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Diblock Copolymer Micelles for the Synthesis of
Heterogeneous Nanoparticles and Their Catalytic

Property

Sung Ho Jo

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

In selective solvent, diblock ' copolymers self-associate into
spherical micelles consisting of soluble coronas and insoluble
cores. In principle, the presence of chemically distinct domains
such as core and corona can facilitate the selective placement of
functionalities 1n different region. Many functional materials such
as inorganic nanoparticles(NPs), fluorescent dyes, and therapeutic
agents have been selectively localized in the core, interface, or
corona of micelles by adjusting their chemical affinity with each

block. From this feature of copolymer micelles, we envisioned

_|v_
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that two different kinds of metal NPs can be simultaneously
positioned harvested by plasmonic function can be utilized by the
catalytic sites. To testify this hypothesis, catalytic reduction of
4-nitrophenol by NaBH; was selected to evaluate dual functions

of micellar assemblies in chemical reaction.
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3. 43
3.1. Au Y=g =
311 A=

2oAgolq AE&E HAuClL-3H:0 9 sodium citrate tribasic
dihydrate ¥+ Sigma-Aldrich At AF=S AFEEAT FREAS
el FAAFwE P (TEM, H-7500, Hitach)S AF&3F3ow,
plasmon & #9357l 98] Ultraviolet-Visible spectroscopy
(UV-Vis, V-670, JSCO)E Alg&3titt. a7 E¥ 9 Z-$ Dynamic
Light Scattering = (DLS, Zetasizer Nano ZS-90, Malvern

Instruments)S AF-&3F%1 T}
3.1.2. Au Yx=d =] A
H oAFoA Au Y=Y AE Au oS citrateE o] &35t
AlA ¢k 156 nm Z7]19 v JAE FAsT. FAATHoZ=
05 mM HAuClL-3H:O0 &9 500 mLE £S5 u 71# 71g3 &
0.068 M sodium citrate tribasic dihydrate &< 20mLE #7

o] B3 S99 158 Eok o wwlauA 7hd T oA
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3.2. Au Y=dA7t =948 EEFTFTEA wol A

321 A=

Polystyrene-block—poly(acrylic acid) (PS-PAA)+= atom-transfer

radical-polymerization (ATRP)T3H o= A H AS ALE3A

Ao FFFAY TAFS PSeF PAA ZH2F 20k, 4k Fow, &

A= BEE= 1.12%9

EZ2TFAe EaEFS x4dsr] 98] Polymer source Apol A

T g PS-PAASTHAL A2 PS7F 5.2k, PAA7l 4k °]a

Au Hx=dxpe}l 3H-ES X887 918k 2-naphthalenethiol ¥} &7
&% N N-dimethylformamide (DMF)X -+ Sigma-Aldrich A}9]

322. =58 HA viol A Wil Au H=dAte] =

F4E Au g S PSPAA BB mlolde] e w
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A 9mLe] DMFo| Au HYx=dAE &4F AlZT Uie ko] i
S 2-naphthalenethiol®  *]2+s}7] ¢38te], 0.1 wt% 2-naphthalenethiol
DMF &} 0uLE theizte] A71e $ 60 'C 2 7H4E oil bathollA]
1A]17F &<t incubating 311

Au Y427 =9E PS-PAA mlo]dl RS wkE7] 93], 7l g
DMFo] &313 0.1 wt% PS-PAAEH 9mLS U=fat &l A
7besint. =Rk2 =l thd DMFS] #-9u|7F 457} & =% (DME/HO0
= 45) 2mLe] FFFE F7keta 110°CE 719 oil batholl A 2417k

F2t incubating 3}al oil bathQtell A A=271% dd3s] Wzhsl$itt.[34-37]
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3.3. Au-Ag °|F UYx=dA9 A

331 A=

Au Y27 =4 violdle] s FRFE A sty el
AFEH dialysis tubei= Spectrum LabsA}e] Spectra/Por”® Standard
RC Pre-treated Dialysis Tubing= A}-& 3%

Ag Yx=PAE 57 93 AgNO; = Sigma-Aldrich AFe] A

F2 AHeag

ok

332 Au-Ag °olF Yx=dA oA

Au Hx=dA7E =4 g vhoj Aol E+=&=(DMF, 2-naphthalenetiol)

S A AsH7] §ete] wpo] Al 8ol S dialysis tubed] ¥ $ thEo
B &0 A 247F dialysis stgEh olwl, Auvlt EYHEHA &e B2

