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Development of new membrane materials with nanoporous films prepared by blockcopolymer
was introduced in this report. Conventional membrane with a broad pore size distribution
and a lower pore fraction on the surface exhibit lower size selectivity and flux. A high
selectivity and flux was achieved by using block copolymer nanoporous films with uniform
size distribution and high surface pore fraction. Polystyrene-block-poly(methyl methacrylate)
(PS-PMMA) copolymer was used in the study because PS-PMMA had nanostructures with a
few nanometer to tens of nanometer size. Also, the nanodomain of PMMA phase could be
easily removed by UV exposure and solvent etching. PS-PMMA nanodomains were
successfully oriented normally to the silicon substrate modified by a neutral surface by using
of PSt-PMMA copolymer. Size of nanodomains in PS-PMMA was varied from 5 nm to 30
nm by adding homopolymer of PMMA and ozone exposure. After UV exposure and etching
of PMMA, PMMA block becomes nanoporous. This porous film on silicone substrate was
floated by HF solution on another porous supporting materials ~ We found that compared
with conventional membrane of polycarbonate, flux of purified water increased by 500 times
for blockcopolymer nanoporous film. Finally, Rhinovirous 14, a virus inducing cold, ~was

successfully separated.
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Table 1. Materials used in the study

Molecular
Name . PDI PS vol% Morphology
Weight
PS-r-PMMA 9600 1.08 60
PS-PMMA 83000 1.06 70 Cylinder
PS-PMMA(ATRP) 71000 1.09 73 Cylinder
PMMAI19 19000 1.10 0
PMMAI1Q 9600 1.08 0
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(b)

membrane

Stirred cell (10ml)

Balance

Figure 1. (a) Photograph of Equipment of membrane separation (b) overall diagram
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Figure. 2. Phase contrast AFM images of the surface of a mixture of PS-b-PMMA with 10%
added PMMA10 homopolymer, (a) the thin film after selective removal of the PMMA
homopolymer, and (b) the thin film after removal of all the PMMA in the copolymer and
added homopolymer.
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Figure 3. TEM images of PS-b-PMMA diblock copolymer films with the cylindrical
microdomains oriented normal to the surface of the film as a function of exposure
time to ozone followed by annealing at 170C for 4h in vaccum oven. The films
were floated onto the surfece of a 5% HF solution, transferred to copper grid, and
stained with RuOs. A) 10min , B) 30min, C)60min ozone exposure, D) out of focus
TEM image of 60min exposed sample without staining. The boundary of PMMA
domain with PS block is easily observalbe and the bright spots indicate nanosized

holes in the center of the PMMA microdomains.
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Figure 4. SEM micrographs of thin film mixtures of PS-PMMA(ATRP)/PMMA19 for
three different values of A) 91nm, B)278nm, C)329nm. All Samples were annealed at
150°C for 2days. All PMMA phases were etched using UV.
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Figure 5. Cross-sectional SEM images for mixtures of PS-PMMA(ATRP)/PMMA19 at
two different film thicknesses: A) 92nm and B) 329nm. All PMMA phases were
etched using UV.
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(a) (b)

Figure 6. (a) 25mm disc membrane made by depositing the thin film of PS-PMMA on the
porous support material. (b) SEM image of the PS-PMMA membrane. ( average pore size :
~15nm)
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f (@) Polycarbonate membrane (b)

1IC MICTOSCOpy 1mage o

Figure 7. Scanning electron

PS-PMMA block copolymer membrane
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Figure 8 . DI water Flux data of (a) Poly carbonate membrane and (b) PS-b-PMMA

membrane
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Figure 9. X-ray crystallography image of human rhinovirus 14.
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Figure 10. Scanning electronic microscopy image for human rhinovirus 14 on the

PS-b-PMMA membrane which have average 15nm pore.
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3-4. AA et n ¥ Ao ] AVH ax)

7174l o3 dFH AxgT
ARl 73et H A8 A7) A (pulsed electric filed)S AolFw 2 Aol 7)F(pore)©]
AAGL olgg 21 F e §83HA "Hu o] &-8dd 7F vAH RS /X Fae] A

