhexalheti on of P(FpP) 1in
P(FpP) (n=6, DP=4) was first di ssolved in THF t

Aft erwd&0dof the prepared P(FpP) inithelFTHElI bhéxams
solvents (QaidAagmntwi tof THFt hRAfR ER) /aTdHIRF t 9 olnu toifo n,

bluented solution was observed.

224Preparation of <colloidal solution of P(FpP) in

111. 60 mg, 55.30 mg armP 1=3.680 mercef aRidremP )t o( ™ MS O3

vials separately at room,PeémpBya(aore. 3Up DP Hre &btdi)r
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DMSO redlsnulstol uti ons with r eOs p BacnbdD vOe. 1c205n cwet 4. r a tTihce

wer e f i l3stwireeda agyriSnge filter with pore size of
°C.
225Segregation and stabilizatiimnDMSOP(FpP) nanop

After three solutions J4i mLPMB8D POFRPPD Wwh%yr ®er
°C tdCR2Rper oti ¢ HOQI| Wemiildst OH (480 mmol ) wer e separ a
solutions and the viwmabsbwengeegéehtyl emphaked. t DLET

di amed eawsf@t ifon of aging ti me.

23Resul ts and discussion

231Kinetic assembly hefxkame@FpP) in THF/

When hexane was aR(dEdp®l) ds olpwttihen siod uTtHFO N was i ni
a precipitate was observed s hoolruttliyont hoefr eRa(f R peR).

guickly to hexane (shotknpeecicpitatdah)ThdoBurki e@x
suggddfitat t he shaoak aprl eectithhei tertrodesatsleenb| ed nanostr
The eftfhleHtF/ bkeExane ratio on the shock precipitat
ratios of THF/ hexane were prepawigippBnéentrcati ing
varying from 1.0 m¢iFmbexane. M2 xmd) snoiutna st 0 f wiTtHH
After aging for one hour, these solutions were
hydrodynami camdadgdl yyddi spersities (PtDhTeHFf bexahe ¢
ratwieeo pl oFit @&ilr ¢ As isfiogvtnlae bnd at THF contents belc
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30 vol %, haet DLaild @ibrscaandd si z eF dTi R rci dintteiwaresn. 1 0
and 30 vwla¥,wet htehd asswabhd2.66d mpehPeDwvdic eds. 1 0s or | e
The d4lomt ki netic behavior ofmi R¢&EpeRpaicoilhgi dsvoh%
vol %, and 40 vol % THF was subbsgilwemat,l yhianwvikest i gat
for the sampl es ¢ ontealimchagn gleéd weal d® ¢ThdeRwv R@eIMa i nsugge
t hat t hwee € oKil metdiscal |y trapped. However, the coll c
40 vol %ewTHBt grceably over tHhiegZxlouyr sienofibghiead iirmstD
%and 88 %, respectively. The PDI dfiapitdhg, celbbgeds
that theepaagigckgating irregularly. I n contrast,
small er amount ewf cOHHI YR pW®Dd %) t e eRdDd s ¢ etmmaam 0. 20

(Fi ghlde , s ubglgteisd igirgo wthh sft a-¢ubcattvurroel 1 ed pat hway.
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L e . . T T T T
0 10 20 30 40 50 60 LB S
Time / min Time / min
Figltae) The size change and b) PDlhentn®( FpP)
mi xed solutiongsowittemtwariced STHE change and ¢
prepar edheixmn&€HMWAI t h 4 vol %, 16 vol % and 40 vc
aging.
The P(FpP) aggregates after aging for one hour
TEM. The r esuHitgZaeranenbawnoinal were nfcchrerde d iibmr etsh e
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containingF#4dg22k% TWHKF I €@ cslpehserwictahlwepaarroteisesvedsi n t
solutions with a | argkergowunfThbos dTompdrXdiOos vl $0 g ¢
|l owering the THF contaqdr e dgatee kjirawerhidpci tgma tidoma yw afrd r
i sotr opdicmdnos ioonnea | gr owt h, resul taTmHgE icnoffiGeendi pi t a
v%, the we s e kdblhteneasptpiegdi2b(¢ i ntloi kweo rpforetsiecle@pPer i ment
resdémenstriae esthdh@ak preci pid aga-diome cainoba&!| aglij awt le dp
depending on the solvation qualit30 vdle %)y sd reena twe S
energy barrier-l ake ebss btelgpdtt har evogstmabl e for a few n

illustratesi phaatibdbe kinetics can be controlled f

Figd2€EM i mages for P(FpP) chekbapnpedsofFormedsi n
containing a) 4 vol %, b) 16 vol %, Ringuurce 40 v
22a abh2dh are the | arge magnification i mage of t
aggregates. The i mages were recorded after th

precipitation and aged for one hour.
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232Kinetic assembly of P(FpP) by cooling DMSO so

We have reported that P(FmRRCSWi blkeh’DPReopr.l6y¥mdrn
precipitated bSC dolClFingdifer omMheé5effect of conce
precipitation was first i nvestwigaht ecdo.nclemrteae ts mlni
0.50 and 0.125 wt % weirteh & regrarttatttGdi@yren inehdetstedd.d n Tohbe

‘Cwagreater Fihgih3 §0swggesti ng amogoewmmc esrotl udbti éd t yo
exheéeditrel atively | owewa tartatnrsinbiuttteadn cted yRyepdAhi g ht
(Fi g82e Whil e cooling,petdtbe upt & fG mit fOdaIm.c®C, U3 op

respectively, for the solutiohsnglCt bt B&ctrrasemi f
formolwcencentrated sol utionsed 0% 5du ea ntdo 1t. 0ed pwht &%) €
which is commomdlyy roersser wietdh ¥%8%HsoTw ebveehmep v idohudri.| ut e d
solution (ds Me&r5 knit®t ihcas f oand heao iplhda ser afn aitmlisd t 5 8
incident I|light at the @arcd yofoyt hami ool iarcg dp r @ eNsAs
wt %) at vpaH s2i.mi |haaf T hbee hpatva sog . s e plir @ BG otn §Cc 2mbst it rhee

heat i ng edyncnheed isattaerlty upomh( gi8a¢ i nhf t wa@&sal nedonat
28 after the cooling process, the transmittance

(Fi gh3b¢ and & mprascippiotdaitc edi &) ea f ew hours (
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ed f
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UFsi igridgb eT BM.e Acso oslhidmagn pirno c e ¢
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polymers in solutihencwstalalcy i ®othamwntfs i ndomi dual p

aggregation of the folded®folymers into a globul
250
a) Before filtration
2004 Dy (DLS): 594 nm

DLS count rate (Kcps)
S

50+ Cooling
‘ —
0- ——n

20 30 40 50 60 70 80
Temperature (°C)

c) . After Filtration
= |D,: nm
;f— PDI: 0176 \ After Dy, (DLS): 533 nm
5 Dy, : 554 nm
;—é’ PDI : 0.129 Before
- 5 T o Dy : 533 nm
£ |__atter Fitration PDI: 0.176
&
£
Dy : 594 nm
Before Filtration PO
10 100 = 1000 10000
e)
/ : e & ¢ -
\ e Cooling processl ° o Eurther ‘%.‘;
. W = > e Aggregation z.;
-\ o ® \ﬁ_,rfpﬁ‘
. 1 Jl
P(FpP) nanoparticles Coagulation

Figd4e a) DLS count rates as a function of t

P(FpP) particl es sroelsuutlitoends fwiiotein DAMSEOD )b 3G 0 f
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wt %) DLS pPOFgkhsootd based on intensity befor
filtration. The inset i maugebeird) t heM DiLBa gpe off o 1
particles preparend BfrFo®)DME®D %wtl utafoter a memk
filtrce@d2@®nnnp for the pore sizes). e) Schemati c

oP( FpP) ymers during the cooling process.

233Kinetic arrest and assembly of P(FpP) particl

sol wmtsi. o

I't caught our attention that otfhet hdei aPnfeR feR). easgtgirneagt
150 nm) is muchn(sa®dldl enrm)t. h dchoet HdairlbgeeDdc abused by t he
| arsg eceodnt a nti maatt eddrhlenghed scat.tAesr ian dr heissnutd elssit ti yo n
filtedredgh a membr aneae22wi tnhmypélrheehsd Zéd tefr ed sol uti
based on the rieldi ¢eB3 8 ynmf s awelel ascad&b.®@mhumber o
W& sSi mi loabrt ation etdhawti blef ohe ¢ ockaB @i dbohmabaswed(on the |
anda554 nm based Fing2ddee Mwrwmb dédrey mpr e, ctah£€0 avmy age ¢
for the filtered sameFiggadersshawrs oi s mah(é aBEBM hiama t h
nm). Ther dlaatgiewe Dt 0o t he diameter estimated from TE
of const amdo nmati onalize this phenomenon,atvwel [Frnopos ¢
t he s d&ligidleggn (The interactions betwesenaefgheypaheicl
mec hani cal forces generated during the filtration

partc¢alls5a0stnpmdss t hrough the pores (220 nm). After t
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again. No aggl omerates were observed in the TE|

particles were too wwhdnrmteo slodlud i tomegdaigdgldo merr d the s

The surtfhlReclepPfparticles possess polarized CO gr
vidaynamic hydrfTohgggerefmoreds.t he addition of protic
arrest the assemhlllsed oparmeitall dd,c Ipiakd ilcil gan On t
suchxXQaanid al cohol sol vent s, are poor solvents f
coll oidal stability. The outcome of HOhe anetthwaom odp
and et hanol (8 mol % rierltad itvier d @0 [DMS®) s slewptairan se | g