Dol gvtx 7padste] A71g ol dik AA7H 28-S gt o8 Fabe] @ 341 A
3ol AR fgAe) A Wt §F¥o] o)2x AE( D->0, R->infinity), & ©°1& IUA
) 7 (energy landscape)’dol Al (Figure 11, 12), €8¢ A&7t ¥+ AF(valley)e]l EAMTE

g 5 gt @ o) B B Fue) AN FE(FL A B T BEe 4

i

Stochastic Resonance in Pores

Ion 7] Z¢) 93 A7FS Fr1Ho2 Ao e W) A AT A HAsE H2E0 vA
= ¥ % #249l Stochastic Resonance(SR)ol] t 3F MC simulationS 3} %t} thermal noise®] E3&

B.7] 91804 Kramer rates} 2 & 2AojL} & o) 9] &3} rateE constructdt v 713< 5343}
¥ 59 signal to noise ratio( SNR)o] &3+ A 2E oA peakE o] FE SRS A8 o}
(Figure 13)

3-5.DNA 7] ol € &) <t 4 2L G- +4d o

EAA BHNA DNAE €3 250 3] oA 893 o]F U T AR AT -+
g1t} Figure 14. 7 2o] & 7]%(base-pairing) &2 #8270 2 7|4 A] 518 (bubble) o] B3-S u=- A
=™ QAL E(T,, denaturation temperature) ©}/¢o]+ DNAE F 7159 single-stranded DNAZ
¥ o) @ cHFigure 14]. 218 DNAS 7A438tE= vl 71X9 971(A, T, G, OF &S °)& 1 TE=A
A-T$} G-CE25+ EojYA =™ o] i binding strength= G-C pairing©] A-T pairing)] H3} &k 1.5
W) 735k wheb 4] DNAS) 7] s el &40 whe} Figure 14, 28 £ Ado] 9@ o] FUATE
o] AFLE t2A YA g0

PolymerE A73te © & 48 Edwards $H A0 2R e A a34E HH3| BAE
% $1& Fokker-Planck ¥4 417} Langevin W34 & FE83 o] T3 o3 & 2948 ¥
.

DNAS @71 gG0] 221912 Zolgrtm 7148 § YALEE DNAG £F5 o] 9E G-C
pairing®] ¥l &-of AuF ) olE o|F VM T2 dF Y40l A7IME e G-CFl el 7
A W3S ZelFa oy ol A¥ A A g x)rt. (Figure 15.)

ukol 7)ol HjGo] A3 T2F9]Ho]A] correlation effect7} EAFTIH = W
bubble2] =7 £ X (bubble size dlstrlbutlon)“ a71x€ 2 277} §1E DNA(homogeneous DNA)
9} vl w sl Ge}bR ) Figure 16. & thgk 59719] G972 o] R 1%k QA 12] dFHo] 310K
o] A} H.oJ3E bubble size distribution® & 4] $43] £2+91¢l DNAS] aA4% da2ve 2§ &
3k =3 S8 7 A7) Q9 correlation effectE exponential decay2 2 3} (5, U<
o] base-pair 1%} j AFo] €] sequence correlationo] exp(-|ij| /&)L 2 71&H L o]uf ¢E correlation
length2 A ol3h) 2271 A-T G712 % e 7 DNAS] A=l 71719 A 55 correlation
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Figure 11. Figure 12.
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3-6. DNA 9] stiffness & 7} o] 2]3 DNA A3 5438 gk 3z
A7ME 98 QE o3 o]FUAFZA (double helix)e] A wWatel I35 A
(thermal stability)o] ths} DNAY chain stiffness?] &S A7 ch[Figur 14] o 7]*] DNA+
FAF Also] ofe MM Al&S HA3F] E S & wormlike chain model2 7]& Rt
o|Z 7txm olg] ZZoA] Brownian Dynamics Simulationg 3} 3 gkth.
Figure 18. DNA¢] persistence length(l,, DNA2] W #3hs epf= Zol)o] #3to] o}
2 melting curveE JERA Aoty oj714 8% order parameterg WENHH DNAS AA <4
71 (base-pair) Fo] A2 Q%o s Ao)AA ¥ FUIEY ¥IEE gndith He ul2}
2o] DNAE chain stiffness &b o8 A3 AlE2 A(=5[A)F tt=2A 4A iE(B=O
g oo} &%) ZHAN FH3) o )FUAFRI AR F 7HH9 single-stranded DNAZ
A8e 2 Z g Buk olyg} AT} persistence lengtho] wig- WIS & 4 3l
o)A-e DNA®S ga WFAdl tha]l DNAQ] chain stiffness7t 2 J&& 313 Y& B