that were preparedby cooling from 65 to 25

As shé&wmg2adare t he addition of theseTifeoo®ivothes olonen
with ethanol rbeudu ciesd sttad 1336 amrm,er tFh aM4bteh el hdisn g |
suggests that t he i nt er praugidi cblye @it ndeeposin.d ¢ mths DIa$
i ndicates that t htei caaldliy i tna ifl iezt ehsa nteH & d8dbadlel oi d s
nm over d&ifgawedaylshe( TEM i mage indicates that t he
the di am20 @ r mimgsH5c ¢ . The a@dbti onet bbams@lgriegaakl ¢ h
aggl omerates more completely because these two

as compared with ethanol. Right af temropgdced.raaddmi t |
594 200 nm whichdiamel esees i meteedi gRShh .t he T
However, the particles subwéegqowaeamt hpuassdimebedsiu
were characterize®#i b 5dREM.NdARL . Bma amligil keed svormrunct u

aresexbved and the unentangled nanoworms parall el
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pattern due to the'°Thegiaddiytiodnthfe wamemnbrecmet ha
the aggl omerates firstevadrhke mseetp acraa i e/d upr ahptpipal as oa
di mensional gr owt h. c@h%0 windaabnOdo hnmt her wo @& ISy st ems
(Fi gRsde¢ and meéegBh%*eqgl r(espectdl vélkystThetworesm al so h
sur fsaugeg,est i ng t hat -dihnee npsairan acll easg g ruepgoant ionre, coal e
The fusion is caused by the flow of polymer <chain

observed and responsi bl e fckr ce plodcyat®®§ tnri weetl Urees .ad

Chain growth of nanoparticles has been reported &
depending on the 2ty !'oFeorofe xmanpod ear ttihcel est.abi | ity ai
nanoparticl ésgandbi hreed nbyuenced by the dynamic
and detached f r omfotahoe®ifnaat ni cop aorft ilcilgeasn.d Tihsi spr oposed

the anisotropic asslenmbdowyr odasneanotpe tpocbetsbes &li ne

investigation may function as |igands. The affini:t
i n a Bomaddfdfert i o, resulting in anfobbh@®dfaodopbcofr vt br
and met hamale it® hihghet ronger affiliation to the paé

directing the kiHwWéemeaospanawagriowt & asomwmbdser ved.

The above experiments indicate that the whriocthi c so
segregate the coagulated pdimenobéesnahdgsowsbaqgqdeptl
capability ofFi pRsgteo®™ daomadomml et ely segregate the
assemble into brancéhdedthebsame HMekthwnoh belkdacci or,

thick fibres, probably because the P(FpP) particl e
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a weak proton donor, only partially segdega¢@seéeh

the solvationkpowei cadplyetrdtir daglp ear ti cl es.

700
600 ?JI___ 1000 b) Original
500{ 800+
i 4004 I E 600
o 3004 a° Addition of Ethanol

H,0 -
) >
Ve, S’ Methanol ‘ Z
e >
Coagulation of nanoparticles Ethanol ‘ .. é
ﬁ G‘U ! 1‘“,‘ ﬁ

Figase a) n§ihee Dchange of P(FpP) colloid (0.1

et hamet hanobO amd Hno ln®s. abjubcti on of aging t
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P(FpP)/ DMSO col | oi dst htahme L uhpaonno b@ dadnBdvoiHmo | %X

TEM i mages for the aggregate®(pé alr2esd wWtrdo)m D
after addition o®, ct)hetihmaieodt aindaglg iHs t he | ari
t he woken structures. e) Methanol, the insert i
on@&i mensional structures and Q. Ig)neTalre aggr eg:
schematic presentation of the behawmter, of P(F

met hanaetl hamal

24Concl ussi on

I n conclusion, by varying the conditions for the
that the kiofheP(iEpPat hwayegates coulodheebmenasl eatli ve!
assembinegttircappehi ke and spherical partities wkre
P(FpB)uti oinntion TTHH-/thuerxeasnhee mpirxeci pi tati on started f|
polymer into spheres in the systeBywltheddi fmg gher
confemtm 40 vol % to 4 vol %, the polymer assembl ed
medium THF contehitkéld&ggoéefateswower e kinetically s
with DP of 64 i bebBMI8SOohasaaduU&B%o0o assembled into
cooled CrodC.85The spheres fulahger aggthoecegmd@ e e dt ha
dil sbpéedtion .(blatd 28y gumvéoy at i on ki netics which coul d
ofa trace amount of protiowaelvdrt addétdgonetoli ardlh,.;
t he sipibmekiesmeti c stable state, whil e watheondasnd met

wi tt hRR( FpP) esnpahbelreeds t he passéembkesndgnob nanowor ms. }
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homopol ymer precipitation is, therefore, a pro
systematic investigation,thivani ohe faoctctitbdaal he

availabl e.
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Chapter 3 Aqueous Self -Assembly of Hydrophobic Macromolecules with

Adjustable Backbone Rigidity

P(FpP) (Fp: pPCppwgl( bh)opshpdheiyled hel i cal backbone, res
stool met al coordinati driegteroam@&lr @gealvihc chni er a ¢ gi d

phenyl groups. The macromol ecul e ans ihnytderroapchto bwict,h t
for aguevvuesmisley.f The st icfaf nadijeutblsg hah @R pe@jptehahtiucrhe,

det er minmé s r teehsemsfe ntbH ee d  nPo(rFpphleadIscsgeimbsl .es i n DMSO/ wat e
by vomumebnes |latméR,5 awvesi cC eandtirdrOegul ar aggrega
temperat ur %) .( 6D0i sasndpatld ve part iscleeeedd ytnhaarti sca ffeDP D)
tempedapensdearfts embl ed merpeph old gihensad i nt erci or of h
aromatic groups covered by the met &lr ecadnt cdidn adtni aar
|l ayer ed i p leoolr deg yf H (eFxpg Bb)ICeOc du p et he | amell ae into v
hi gher t e mper’@tRu rFgbR)hG@ 1o rr ah@om coi l without obvi
segregatrhessul ti ng in irregular aggregates. The sti
agueous assembly of macromol ecules without obviou
of thei sl behavi or observed f otrhamandi sbpiloalyo gh ydrl o

mi crodsmabngs ot ei n
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31l nt roducti on

The develwmpmemd! edu lsaisiwhilsetmdmtthireylilnys pi r at*®dn fr on
Amphiphilitedi ped¢e hboptwieentsynt h-assemlaing efl §urfac
bl ock ccoBdPyWmerrys .bi ol ogi calli kremcDMNAo | RN Acloenatnadi npr o
hydrophobiwd thegmemtbyvyi oussamwhi phi bl sof aasambl e i
structures |l aced with a few gr’®¢Pdhi st agsetmbng
strongly yhadatuemsedt ber than amphiphilic segre

flexPBIlity.

Many synthetic polymers are rigid,,annadohj agabhed:i
pol yht@afs. i s wel |l -kamiolwnbltdhakli ¢ ¢ fpésigyemdireésh atgh a tr

i Substanti dlrloyodcdbiiflheéapnpnd i ¢ bl ock cohaed yenmblsed n
nanost rPtHouwreevse.r, it is not easy to elucidate th
procedecause the segregation dfhev drew hadnhgrditirgpgh i | i
Macr omol ecul ar wb tvialrdiianbgl eb Iroicgkisdi ty and nNo obvi ¢
reminiscent of s,oammeed ba b $teog sitnavire sstpiegcaitees t he ef f ec
assembl vy, but thiarneympel Yo fawmaiclraobnod .ecul es

P(FpP) (Fp: pPCppke( COY gpshpeahiynee )macr omol ecul e synt he
i nsertion polymesi £&cheme( W) PP Als d&3rb,& ptCGhset rbaat cekdb oi nne
P(FpP) is constr uictoefd pfhroosnp htihnee ccoonorredcitniact ed Fp a

a piano stool co®fPTdhienapoloymegreomedbptys a helical

sol s®&mtd t he phenyl groups Unsioth ntt e saedpgive ®hi ng
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8T he strength of thiadauswnadycngnt bedsil ewmenmoaygubkei

be a wéaraitalclaen bet s edt it of mogds fogf P(FpP).

=
?
(>
Y
T
+

n

Sche3dt&ynt haP{iFgbROfmi grati on insertion polymeri:

PCFpP), retg®mgdleesofofpol ymer i zatWhoenn (wDaPt)er iiss saod duebc
a THF solution, P(FpP) assembles into vesicles wi
water car bosg W' DMSOr, ahtiivgenae rmar gi nal solvent. P(Fp
only soluble in DMSO!Fthiantek@gpxemadnie mpd rvatturoa. |
fact or af faescstid pmbgh atvhiRp espePIff To pePfBwkn) b hives soft udy,

used duilding block, as the solvation®cam b/eD adj u
°C8°A t heoreti ovalpesifmulmadi adm as $3%%h e ctahues ei ntvhees t ti pead
under |l ying t-aesamhleyyudf sbdlbimopo-yimebbe wgt bops Wws
devel®dP"@the tempepande et chavian gqcuoannftoirtnaattiivoenl' y cor r

stiffness of the-abamklaode disisngpabotvle @hlrt®i cl e dyn

139

Her einor wet hap tPH & pdathi fbfen evsasr ioefd f r o AC at or iag ilde shsa c
rigid c®abarmdantd 050 C@.i IT haet e70f ect -defp etnHdiesntt e mpyd rda tt wyr
assemP( FpDMSO/ water (10ni XGwareed voil nené )f or Bohb firs
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experiment and <Pi(mblRgteil da ecardveisldircddesltar aggregat
28C, “@0and higher tenmpPlerpeactrikeegalr(yd@etsasnd emMper at ur e
mol ecud edi mte a sandwi ch smadoet urhee wvairtohmaan ci rgtr er
by the met al coordination gr@updsredhse thgidanhgwrt
into | amel | atehteeBnp eir a¢ Ce¢ &8 thmgirg0 di t y salfoewt hee chai
me mbreaaaeasvanfdopr m vesicles. At a WC)PHd&rp BAgreamper at u
random coi l without obvious amphiphéeddma egglt aga

particl es.

32Experi memttiadn s e

321Materials and instrumentation.

Sodium (Na), -lproo-Zahsliournmo p(rnkdyp,@alnlepent adi enyl iron c
(Rp wer e pur chassledr ifcrham BRingmgp henone was pur cha

DMSO was c¢ommeefcrioam [-8yi gonadaciH ad®éd wit hout further

HP, BWNndNMR experiments wer-80@a(BD6d Mblu) epeat:
ambient temper atadorre DUsbSIOnag sedltvheert .CDNCMR s ampl es w
dry nitrogebwynatmiocs phegrhd. scattering (DLS) measur ¢
Zetasizer (Nano S90) wi T ThAwmt d amears uwaer erhcechggtwa so fs
evalmametohod was based on a standard Gaussian

(TEM) experi mendasigwarer aesfmiosmedn el ectran micro
acceleration voltage of 60 KV. TEMoataengh | EEMwe o gp

grid into the solution of P(ARpoPpbrcel mbcdescbdbplil
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experiments wendapesdopemeMulusi MgdeTM AFM mi cr osc o]
were carried out i n ARMptiinpg wnotdhe au ssipnegi snagn @aoosnesctaa n t
frequency of 300 kHz, and tipatadpemasdbdr8 pmpme.d A nf
a freshly ¢l eavedcomitcian gs.u bTshter astueb sftorra tsepsi nwer e t het

before thes measur ement

322Synt he Ri(F pdo

P(FwRY synthesized usi"f®The epaleypme rtiralgltt igagrh mafg ufep C
carr i etdhbeonb k °@Gnof o/r0 20 h. The system was then cool e
prdaact was first dissolved&.imL)@a amadi mbhenn apmoeati pioff ¢
amount of hexane (100 mL). The precipitates were
overnight at room temperatutanyi erdighg¢g yell ow paoy
further charactam@PE€d NMRn §-BNSIE7.pp R (b ,eHy)1,0 H, C

4 74.p0pm (bsHs) BHB. BCOM (b, AHH,J2.0p@H (b, ) ®.,i01.p8 eH

(b, 2M),, Cadtdp8p m 2(Hy ,.CEEH)P NMR (-®MS073.2 ppm, 35.5 p
1910'(damer minal car bo'h(ymi ggrraotuepds )c, a rib6odney 18 3mRroo wp smo.l ; G|

My= 3920 g/ mol , PDI = 1.18.

323SedassembPyYy FopP)

Seds§semP( Fpeb performd8O0Ouss INeAOMS.O solRI(tHfoh) of
mg/ mL) was prepared first. Then distilled water we

di spreer siTohe finaP( EpBrO6ntlr mgi cmh. oTo i nveatiugate th
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on t hel,astsheenbDMSOP§6 Bat)di odn sdafi | | ed water wer e f |

temperature for 24 h before they were used for t

324Al-dt ommaul ati on.

Thetalt om simul ations wer e abper S@memalc rucsrBom §escMial te

mi xed with water mol ecul es t ihAemoar ppheoruiso dG é&h ks i rmoud ua
Di scover modulus was adopNbobsed tber mosttdate wasnul sé
system tdmpegatheesi mul ati onsacfl théh ec wihpd £s sfycnt e
the atom based sapmatiiednt metblooth wasm dEF rtheal s a
system was optimized to mitreiempiesd tdEeh afeonde cnoeelnarogl)
dynami cs wemeael péei baosmed unfdeere mp esrdinfifgrenm evbb | teo 7
°C. The time step whe siemultat ilo ®sT hwe rBeh drmdd mfoaru | L

Mat er i alass Sutsueddi ot dwlcodlyg gi a$ e Ri}bheetmed eeirf f(BErent spec

325DPD simulation system.

A et ailed adfeBer DPDi enmul ati on method can be four
DPD simulations wer e perefsor meTdh eu ssiinngu | LaAMMPNSs pwaecr|
simul ati @asi be xwiviehi®es rt he | ength unit. rTrhdlbeaded
simulations wetUd)i pet hermieamefoni 1P, providhng eno

equilibrium.
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33Resul ts and discussion

331Temper adtepreendent chain eFRpPpE)mMati on of

Tor evtelaé¢ chain cloehFpPR)MmMaesponse It-dot otne nepienvalt atrieo n sa

per f
equi
di st
incr
and
chai

31c)

oursmiendg MuttuetPiFda.gg B eex hi b heeerdf orsm#t(iFprR) wat er at

bimbr As s h@han, ianhkallgpecheaé struct Cr enids tblesavee @ ¢
ance for the neicgdbdrijng i adp-maii evrgd)Etdoim@s gi s

e a s ipneg att ueCet etndn e5pgrernodgeanttd ps not i nnt deasctame f ash
the distaincer haesédve@ n3dlb hEimguggestnianngufrtehdvehel i ¢
n i s weakeneddo bréh ea crhan cho m popeehb | wiXC h(bRIiTPwrber i ou
and the distance ebgeutalel&Endjt hd8hasoeadmat ahpoomp s €

aromatic interactRA(omwB)ntde mhdagi e ncdoennfto.r mat i on o

P A 7.3A :
Alpha helix Weakened alpha helix Random coil

R

Fi gBte Mor phoP(Fgmxm)ai af in response to temperatu

groups represent the neighboring phenyl rings

di stances between the groups.
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3.32Te mper atewpreen d e rats sxeanbfPy Fp P)

To eval hece Dhetdemprdaniwrmhai oncang ¢wdlugddlofns of
P(FgR) mgwenLe pifi ap®&M&O/ water nfilxtQutrbey avbbuse) emp e
The resultant assembl i es,amBL 8.(c-hpaBreadcne @& PG tzi en2Zt 50b y T
aggregates with hydfr @ody/n annm ca nddi aPriDgytdEarg¢s. O(FRI& (

i mage s how3Raiimd idti bgauer eto P FgaiBZseéensbad c a7.h m. The heigh
profil 82b( FA3ngd r eecedvieaatl t he t hi ckmwass 8. &fTnenheoaggr eg
thickmae dss®o hwagmf i r miagd ewéaoebt ai nd&EM Tmagehown i n

Fi gsBRde a8, al seddil ayleayd str wabuee, abtitwt mécsob
(Fi gdr)e The | arger size observed in TEM i mages

the fusioshe@itgBsenannde AFM samples were prepar
mi ni mi zed t hendbkerewilsmge eedffrecth asd amamat abhlkeé&Dgur e

85a) .

p——
=4
e

-~
g

-
3
&
]
L% ]
e
=

Xrange2um
FigB2e a) AFM phase mode i mage, b) height mo«
l'ine i n b (Maxel $9urh) arcdl k) 6OEMF mRasghee et s
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assembl &Cd DamMS O2@GH ( 10/ 90e by oMalltimn (0.1 mg/ mL) .

for TEM: 500 nm.

P(FpP¥semblies @ ritmp®f e88atbmd@ith PDI of 0.361 as i
(Fi g86agCool i ng t beowsgngohudchaomgeggeastDi ng t haer & he agg
ki neti cdlilggebset.abllhee (TEM i magwe ef di sp hasBaB6ecembFi gsr
angdbe. As shosBBa i@Bk i gwmMme spheshiacwddaggraeght bet wee
peri pheerwyt eam,d s ugagveesstinvcalge sf bamedandhe wac& kzahess of
nm t hat tibhesihmiilgh#s hettt bbtGanend eartes2t5 ngly, many c
vesicles with a severe iedlent aé i DBEMgsBehe gd&sdt ©Cr t i on
Fi gauwBBea nd3d sdadwat t hedav eéossilchipeeehasi de view indicat
pereirpyh i s rel at3d3wk)] ysuggastiFngutr ewad bbe kwarbkeonof PA
b-PE PAA: polyacrylic aci d; hPaS: bpeoelny srtdypposiiteeyde oo cf ko r
vesiEhies weesudtttri buted to ttheEEMrepadmenst met hod
sample was dried apnéedsesuheée ghemdtcteaaimt Wet ssedes of v
genemwdt adused the deformation of the vesi-cl es. Th
shaped vesicles wd¥&f vaatse rftduanudd thiPey PPERGS (beptloayilylesn.e

gl yxbodowlhapedchves can be formed in solution due t
i ndubcye dt he poematuirar exampl e, the additionaof wat el
di oxalmd /xH urteh e edli tfousi on of dri exwlreei medgraani gvhe tph e sk
within the pesmdathed,i nWkieincati on. The evaporation

condition iigmag!| dove aarbdsanftf @ sgmmdrcatdee €ss mr &sshe vesi cl
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The Bbwawlped awees i ctlheesr ef or e, formed during the add
addition to the def or medpvVvveasletd e sc ia pstautiee d/TeESM d Imas

( Fi gi3Be eaBvad) .

Figgd3a b, c¢c, d) P{EMMR)wEge | efs as’CGeimbl ed at

DMSOMH (10/ 90 by volume) solution (0.1 mg/ mL]

P(FpBysemblies ¥r dpameiotd EDt nr@ Owi t h PiDg87%pd TVER36 (
i mages indicated that iFirgd§ug .arWea gag rseog antoetsi cweedr e |
aggregates, unlike the aggregates formed at ot he
expadso the el EcgteB8B8dbeanulrther increa%¥ lrg tthlhe t
tdh assembly of imhéomaggowmghées| ewsth three size
nm asteddiima the DL™MaproewmTEMiImawgree @G4i)gurtehe

aggregateadsthh apegealm ke str ucdda).asM ( Bifwgedeheemt angl ec
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t oget he34d Jalmidiggdértei st i n the sol,atsliearecadased dygdLEg@EME
(Fi g84aé .
14

12-
o
104

(a)

Intensity %
b2 @ o

5]

PR BT R

o

—

10 100 1000 10000
Size (nm)

FigB4e a) The DLS profil e R(nddmR)avoecs,i cd)esTEM i ma
assembl| &8€d iant DMB @/1IHO/ 90 by volume) solution (0.