A R e

2

AA x5 olgidl E& 459 93] WA3}E bubbled] =7 X (size distribution)
= Figure 199} 2t} A7} o] m2 ™ bubble size distribution® bubble®] =7]E nolst & w)
exp(-nd)/n°l] HIH TS on|Et, o] ARl }E AFEY «dFHA= F geth o o
azk-e bubble’d e}t /1A entropyFst #Eo] vk $-2je] Awel] wa2w DNAS) WMo
olsf o= A3 AlE weol 52 RE =18t Al 179 ¢S A "ok ol DNAY
wiwste] ols) weldk Aled wo] vs] @A Q%o 23 bubbleo] Aoz @ WA
ojm g},

u} 2 ek o 2 bubbled] lifetimeo] whalAd m AT Lifetime2 bubbleo] & A3t
(opening time)#} 23]+ A]ZH(closing time)e] Fo= A ofsin bubbleg] = 71d] W& lifetime
o) B¥ ¥ Figure 20. ¥ 2t} HE nke} o] bubbled] lifetimed 1319 Z7]o] tha] Bl F
Aoz FAF Zsstn Utk ol FH 2% o3 93 BT AT bubbled] -,
22 =7)9] bubbled] Bl QUMEY I AHE SAFE sy o] 5AL DNA A}
(transcription)t} B Al(replication)#g o] 4] bubbleg F#stE FiS(enzyme)d ]3] HA=Z

83 oj&dE F UTE FEHE F UT-
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3-7. 715 ©ld B2l 2 93 {71224 A F 2 hexagonal FEjo] Yy A

Hexagonal columnare} #eje]l W72z 2 27| ZY(self-assembly)S F =317 A5f
olzje] Figure 21. o] fluorinated side chain® 2& taper ¥ H{HIIZEA,
Pyrenebuthyl3,4,5-Tris[p-n-5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12-heptadecafluorododecan -1-yloxy]
benzoateZ 438}t Perhydrogenated [(CHz).] segments @} perfluorinated [F(CF2).] segments
o] u}7} 4/8(m/n)) semifluorinated alkyl bromides (1) B2E2}9} g B 2}9}9) vl 22 84
o] slojuith Aol Fetete] BATEE T4 shglon, TAIH $Ae) $43478 & Figure
21. 3} @t}

FAH 27+ EAE7) target 3L NMR spectroscopy 2 &18tH on, HFH o2 A4
A A 287t GAAHS v} o] hexagonal cylinder B8] 725 3 3'5}{— ) golr 7] $3), SEM,
TEM, POM A3 37 AFMA &-& =33 31 ).

Figure 22. ¢} -2 POM textureE 3}, hexagonal cylinderl & &l 338}, 7 Brlxo g 9
§2BAE AEE gol Ao spin-coating WHE AHE-Sle] BlehS #AE F Ruthenium
teraoxide(RuQs)E ©]&3}4] coreE stainingdt FAFM3} SEM A¥ S 835t} Figure 23, 2
Figure 24. £ 7}zt o] SEM, AFM 2 #E vels ], 2 A7 53 713 Ao A hexagonal el o}

A FANFOD W e AS FAs T o] ATARE FF WY S AD YS
el A7 shol STk
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o] ! o 1. LAM, THF, ct, ah

nGFyl, (PhELPa(e) » F(CFzla._ .
)’f\J\OH Hexanas, 1-207, &h F(C F2)g \/J\‘/"\DH 2. CBr, (Ph),P, THF. S T Ny

Thi{-5T), 8hirt)

)
Scheme 1
v l@o FROE g e g B}
3 2 P 5,68
FE F;)BWN + o —» FRCE R, 6
b, Yo, DMF. 8T, 158r (ethd
h,:-’f ' FHIE g Y
=
+
F ¥ v a0
3 DPFT®, DCC
H, EWDH/T] -
u BUF 0 Wl f CH,CL/Froon 13, 45, Z3r
B5C , Ear — 2
FOF, L 2
AT, A
o
TTE O 9T
-\ = RS N
BEDs mz',:wl E\"
Scheme 2

Figure 21 Synthetic scheme of designed supramolecule
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Figure 22. POM image of this supramolecule at 32.2°C