100 nm.

333Sedassembl ed morphologies reproduced by simulat.i

To si mul aatses etmbd i gl fbehawiwerperdDPD meid mwdsradnigoead c oar
mol ecul arP(mR@A39 howh uirdba Fi@QOFe CO)Bwele ( GHouped as po
beads of O (yell ow) and P (redgr ouwpess pwert ée d e lays, W
hy dorhambi ¢ beads 3B (dir ®®Ind yosr i lyeerdeodalmasnent hAschain, t
macromol ecule possesses a polar metal coordinati o
The repul ss(wef pahemey@rophobic beads (R groups) wi

and s alevdeenntost ed rr@a® @t ar espectively, whi-Hlhggisnscal cu
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Parama)f eand | i s&.ga51%fheT avaltgaes faorf utnemp @emwatodr e

calculated usiw8&g’°0Materials Studio

(a_) R (b)

Fi gB8%e Schemat i c tiHcdauw sgte raa tniea n Pnffolage®)e @ ff or DPD
simul ati onrg.r aa)n e@o aprsdapfr efeonr,a nadrealn e ad s
represent benzyl / GpP, gCQRepGQO, remspecaivireddy ) . |

P(Frh)ai n.

The-adalolmn sismabBagigenst ed that the backbone is hel.i
wea dj utshtiesd ri gi dity bbhbotheasgt enghttkptoHa ta |l wdisd eappopt | e
to the backbone (for med hwalOu @amwsanrd ngreau g sh)e. cThtag n
To confirm t hkfr o6 melylvchaoni Betfifoenc toifvel y capture the
the chain in a&aeDPBrsi miikeacf oa e svpghhigcpe ogstoaitn on al
chasitni ffwassal cul at edt asmi agdb®PB 4dyli mulreetsipoomss.e Tt
tempevatyiag f PComic2ad ctud a?-&tdo ni rsoimmutihaet iaodmhbpsand th
a fundd(ican caifl at ed flraognm oenhe DBDhp 6. mohsi s hiwqiurn v F

36, t he lpwdpdrilgvess temperature) calcul atedTHhlgom t he
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i s

| ar G, r caotr r 28 pvnadliouhdgTs,t and gr adwad ltlhy | heareasse |

treper aalalr emMmu | aadeocneiemdgs®OPD si mul t.i cwro)y.r eMmipot@i ng t

valougl,decrdé adng ni mum dlaue ddirrddl The chain confor mat.

t ooskmul ated fromsbheaDPDwghimsbasbimbsar siomul at ed f

t heetalt om si mul &86)i.onTheFi giumiel ar i ty eIfabtohrbastee t we c a

tempedapercehamtgbai n cowBorcmatsiedn bsi nt tbea cvkdgroinget i on

which is a parametyorP (cFrpuPc)i al for the assembl

Temperature (°C)

80 70 60 50 40 30 20

100 | b 1100
8ol DPD (k.= 0 kgT) DPD (k.= 5 ks T} {80
LY b _

e fi‘; e - gﬁ.\ » l\.:\ﬁﬁl oy, t‘é*}}t; —
I IR 160
:q_ All-atom (75 °C) All-atom (25 °C) é

40 140

20 120

0 1 1 1 0
0 2 4 6

k_(kT)

Fi gB86.e Persistence | edqignt DPaDs sda mud rad tiiommn (dfh ek bl

and

temper-atomesi mubhati on (the redsaur28). Th

and °C/,0 c oornrdei srippgp ft & kaThadrse® o wih hfeing.ur e
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DPD si mwifatihen gy oamslsi eigp b a s gteepme i A teupeer fwor me d .
Fi gmeshows a | amel | a actontdhuectéeds Tohfe tbhakec(kBpom)lelsa toi
wee aligned telamds tos hawa hcikeadses b hloame | | &8.70()F,i gtulree
hydrophobic R gr odums o( gar eleany)e ra gwgirtehg attkee sur f ace
(orange) and P groups (orfed)h.eskRy tehxeaemri mgirod ptsmea | e
(denoted by37x)l, itnheyiRalgskddes peak bet ween the p
groups, supporting a sandwich | ayer esdhesatr 8c2ur e.
nm asumea by AFM, t hewad a rka Witatha cnee mgpa kaenbefy® p P )

mo | e cTuhleéeesn.si t y pRadbf)i liedd(hFaidgtuerhee t hi ¢ kwmacsds.c(rgf t he
is t-bef cdt ¢ thseinmwel atni gmep rwei dtdretSinmirgd dt ea dhgaryedgrat e d
grolFpgldiceesctiheedal cul at ed dr(d-gborR cpkabroanneest epra c(k9)n g
|l amel laed (dgnw2). AZ37cshawnel at FrglyedSOr gvars val uce
obser vesdti nsgu Rdhdap B 1t knbeoenrkes g h |l y Ao rsdneasl Eld e ¢ a0f. 59 (
indicating a | essvacr dnderbead mahldiegn noefntt h3&c )l .a meh il a |
reduced vwed igamead by t he co(©ra@beodnegrhgey pedg@as ¢
mi ni mi ze sbheet weemt atchte hydrophobic R groups and

assembliCes ,att h2% ef or e, caufTebB2epy the chain stif/
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‘.b) —— 0 and P groups {c:'
4t x1 ——R group 1.0+
2 o
K A 0.8}
£ 2t )]
I 7]
e c
|8 0.6}
ol
0 2 4 6 8 0 10 20 30 40 50 60

x1ir, for;

Fi gB8T.eMor phol ogies of the simuCad=k dklaame!| | ae

arRo= rB= 6d@ss @5). The dashed |lines indicate wher
enl arged for further analysis; b) The densiti
sectilodi (gction). ¢) The order parameter of t

plane (x2 direction).

Fi gaBBama n3lBbdi sed @y mor phoF mRyemib| °€d aatd #sBeec tciroons s
i mage. The dengiotl@ar pR oadnd esyRdrga pohtiobbed daifieelogi on i s
di spl ay e 88ci. nsARiwgufreierg urvea s utaalel sl we®d andwi ch struct

simtbaat for the |°@mbld ey d oo pmeadbia¢c &@&main of R g

«

rewagdéovered by the polar O (orange) and P groups

showm Fi gvar eal &®m s i mitlhaer Ivainien ltahatThe ch®ikit sti ff ne

kel walsower t R&8BQKt hEHRKT alBl2ewhi chedhlkeowembuawe up

anfdorm vesicles to reduce the total free energy.
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(b)

—
3

S

(5]

3
w

c

x
N

Density/r "

-
T

0 5 " 30 35 40
x1lrE

Fig88eMor phologies of the si muiCaki{=e2kkTavreds i cul a
aro=arp=50ars=6P. The dashed | ines isnddlciad ed wared e
enl arged for further analysis; b) The cross

and R groups along the cross section (x dire

Theesponsas sodmbtlhieng behaviPorF mRds tfhuen vshteirfi fgrad sed .
performed a simulati &moPo(yFpaBTystai val ulke b¥€t wefeme 4
(5 ksT ) arfd 2#D) . As shovw®a,i nt hFei gwaleumet ri c map i ma
assembl iaas ciunrdviecdaltiea dnefl it doraavdets h(eFliegbbr)e r esul t f r on
curve up of the |l amell ae duewssoadj dtiedledwest i tf i a
thatC2T4#0 the rigidwaynof ¢shef mbeeuwvtastouil atr e gea

anrde eulint ruptured 39e)s.i cl es (Figure
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Fi gB89.%0ol umet ri c naarpurivmeadg elsa noefl | akeo #skeTmii) at ed wi

vessgsalnul atkedf kel t cnd ruptss ediemul &dtod dgTLwi t h

A higher temper atfCurfeurathddeh drhdedrinaaOn prevedr gy of t he
chaPOFpBistrg giadi ttyhes e (T ab8er aohotkr tc0 i | conf or mati on
3l1c) . Consequentl vy, t hseedrdisggiol®i[tFyp Pp)ltahyess en ot woo Itee nmipne r
The degree of solayjatamad tolie tdhegrRe ggatoiugpn (bet ween t
gr owgesky)( r edituhbes s € mppd 6 @B BOwn isBlBanBllBe P (hFep P)

aggr e@igratte i rr eguinleaar i g aratdioplt.eesBod hr asmd@Em s dnainlt at i on

i ndidthat the aggr éQ a(t FesSgihf rearinbe)de raeca r §&Or t han t hose
at “®B( gsBBae adid) , whathribut edsdlovat il mweasf dtehe R g
| ower repbles wehRepf o @e Bl gr oufCsT@ab8I2eTh e smasosn of

the aggred@ades al( Beodg useawredcawi € hwistt m uch@r hydr ophobi c
t he R Tdireoypm.cki ng 3llednmsaisteyl a(t Rivedrye | owethaas foompdre
| amel | ag27b) Fdgdrotweeerg hegati on beaweéstoh &abnedt & hger oup s

and P grsoaunpdswi cThhestructure resulting from the asse
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suggests that the assembling is initiated by th
unl i ke amphiphilic moleculesfithendcoislegatgathiogh

the aywisnganmobldefi ned nanostructures.

(b) (c)s
—{— 0 and P groups !
: 41 —O—Rgroup e
Lr] - 3t
2 o
"
<
a 1}
1]
0 2 4 6 8

FigBxr@e (a) Morphologies of irrkegkdTanaaggr ega
—arp= dhss 50, b) Morphologies of workgd ike nan
keTa n@o=arp= 3Ipst 36) Densities of O, xP and R gr

direofi ome wormli ke nanoparticle.

The DPD simul ati on -alsasse mbéd mrdo choabnsoesrt W dude t avafledsr i me n
various t emperealtsuredsuciwlhaitceh thheelPpegRberc tt hef atsls e mbil
procesPsPp@ssdeinmmbl ehe accuenaus amggtrregughest he associ
hydrophobic arexmaomdctnaglr ioduogposr di nati on pol ar backhb
of the c@adiedertet 2Amisnetnobla | ayered structure. By
macr omol e¢EQyl etsheatl adyeredl ostuoveveunas duwphsfeamrent |y

vesicl es. Amet bei ohainthec mevabupharefl. t daedeest bbbk
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at higher temp@yPdtFp®idtts 6 di &ageal aan @r dbredcom coi | wit ho
amphiphilic s eagrsdegwst ioonnl,y trheeg uslealtfed by the hydroph

groups ngeswuwml 1t ess ashowdd galglgr egat es

This teinmeuaaerdiract i on oh BMOFpRYdI agyregates coul d be
a thermodyhRampuce 8i 8yaisn dieocmptea dditultdete i mgbeEOaReof

R-P anxd prai rs decT bas esduegbgudindetzartrclir yggesmper at ur e coul d w
the interactions.Sotfheenhbésaépygi ivaer @)nfvaiptalr eishct bas
temperatur e. Meanwhi | e, the chain coofeamations hi

t empe,wdhti cehmonstrated that t¢g OCentropy was favored

Thiasal ysi s inncdriecaastiendg wiheamp kie a t-daeeesmpd dwd P( FpP)

from edomappgt ®s € dtornopnyant one. Whwes23he tthemped &4t u

assembly procedomi want eantdalopygyered | amed | faer mtruc
However, as temper atsmsleby i pcoeas s ddboenti bneaend e hatnrdo plye s
ordered structures comparing to | amellae were fab

and wdrkme s$hoawnuiresFigure 3. 11.
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(a) (b) (c) .

Lamella Curved Lamella Vesicle Ruptured Vesicle |
o |

<

4

Rigid backbone with increasing rigidity Random coil

FigBt®e The effect of st ideddndessesmbolne dt hfer oomor ph o

macromol ecul ess owiutbh ceu tg rwaitpesr i n aqueous medi

34Concl usi ons

I n s uraray’ s edibnl eDMS Ommiwatiemteg-shaerods anvesirctegul a
aggr egafCes @a0tam@gher tsdrberadddy r7adespect i ved y. DPD
reproduced tcedppendeempteragssuemb!| i dghdtehahkhéeomaandmol
pae#dnt o a sandwi ch sctornusctoftruet egdir bphpancioneeedoby n
pol ar groupsP (cfake)’Quwesgiad cr u c itahditpeastchd anedys snet nob |a

|l ayered structure. TheéeCwa rdnad itoon tolf e tchePd rFepaPs & | iers
event utalilitygildoiistgyh eat tsd e rad@iiCo’e0s equent | y ,wat he me
ruptamedirr egulwaere afgogrrmeglantbdBhadsi perrsioniasmdmul at i on
combined invesdi hat ieofnf e e sa f&Obf F pabrih hied-as eglefmb | y of
macr omotl faul é esvad-seorbelalre Thiowipkwlor gui de further re

bi omi metic supramol ecular synthesis using hydrog
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Chapter 4 Breathing Behavior of Vesicles Assembled from Hydrophobic Metal
Carbonyl Homopolymers P(FpP)

P(FpPhydirsopbhotainsced $sembl e i nto nanovesicles i n
nanovesicles with bilayer membs amket hdseatmeebir mop
pol ymer <chains. Dumbnta®ané hs sructfdeeenPeFp@) eneesi C
ex hi bit ébd euadibhgbnagvi or i n response to the THF con

this chapter.
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411l ntroducti on

Proteins withoutc hoabrva eotuesissealafmh| phint @ hol |l ow nano
virus '¢4fphsei dbsu.r f aceamsbgshreo minawluécsed with a few pol
interacti "fTwi shstwatutetureatthi ttafteawmseésmbEltesdn ftrho m

amphiphilic molecui*és or block copol ymers.

Sebhésembly -bfkevesticluetures from nonhapdiphilic
homopoffH'Tmeve been exphleu egraopRpe gamadeidyivieasyiecrl e s el f

assednbfi edhmo mopol ymbey dmp3an gy Rt-Thaagl | eanpipm @ p y | met hacr yl
(PHNA). The homopohymbimeangberiracn ee ss tprouscsteuisrses wher e t
boundar yt heytdweemi | i ¢ and hydr op hcotb inte nsber ganmeen tsst.r uTch
of this homopolymer vesicle itsheemotdechbhgadanmyudgde hyd
werc®nfitroméed e mb e dneendb ri ahreemdopfol fyener vesicl es membr a
presefmcehe haymkrgdderugns , the PHNA homopol ymer vesicle
nanopa’rTthiec leexsp.l tolrea tmeomb rodne struct urtehdeos cyoies kind

new properties is still at an early stage and sti

Recently our group has synthesized a new met al C
I nsertion Polagsneownrz ait d.laFc FdurPdp §l i e pbhuotb icea,s1s s mb [ e
into vesicl es4lh T hwea tfear meSt Areareaw dadnec Isahseb Ire st abi | i
beamtributed to the "Wahtee rdicsasribpoantyilv ei nptaerrtaicctlieo ndsy.n a
results for aR( FphPo)wnv 4iBniTle®cehsd mmau é @it i tbeichaatte otl lae
COFeCOe(ed yelldlw)i an8chempol ar mearedPi(@dditmcl udi n
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exi st on the surface of the P(FpP) vesicles whi
capSThe. si mulsstuigagrd drtaets utlthe mempr aesi of eP( &pe for

stacking of homopolSchmedi*chai ns as shown in

B
n co

- Jr%ﬁ? R
Ln @,

@ (IJ @ Self-assembly
.5 ‘e/'L,\,P in water
‘ -
Y|

Hydrophobic PFpP

Schedthea Mi gration Insertion Polymerization (M
assembly of P(FpP) into nanovesi thesari:ne wat e
grained model of P(FpP) used for DPD simul at
vesicular structure by the DPD simulation. d

vesicles and its possible membrane structure

I n ¢hapieeri nv¥esthgabreathing behavior of homopol
mi xtunesesphmsa&ang®wdF i acont ent . Mor eover, we al so
mechanism of the P(FpP) vesicles by addothhheh of

homopol ymer pl ayshsawelds sngntainadl srhaliemkismg of t he
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42Mat erials and met hods

Sodium (Na), -poo-&stsliarno plrkeigéaiid ,o raontdeyxcd rogpent adi eny
iron dicarbd9nywpuedichharse d FAlrdornClcthiogmal i phenyl phosphi
purchased from Tokyo Chemical I ndustry (TCl). Ben:

DMSO and all other solvents were commercially ava

H,3%Pp, A dNMR were carri®d@0oyt306n Mz )Brsgectromet e
temperature uzirngDMSIOaesolCDeCAt . NMR sampl es wer e
nitrogen atmosphere. Gel per meation chromatograp
mol ecul art hpeedl gmer sf THF was used as an eluent at
Viscotek GPCwmasax egmi pped with a VE 2001 GPC, t hr o
col umn$ 0B PABAE andlPAS with di mensli 0310sO0 onim 8 Lmm (alnx
Viscotek triple detector array, -amgllhet dlisrgatn efri agt
detector s. The polystyrene Pyaathacdd i bt esobattere
measur ements were carried out odmaser Mabeeahi Agt asi
Thewtad measure mode waatsehemeetHodndwashbasedl on a
met hod. The measurements weifThemaidsecasi aysamadteefn
of t he TrHK/twateessru DddB imeasur ements 8amMeahs it ®sdi dam

el ectr ompymi(cTrebM)c i ma g e aP hnielriep mo baMddiwricandm eocne | er at i on

voltagk/.ofCyé60ic voltammetry (CV) °“@xpeirngneatBY2@0 &
Mu l-Ghiannel Pot4¢wmtyi dsotcat) (WDirdkist at i ors ‘amidc hAga assc aan

reference electrochEKClIl Bsebbuei mpasoremenat was added
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final KCI comcé smpter &ti IOl eigiohbd! IM&EVE spectra were ob

a Wi s specgrioemet.e84% 3A)

421Synt he ®i( & pd

P(FwB» synt hasépepdtoecdditifiik et ypyoahesdescribed as
The pol ymer icatigdn wafs PprPwWi@drhmad aisrd@ Wfetmk s20 h. T
system was tempedatorreoomhe crude pmadmecuntwascf fi
THR & mL) foll owed by precipitation in a |arge a
then collected via a filtration memmperdatanrde dy ii el
yell ow powders. The resultant bright yelalndw pow
GPCH NMR (-BMSO7.p1 m ( b ¢Hs)24QiH, pOCm ( bsHs) BHB. A m ( b,

1H, GOTHA.plpm (b, IRJLGECGH (b, PPHl1a@d#Bpm (b, 2H,
CHCHCH)®P NMR (-RMSO73.2 ppm, 355 eppmi.nallR:c alr9%lodn yd

1600 (amh gr ated car bodgry I3 3r00 ygp s3od 2 GAE: mdl , PDI =

422Prepar aP( &pvPedsfi cl es i n water

ThR(FpBysicles were prepared by addi nPyg FlpaPrhlgde a mo
solutioni a1lTHEhenLYOl ume ratio of deionized water
P(FpepB)l oid in watdr AllddFemdsxdrurfeorwaz4 hours t o r

| aah aqueous dA(shmeBAX i ont aif n @ d.e
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423Prepar aPi( &6pvPedsfi cl es i n water/ THF mi xtur e

Di fferent amwawsntagdnded t(THFE(pr®Ppdwnéed i n tdei omti aien wa
t hhR( FER) | cmiwcatien/ THF mi xtur e. TheP (TheH®) d mahdam tisn i n

water/ THF mi xture were 10, 20, 30, 40 and 50 vol %

43Results and discussion

431Characterization of theé(meudsianleestructure of

Previ oaursi mexrpt s and ‘€ismuyglgatsihen medsulatnee structures
vesicles are formed byshovescphastitkei TheoP ( ey enerscbah
prepat badddbiyt i on odgofl awagtee ra nmonutfhot stoh st P ol P ) /0oTH owed
against water to remove the organic solvent. This
vesiwel keisnet i cadtliyud®8mmppse.di s possible to obtain P(F
membrane thicknehsesl byi contopondiihnhgns. P(FpP) vesic
thi cksuerss obtaintetHebynchaabi pgl ymer concehlhérati ons:s

preparation.