Figure 24. AFM image of this supramolecule by contact mode
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3-8. dl=gjr e} sfoj B AR 1A T FAEH]

e 2ges Azdr] A8 d=gey stolH i uEAE oj&ste AT WY
& g 2t 4 deud el B AlA] nRAet 2 A JHAY Y= YAE AT
¢ =712 FUE F 2 29 OFS tERANIeE ARG Ttk vhed uid A871E
NAAE f71 BAE GA b B8t sbe @ d2E I §8 Sdkd &8 A a2
e 4Rl AFAIZITh wheba] oA wekelE Wojut dol| ofdte] 7turk 7he R wheld %
G717F gol EAIEHA Hi o] £ 2§ A Fol HEd WHoR Vbl st VIAH A=
7b S 4g A thgo g AAA S F /pAY EA Ui G Abeld 92 7
2 dzgzg 75 e §& Bae T § R AE Ui dAE HTE SE
ol-gated &gt} oA wole AUF AAA 7 FE} FF 7HAE Y= AT EASH

= 7t B 2 44" Sol=FA 7]
24 a8 dMAde Y=g AFE-5 o] triazine 287§ 3}
ok

Ni

A Whiog AW wuld Bejure gadd. v)Fe Avie AT 7 JHAE 1
22 Uk Qdxte] @7 wel 2AH3 =Y £ vk g ¥ a5 e gst
o] F}

712 AARoz gy LHA d=E AW EY o 2HT PerstorpAtell A
Boltorn H20, H30, H40 olg}ts AEw oz Aslzm vk o83 Z8 W& bis-MPA(AB, &

1) E acid &Fvs}lo] core moleculed 3 7}3te] pseudo-one step wHog wEo] A3 §)
. a8y 28913 = AY)E etherfication®} e Bukgo g 23] & ExFY d=dg
g WA Z7] o229 FAde] §S3 core molecule §10] WS WA Ao] FAHHE &
ol itk olo] mls) B AFolA] ol HICL(THF), Zuje o83 Rut3o] §17] Wi
Fz7F Aol dxaE uwAd Za 28 Aol rhesith ek 1AdE dFdAs
J1Eo] d2E AL 2E FU1ES B2 ALE 98 F dvx Ex7 @ HICLTHE), =
) & A3} bis-MPA(AB; 2x=m)E core molecule §1°] one stepo. 2 J2¥ A& T
g UEAY.

ste degy AWy 122k
B 2AR e aeAe] E 08 @4 Wi ArBs approach’s WEF]
g Ay £ o2HE FenA dor 3714 &/0E AstBs approache A; 9 By B
W E 2§59 one stepO 2 solubledt N=gg 1EAE A PH2Z ABm type Z=w 9
T4 gox 44 A9 oz Bty YE A; 9 B 2xHE N d=Yg 18z
Ao sbssttte ool Ak & &R Hiol 23HA As+B; approache A st Aol
Jojdtin F @elA YA As 4o] Doyl Mol AAet end cappinge F3H T
e F9AIR date 9=y nERe Aol stk Byk ol Figure 25. oM H
= uke} 2ol Ay ¢ B; v H 8L A3 end 25 AEVE HHE F U
Z3& Figure 26. oA HE uls} go] T 2B AIS FF-3kE Succinic acid (A2
2w A A9 Fe|=EA7E F-8tE 1,11-Trihydroxymethyllethane (Bs Exo)E
HfCly(THF); =) (2mol%)s}lell 150T2 APstgen £ F S 2AEA S AAS}
7] 93 o-Xyleneg RolFth AHEAL =] Y3 243t Mol BHEES B IANH
™ 247 A%t By Ri=w HS2 2Fsle] Zzt end 1EO] FOJEFAZ|(Na<Ng) 283 7}
ZEAHNSNp) dEely AR 2 o 28E st Figure 27. o 'H NMR 23
Egow degyg WA Z7] 942H9 end 1E(-OH, -COOH) proton peaks HHH o2

Jﬂrjﬁ,

M=
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Figure 26. Synthesis of dendritic aliphatic polyesters via Ax+B; approach
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a) {,0 d :eou

b) {—0 cd o«}~

Figure 27. 'H NMR spectra of synthesized polymers (DMSO-ds 52.49)
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