4311The effect of polymer -acssrearr tyr aotfi Pn sk pdPn) ti me wsad

We first changed the initial pol ypaesrs ecnobnlceedn tPr(aFtpiPo)
nanovesicles. i P( AwweF)e spomeuptdi roehdsr e nt pol ymer concer
mg/ mL, 0.5 mg/ miToandiG. |3aonget mdonmo, wiaats @tfdod w@it epar e

the P(FpP) colloids. Thme xPueEprp8Yydidad Y24 ds t o Te&HR w
THF. DLS wheyédrsbdb empracterize the size of the f
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results wkir @42 & lo@MnS immeesdli t aR (eldp R)h &wersmectlieesse t hr e e
di f feearemd nst dsdt miolnar si ze and | ow umaleysidaitnmelr es i ft oyr
P(FpP) vesicles were wel/l di spersed. Mor eover, -
formed P(FpP) aggregaheshi §g4a42ben thandEM, i mhgeB( Fp
formedfaer endnoeordgwesfre wmd t o exhi bsit mi baesiors th
report €®Nobled wr econtrast between the per werhery ar
observed in the | ow concentration samples (0.05
thickness of thehoP( EmMRNgeewi ¢ lhe spodilcyanmea | ucso noche nw a
reasonabl e hcaotn stihdee rviensgi clfast weapoprepapetdabiyoma p
be less related to thEhisitoat!l psigmehadonbazmngiem
the THF content during the preparatihomc bhtmesess

P(FpP)cles.
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B

Polymer concentration

PDI

0.03 mgimL

0.05 mgme 0.07

Intensity (%)

0.10 mg/mL 0.08

10

Figdte) DLS profile of P(FpP) colloids with va
i mages of the P(FpP) colloids with various po

0.05 mg/mL d) O0.03 mg/ mL.

4312The effect of THFascsoenmb&ify-podfin t he sel f

The effect of THas sceoombtleyntofonP (tFhpeP)s ewafs al so i nve:
wer e done aPs( FpoPl)l omas first aB{( BEpB) VEHFi solfTHHFiIi 6o OF

ThemL of THF twasmLaddedP ( FpRDaFHEWSdD]I by qui ck addi't
74



G )mLofwat er . Then P(FpP) <col |l oitdch3eH Wi Wwrait etraueriee us Tt
prepared. The formed col |l oi dilgaswenehdacth atr hheb exir2 @ e
P(FpP) aggregates increased with THF content. M
with higher THF content, which demouwnnrssttraahleded a nrhdat
uni form. TEM was empl oyed attoe sc hianr a chtdernr3i@zree atlth¥en THH
l arge |l amell ae osbsecwvedesd WEwr ic2eRirdgrtehe previ
repwet know that the P(FpP) aagwye®ij&Byesc oimmp alrO nvgo It
TEM resuP(tkBp P®)sididhldlOoivdol % THF and 30 vol % THF, we
of Pl FpP) nanostructures adjubdettbwde ean tledr eadn do y3 OT H/FO

experiamest swayoandketrain P(FpP) veanel eddd wkhbsgari

300
280+
260+ A"'
— 240+
£ g
€ 220-
E L
o 200+
N £
n 180+
160+
1404

120 +4—inrrrmr—or—————m———"—
10 20 30 40 50

THF contents (vol %)

Fi gd2e)ro0 P(FpP) colloids prepared in THF/ wa

THF content s. B) TEM i mage of the P(FpP) agg
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with 30 vol % THF contents (Labealgereds itnhet hlearky

magni fication of P(FpP) aggregates.

432Swel ling behavior of P(FpP) vesicles

Though the detailed membr awmaes ot rancpairriemeanft aP( ¥pR
simulation and expertmant aher gEpRAvVidEBVECE BOowaI

bil ayer Imembg aaler.eadihe waéimbkaoenst  hatture deter mir
the membrane c'é8o ataire vaendexspglzer e the siupenchangir
additionshfowRHE43aks t he addition of sTHFwaneo tboel &
i ncreaseetPoéFptPh)e vesictlhef FpPhevebzel e 00nomeased
430 ummmcr easciongt etndF30 vol %. No siagniobsearedshee d
THF c ovmatsaimtt herdt oné0eaoé %. Tthite( g-tp Pt) hievnecsiii cadseasd, t he
PDI of the varioust RedrdpiBt)i oVrel5i c émai nadsehably (| ess
43a), which iendioc anteaeld Pt(FrptP)t wesi cl es were unifor m.
of THF were qgquiBbhsehosmsabbéezeFbfumPé FpPni xctoulrlzosi dosv eirn

weelRmbe sizes remained stabl eoakdvon ave glihd csi piintdaitceast e
t hadarious P(FpP) nanovesicles with a narrow si ze

di fferent THF content s.
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550 550

a i1b vol% THF
5004 5004
450 - 450~ 30~50
/i—. J 4
400+ 4004
E 350! Tl A\ sm || € 3500 P~
e - 40 J/ \, 0055 o 1 -—I—Kx _A—I 20
Q 3004 i 30 /\ 0.059 300+ -
o £ 20 0.149 Al .
250 f B 8 2504 —— e, 10
2004 ! °f'\ m"-”‘ 2007 *—s—t—s—p . g 0
150 4=y ] 150 dr——r——r——r——r——r—r——r——r—
0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18
THF vol% Days

Fi gd3(ea) ddhrearmdge of P(FpP) coll eM)dsby nadadiuteioa
of different amounts of THF. The inset i mage
contents. (b)) the size change as time aging

amount s.

ThE( FpP) vesimadte sowedxhyliibnigt ebdu t also shrinking be
cont eshowis igd4dae the size of the P(FpH) xtesiecl e
increased i mmediately from 2500In% stiloh e vadfs intal eby a
could reverstithdry gl ea2sd&sam)dby addition of wate
changdéPe(oFpP) vesicles in r edtphoants et teo BEBHPIRYA nMvtesdnit
abreat hi nd nb ealdavdthoaanng,e stihcel e sw& eano hba mme dwjiatthe pr o
no intebeodsereesed by DLS. We also employed TEM t

i a50 vol % TMHktwatsewRi gdidce t he aggregdt e hewas ab

nm which was consi sdfemtm wWiLtSh tThhee rRrenegseddde dnal® e i n
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44es howsr oak en P( FpTRewag@r ecedeaetag. contrast between th
of t he aggredagtahtgersp, P)c ovnepsagpnait teldalwtiotfi oThn HF, whi ch suggeé
that the for meHawqddipPpe agagr phalt egy . Mot eaer, we
t hickness od$watalhhe urhe 30r anime p o tdheehsa tswialbé y Pdq fF ptPh e

vesicl es byr goambiwtrit clldkoIf d abé aat t r i butoefd tthoe tvhees ilcalre

me mbr.anes

a
10valk THF Dy /nm 50 vol% THF
water I\
——— ]
= z
5 g D, /nm ! '\
15 =
213 nm 440 nm I 5
THF 1) \
— |
10 " 100 " 1000 ) 1 "0 100 1000 10000

Figd4(ea) The DLS profiles of P(FpP) vesicles i

i mage of the P(FpP) vesicles obtained from th
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and (c) 50 sod % @HFTEMd) mage of the P(FpP) a

magni ficahe oR( FpPM ¢oll oid (50 vol % THF cont

433Membrane structure behavior in response to TH

We al so hexwhleo medibr amhea rsg ealdcdtipgairron of THF. Addi ti
change the polarity of thel essoldpr@chra r a racadpnchl atribe F
medi a. d@&@or ebepiomheonppd aerxiptey i enced by tthlere mmenimb ra a
structure of P(FpP) nanovesicles medtanbhpe ichand
me mbr ane uPptardudcotturcef THF, cyclic vel wamamettmpd(g CVE
check the Feaoxisdathied mesmbghitl&Ep POf Aperse il ®ss repo
est ahbihlaitsed!|ly the hydration of F&AshwndFimperdcet ec
452, without THF, was Fddimacttheet iCo/n psriogndle. Upon a
oxidation si gndadd eaqpgpmer rleadr caenrd whiech i ndicated th
on the surface otambedebeembtahks BpdCWe Byhe ncr e:
50 vtoltFé, oxi dati on signal washoewHhil d4blod sbeditwaevdi arn t
offen t he mémbmueyeeasddi ti on of [FHE&EDeod md adthab ep dtue rtthie
profi tkewRiAgéGce additi bhbeOofv oTHEF ithd o dhepB¢BpPpBN
decrdadhxredzetad Pbientbuld be at tfwlbiua pepde atroe dt hoen hty
membrane due to tdhfe timerpalkemersothatn®nand neut
char gbPe(oFpP) nanovesicles which is consistent wi
the samples with high THF ec oPn(tFepnPt)sstcaol & ¢o 4l gdsn ds t5i

the zeta potenti &l0 imVWenubkhpodtolwesi zehdh hROBRPp P he
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nanovesicles withdutedo gthhd Hfioheep thii & 9 wva& moi et i es on
of the nanovesicl eswe Taod dad vec dthd rsi thryiplog hiersstsead
P(FpP) nanovesicles bebatsknb¢ RrklFeigdided At lea i n

addi taoeit wnfnt o i i eeli ppepRB(fFemMP)ofnanovesiclebegsthe P(
becamet able in the 20wivbBhgtiSasehedwinng rmulet ispalmp [ pee ak s
pro&damdepr exelipenmedieast el y formed indi bpehds@ ownalc®®Bt oni
and 50 vol % sahcoeviRoingidisfréhleelabove eBrdeth@medt be additi
of THF could enhapod t hethgdhaghen -8BFFebf) ent & e (

sol ubi hheytdyr copfhobi ¢ moi eties playst hBeqgFpmhmpoveéant!| eol

a —0vol% b [l — 50 vol% THF o]c
0.1 pA -
> -104
E
5 201
2
g -30
a 404
&
.50
cv cv Zeta potential
. : : . ' . . : : . ) A
0.8 0.6 0.4 0.2 0.0 0.8 0.6 0.4 0.2 0.0 0 10 20 30 40 50
Potential (V) Potential (V) THF vol%

e vol% Acetonitrile
30 m a0vor% | s
vol%
Acetonitriiell Acetonitrild
1 = -,
Acetonitrile

1 mg!er 10

" T T —T
. i 10 100 1000
nm

Intensity (%) '

Figds@Y results of6( P.(Fpr®g/ m)l oy daddi ti on of v

THRdded into it hea)iGpweaslshooaand (b) 50 vol %. ¢c)
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col begi @ fuwnati o ad@mhouhpt SobbbTHFty aofd P(FpP)
acetonitrile with same cDhDhSemritofaitli @esnn wilt mgd imf
acetonitrile contents: 120 Vibd % h @t0o yrod #h ainda ¢

P(FpP) colloids with high content of acetoni

434Swel |l ing dehé@wireme bilayer vesicles

Previ oushawep agrhtawnt he met al GPayrr beonney | ea gl ¢ de lcduad | efi -tp
nanovesicl eshadwrF iwpd6a&d*®*%Be nanovesicles have a

struHere.we compare the swelling bélyawviner il atyw
vesi claadd.iafBymhHRE,y rFepnGe n a n oabd d iag/leeg s meintblr aeel str uc
di fferent swelnmpiamrgeRlb BN ihccaass@wskichg4tse ®Nbhe si ze
t hFepeByrene nanovesc adbels unpnandrde & § eoch tod  FiHIFt Heor 10
addition of THEs utldned Osi goli ihaagttMeanwbhbdPyreenepC

nanovesshiocweeds a | arigoen sa s ebwn fisihemdodatt ge PDI val ue
Fi gabe When the THF contentPymemre acsceldl diod 3We cvaorhée
|l arge aggregates were for mbdeir Maldse\deRd,ig@darreeci pi t
I nterestingly, when the THF cont egPtyridmasrpea ssa b nt
bemme transpalkenoridgymahe Fp&l | oi d4eas JFhownpihenbimeg
indicated that trheey $mé umelde niamotves i £40 evsol % THF an
wher e wabher singnbapl6 o fainlde spr € c ap pierattelle 3 0coviollo% dTHF

il lustratedeci nCobmpaFiPygretmlee nmOtvhBes FpPes nwnbhhesi
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we coeaeédt hat the uncommon swel Iciooug dbéhebyi attoi bB¢

t o ntohneb i nmeanyberra ne dthReufep RI) enariovesicl es.

400

- i

&> o Cc & N

(Ph])P—F:e —&—(CHy)e O‘g b é g{/
cO vol% THF PDI A

FpCgPyrene
(_ d -~
/\;) Py \jﬂ =
10 0.15 ( =/

]
" g0

- =

w 40vol% 50 vol%
THF THF

ntensity (%)

2504 Add THF to 50 vol% THF
e 'k‘ b — 0 0.09
200 4——— “ —— ¢ \,:—’
0 5 10 15 20 25 10 100 1000
THF vol% nm iy e

Fi gdéBe) nchhange ¢Poyfr efpeC col |l oi ds with | ow THF con
The i nset tihmagoliuti odfPybemavicod | of dBEp@i t h high
contents (30 vol %~ $0 WRpI@a)e e DAISI pirdbfhdleow &
THF/ water mixed solvents. 6)yr&mnle matnioow epri eed eers

addi tion of do ff f EHEE.Nt amount s

44Concl ussi on

Hydr ophobic homopol-gsmee mPI(d&piPDt ¢ onmdmowed ifTchlees i n
formed namdvésieckeas meombe amter ucftruormeatwbesfadi tf enaht
me mbrkainleay efrhse mempFpRE D&NnAPvesicles was formed b
homopol ymer chains based on simulation results.

properPt(iFpsP)ofnanocapasitd¢ilcead awi tshvel | i ng behavior in r

for madovesicles werfeorsta biTaHFiaettyntoefint er mThi s i s d
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traditionaas vembilcd®sfrsermfamphiphili t*Tmolse cwlud
provide ant o pmpiomitant he h oeaslsoewmbd terdu cftrooyneespncsoet! efi n ¢

chemi stry and investihagmplei phiel uai gultapemopeesi eke
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Chapter 5 The Effect of Solution Condition on the Driving Force for Self-

Assembly of a Pyrene Molecule

FopePyramse soluble THFRDMSOnaotdubl e andtwmaral,. nehead a
hydrophobic forcet @gs emmkt e& hwe smocl leatsu X e r T€¥sleF / wat er
i nt er aecettiweetesns pyr esnueb sgerqouuepnst | y occurred within the
assembl vy, howeVveéEér nt essadit iDVeSEO/ bwa ttelre 8Watved % omtne mt
membr anes, which is attri butsed vtado)ftohpey rreli@tiin eD M
Further UncdPkbs@lbS@rsuppreésaneerabdi asperical parti
formed. On the other hand, the supersaturated sol U
ofFpyr éme met hanolFpg€ryr etglga regla.t es into ‘pParticles
interaat itchres sol ut isounpser wialtlum at b @twba Hihredu e es

i nter,acwhioanls dr i wiersh athhoe agiissenntbelr ant response to sol
condistican be adj usttce dp ramdruacoalisi wiam@ st o uastaummees as s e

aromatic mol ecul e.
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51l nt roducti on

I nter mol ecubat weceotne ruagcattieodn smol ecul es, wi dely use
defd naes s éMbBdrieesf,ar fridMAandeomabbd. interactions a
t hesalevati on of planar motédmnulee Etiesns ar d @almatred
conseqgiueonnt eassembl| 8% bsbsr gaest & odi sccaird steieh eb et
occurrenmd ecfancdi bhe stthaes € & mb le isaeds) fubsgtnetdb el dat i on
condiSummsear chepshramaited gyt er act mang systems ar e

by other forces and not sensiti've enough to sol

We have discovy(ekp)d hyhdartopgFledlCiO) d-eassembl gesnawet e
aqueous "WKYFlooi ex.ampl e, ) FedEPEEe@p) edPh n water i
carbonyl vesicle (MCsome) with the al kyl groups
the carbonyli ngirtolupwat e ar hle@aywai et er act i'dh (WCI)
17§80 it i satexphec theedhambyoirmeg stemei as v achiedthiyadmr opfh ob
tails. Arsoma thtied pe gd eoruipv, a ttihveer gerf woiiricele a1 e mogaf eolr & yhset e n

i nvestigat i 6-hi motne rtishoet irloa sea sdsfeonpbhl oyb iocf Fhpy ar omat i c

A bithiophene tet-hiet leido$dpleabiddr ishesdstfa mhel e d-pi n wat e
met al carbonyl vesicle (MCsome) with the aromat:i
“inter.acttenstant MCsome exmiduicteeld etmh’ésa @ dired gha
degr ees oolfvddig bn ar omati c groups was consider ed
i nt ersdt®{Weonesx ami ne got HEptas soprakeln e u amkg alrveesma | udi ng
THF/ water and DMSO/ waft-eirnt drhaa sMiCsxoerieu svif W kdhiogunt f or m
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is in |ine with itnhtee rianchterbennstiloy hveenaek gr oups. Pyrene

aromatic hydr oc agrelnast ed PAKE) at wheélcyhw stronger ar omat

i nteratbtbhpeyrnessne gbeems rleported in the assembling o
medi®®®i1t is therefore -asxpamtl ¢gd otfhaa pyreenseltfet her
Fpyr)eneSoch)emeay i-riwnmdleveancdi besi nfluenced by sol uti

solution conditions can be Fyw&ryired esxil udg | ki fi fne rDeMStO
THRuUt i nsol ubhe 3§ ol ubaitleirt.y of the molecules decr
DMSO/ water and THF/ water wiithori ncyrasedgmwat@r i £ o0
DMSO/ water t hami xtm rbell& hevawatrer content, because t
fcaion sXeP'ulbiolri tpy,r ene & qu@®IMSIOs B damMHFO .*i@&M 2, resp
the ot rpsRyha@&mae, nsol ubl e i n M@t hkanto | s &lTuhbaltdeeaanto | 6 Ga t
supersaturated solsof opsawmi(tidtaiveabeops edagedevi a e
heating arFopeyoelniendghesfe t wo s aihundont st-'HaeTther &¢ fieacns o

canthebbefroehegtbdgi ng the assembling behavior in r

R\ /A
R

Fp head group Aromatic tail Fp head group Aromatic tail

- - -

_______________

Sc h eohel h eh eamisctarluct uie tthom phenFep By redne ghni.

Herein, we report the effiect emHetsiddhaed ipoymr €£mnen dyirtoiuq

and the role of this-asrsemdtycy oiemt¥d/rsa catnido f |ium rtetsec e
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spectroscopies wéfenusraditioenpst whamitchel i ght scat
i maging techniquesanAiFMe| weirmg uBEM, t 9 EfMephhast bgat
under vaohousndbtaitTiaib3lielehde ienx per i ment al T'esul ts
i nter aeeéqofnasredt he as s e mbiloitinih ethalipeaipdir ragh edviearr

t héinter,acitti oins a drivingyiforacel @y e cCnd itshger tiobtEehuea
handioniifeotf dwdirh'eé i nt er,acteé oinsl es or particles ar
hydrophobic i-hitretre@arcdad winsnwiTthlrei n the vesicular wa

of hpeyene sgrwhieor easrebeltplmedbisiemiiceaSh et er.acti ons

52Experi mental Section

521Material s

1I-(Br omohexywas yrnytrheensei zed accor di ng tthbei t @82 pr oc e
Di chl or oméN) h anmaes (dO <taiHl | Teedt r vaihtytd raonfdu r caine tWayHE& Yet h e
distilled from Na/benzophenone prior to use. Al

of 2 NThe ot hercoammemigd ails abte and used directly.

522Measurements andi®maracteri za

Dynamic |ight scattering °CDLS)In@nal Jeti as wasr pMa:
S90, Malvern I nstrumentbs)y néahti xaedy b 8% f avdd el en g1
NMR spectra were recoridreg at3Brwildedr 00 e mMHer) a tsupreec t
Transmission el ectexprr iwime 6 ead y rgheEM)r oinn gni & o' s

(Philips aOMd®g!| avidathi onv. vETEEggmea@asumbBdm&ndauwtnwer e ¢
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aCryo Tecnmirco62amigeh0 t he accel erVat 5&M wmehstsagemeht 0
carriadd8mM8O®O0F scanni ng eel Atcdmioon frmdrcae smiopr oscopy (-
were conducted using a Nanoscope Multi Mop@MeTM. A c
mYar esonance frequeaeahtcp ohdB@BuesKeHdz.8 alnlde wsampl e was
by transf err iFpgEyorneen edpreomps iodn tohnet o a freshly cl eave
l eft to dry over ni gVitspleeftorae wsea an raEiviggl.i srjedde tuksy megt eal
(Agilent 8453A). Fl uorescence emission was monita

solutions were excited at 330 nm.

523Synt he sipgP yorfene

The synEFEpEygi owaef basedt ococndhle wec ipasrded s ol ul(i6on of
bromohepwyid3en8 g, 10.4 mmol) in THF (20FmK2. #was add
g, 11.1 mmol) in THF (80 mL) at 0 AC. The mixture
tempefatuReh. Triphenyl phosphine grmRd Gthge nrlela.clt i mmmol
mi x tmarse refl uxed for 72 h. After coowernegmbwvedoom t
by filtration owmsidrHEH aEtnes il inaasnacteord turmmy edl dhngacuc
a crude product that was washed pwiodwpgheamaad @anda c
yell ow powdetH (NMR6 (@00 7:pMHep,p "QTBIZT B4( m,-79MHg , ( M, 56

15H), 4.38 t(,s,2HH)4,2.0.826 2(H), -01 945 (i , NeVERP)Q, 1.48
MHz, {£LDCppmd7
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@ o~

‘ O
/Fe\G>K® > 3 ée
og 8o RT, 2h oc” %o e

@ PPh \ n OO
3
Saae S eaasag e
OC/ \CO Reflux, 3d co

Schebi&ynt heti c Fp&®lhyameref or

524Preparatpé@ryrceéhoel uti on in DMSO/ water or THF/ wa

Fpyrwas dissolved in DM$Orom THFo( ¥)smlf Vavidit ®a 8 g
(1-X mL) was then added to prepar e Fipeg r £mled thieon

mi xed solvents.

525PreparafFpéryreéhcel uti on in mevhanol or et han

FpLyr wae mi xed with methanol 8Cr feotrh aan ofl e wa nndi ntuht

solutions wer é&.t hen cooled to 23

53Resul ts and discussion

531Sedafs s e mb Fp fofr einre DMSO/ wat er

Fpyr ewas pr etpyar erdeaX(t® magmohexyl )wi tppyorteanses i u m
cyclopentadi eryIpKi ¢ arfboolnlyolwerdonby a migration in

presence of t rSicphhe@eyli mh8d A5 Td ee(lafssembl y was f
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performed berinpneéeot itrhge wWMEY reanledtiicdhn refsul ted i n

concentrat ed as wloutsiinoso §r atihwoh t wo sol vent s.

Tab8le ThasselmbehagFpfLPyremeresponse to solutio

conditions.

Aromatic
Solution systems interaction Morphology
/Driving force

DMSO/water (40-80 vol%o) On/yes Membranes
DMSO/water (90 vol%o) Off'no Particles
THF/water (70-90 vol%) On/no Vesicles

Methanol, ethanol (lower 6*) Oft'no Particles
Methanol, ethanol (higher 6*) On/yes Nano-tapes

*

a represents the degree of supersaturation of the solution
The contents in the table show the contents of organic solvents such as DMSO and THF.

The -\U spectrum f or tFhpeC 6 B sBheonwes o | tuvtd oa b sodr pt i on ¢
wavel engt hs of 330 snent eahnddc t3r406n incm tdruseg g oot pf cheBi gbér & h
5laf® T hese two absorptions appearsyat embe ws &ime | wave ¢
cont eBt0s v(1 M) ,r ewlhsehrideliaesl-atgog rtelget pun gi®8bccur s when
the water codQdBmMted(Bngbpefrtomsagagretsdisiirtthaasletl i 0§
from higher water contents iss Hewavercrdet dii tdius en g
the peaks fohr dChev xsly% t Baet )emi ts(urg ggeusftei m@g et hat i o he
sppr eswheech Gt het oo strong. By reducing the water co

r edsalpipfetar ed. Appatsehnotullyd btehehilgehv ednooufgh (= 30 vol¢
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“inter,ackhutonlsower than a maxi mum voabliulei t(y< 09f0 nvoolle

for paral®% el packing.
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Fi gbhlbehowéerde fl uorescenckRyrseretgal dtoiromns ewiFtplC v a
The main observation was that no excimer fluore
of the pyrene | abels probed by adsoppteomea agaqs e
results in eXThHine dtmh@ltimpyi eme aggregation provid
for emission, simil'&%he ol achke 0Afl Ee xpchiemeormeemins si or

by el ectron t rxacnistfeed pbyerteweee na mdn teh e ¢ yroemn e .n T hhee

resi dual fluorkisgtine wa®bpreolball yndue to a small
|l abel that was free in solution. Si nme gqweetherh elra s
of pyrene fluorescence, addition of water to th
which increased the quantum yield of free pyren

formati ePryreefneFm@gr egatopshodpémcermdtced dloyndi ns t hat
of the free pyrenes which were then quenched by
groups. The #orrmantei mmgafeghp@®s resulted in the |
t he PFFyprG&&ne aggregates and the quenching of their
mor e water was added to the mixtures. The absenc
the absorpti ohi ghilleeced graeasd owint ihmttleuomneskiagwere obs

5ldb, although its cause is not fully understood

As showmghiice the DLS anabBpLysewbdciother dggregat
until t he wwatlerr geeantichretn ag§gr eghtwes with ghydfodyn
a f ew ehdwnado b mee er § or med in the solution with wat
48B0 vbei gp8rEThese aggregdtadasesdyedhanot heFiTghM ei mag

haan8l 3. Thesev mwlvetred i gnre andi nevoe-hcioda loeng sembl v es
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in the FImbbebei a8idb( Thel ickoet ssonl @ xdasmi ne dFiwshleeg TEM (
ang8lbwe e mHdiczeod t hi n Tmeimbtrearn@edstgbitimseb)y @esponsi bl e f ol
the formation of the | ayereddts® @kt tr'hien.t eWwhaecnt it chnes w
wersepr e gFsiegdbfae, . bAnadr t inc lcelsO O( nem)e o @G-t gbide&Wh e n

t hweat er waoant &djruosnt e9d0 WOl % otl b 4Wbf hdeeicmteaarseea i ons
turned on and the particl é5§i mteereagtoinlvees & feadr & oi mikurt

din the s80stveoals% (WMadt er )a,s sviehmibctho dtrhiev elsa ytehreed st r uct
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40 - 80 vol%
water

—

Over time

Figb2ea) TEM i mage for the d&@pgrryergegamiees assembl
DMSO/ water solutions (40 vol % waFp#yreme pho
in DMSO/ water, c¢) TEMI kma qasseefdnabri ai tedsce fcrod m otnh
solution of DMSO/water (40 vol % water), d) T

in the soluBDomot &nTMad egmigut i on confMgntratio

Fpyrmokbecules dndTHE&EL wath Bouapcdt avat er conasent of

i ndi c @athed albys exmnitief ttdadfe\VVtinse absor pot3d pme OEMShy ameal ysi s
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however eddhwaggdshte madle cad atse ggahtaest wat eb3cronfTaet (F
hydrophobic interaction i s, therefor e, responsi bl
of 50 d@nd @&O0®% -Ssihrotwe raengy@h 0 @ sf oarg i 5fF gdga8yr$O (Ol vy when

the wat ews cloanrtgeenrt thhea rs G0 t v aWn%t st ldP.8age and t he

guendhFiinggbr)e of t loéd seemivsesdi,omuggest i ng itnhetr atcht @ omcsc t
is a consequence of the aggr elhat i o r @& eined it ryb yotiey d
emi ssi on as 53ovre fiom eFitdheer assembl i ng atec6 ®awel % nw

the solubility of oxygen, a known. quencher of the
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532The wskembly beFhpaRY oeinmfTHF/ wat er

Fi gb3ae) UV/ Vi s, b) fluorescent spectga, and
for the Bp#yrime THF/ wat M) (Wi.t4h xvalrOi ous wat e

d) €IrEyWb | ma g eF pfdoyrr earbeeemb |l i es i n THF/ water ( 9(

Thassenbdsersi@dHF/ wat er ( 90 xvtausrei wdt eaf)ed by t he
walsar geaas0baming &I Ye, but t he DLeSt hmantanletygmdald@bel ungng e s t
with BDLBéfs di ffewanaetiinbstied tons bqtuldemtyd mygo e f

TEMxper wenpeetrd or medwnikerRf&M | mag&3dO)Fhguparticl es
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