T A vlol AL dialysise &3dto] AAZE HA &=, ol 2H 9

A2 (11,000 rpm, 30%)E 3 § FFTF ZAMAIA A A S

l

_17_

Collection @ pknu



cuvettedl A &3&3star 1A 7HEoF A2 A incubatingdr ¥, o] =3
AS spgo] 254 nmel UV-lampol] =247 tp
TEM= &3t Ag YxdAe Fx¢ AAE Felss o

plasmon &% UV-Vis spectroscopy & &3t €213}
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N
rfd
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oX,

341 A=

Au

i

wxte ZEtzE EAST el < & ¥} (photothermal
effect) & &<1sl7] sl 530nm ¢ 3= z2H= LED (LCS-0530-15-11,
Mightex) & AH-&3} %3

|

342 =¥ 54

|

g

|\

afol Al Fojol Au Yx=YAZE E9dE wle]ld & 15mLE

i

F
N

quartz cuvetteo] ¥ & LEDE A &HZ# o= A sFHA £
9 &% HstE A3 AY.  Au-Ag olF Yx=YAF EI 15mLE
quartz cuvetteo] %71 F LEDo| =ZAlA &% WIS =A3FA

o,

4
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w
(o)
I
=)
A
o,

351. A=

4-nitrophenol (4NP)©] sodium borohydride (SBH)¢} Y= ¢ #}e]
ZA) st A 4-aminophenol (AAMP)E 3k o] &= wk&S Qs A}
257 ANP9} SBH E5F Sigma-Aldrich AFe] Al#FS ARS8
1=

352. =54 54

ANP7}F AAMPE s+ o] H+= Sddhss &3t Au-Agols U=
dAel FHiEAdS Fedsd. F4A, T 28mld 14mM F
T 9] 4NP 400 uLE H7bsk = 108 347 o]F Y=g AE 400
ul =%kt =3 g9 27 1.8ml ‘quartz cuvetteo] =71
5, A7 423 LEDY ==A1Z A= 1A 7HEt aging Al 2T ©]
=

042M ¢ SBHE 7} £&&e°l 200ul Z=%skar Algte] et
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4. 43 € 1F

41. °olF Y=Y A

e §ulE AGSE LEIFFAL Slol gaHA Y
sojsh g5 e nEU} TRE AT o4 YYA) BEF
F@A) vhol e sojst = of getHor A2 e wv

43
of AMelA o & 7|5 (functionalization)

A, FZojo] EetxrryY SAS Fostr] 98 Au Yx=dAE FA4
3t7] 93, HAuCl/= citrate-reduction 2. & $43te] 15nm 7|
g zt= POl Au YxAE AZSAT B S3E R &= Fo

delo] Au heiAbE =Qshs] fsiE SR Au theid
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Egrgole Ao PS &= tha] RIS (poor solvent)® ZH-&
SHAIRE PS-PAA 35 3A= vlo] A Al % (critical micelle temperature)
2l 100 TColde] 2ZoME SHIA &2 Fyme FeH=E EAs)
AR ol AMAM3E] WZsHA HW PS-PAA S5 T A= PS
018t PAA FARUE zte 7Y mloldS FA4 shAEG. o]
2-naphthalenethiol & XH 718 % Au Y= A= PS E53} mlz7x =2
o] HE5e Jst7] flell PS Foj&e] EAEAl drk olHA FAEH
Au Y=g AZ7E =91 mrol (o] Au Y= xbE EUE mho]de Au
NP@PS-PAAR #7]a}H, Aol Akl PS(5200)-PAA4000)<
Au NP@PS-PAA(S), &5 &Ael Aol PS(20000)-PAA(4000)= Au
NP@PS-PAA(L) = H713He mzi} ool Ag YwolA2 d4ds
flste] dialysis ¢ 4lEE]l HHS AAH ool Hof= mho]Al

—L
il

032

X
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A7b whEo] 2 A& &2l & 4 vk Figure 29} 39 (a)9h o]

2ot 27k & AolE Au A EEFFEA vhold =

ofe] Fetzrd HHE Folats] Askel vhold WRE Edtm
A shgla o= Figure 29} 39) (b), (ol 41 8} o] Bxpgko] Az
te BEFFEA vhold Wil Au At m9E AL 2

ool BAg] Az tE 2E2EEHAZ AL oft vl
4 zojsh @z} Abole] Al Aot oo Au v 7e}
ade) Ag dedAz AdE Adlarl Satd BEapgel A=
be 2EeEdAs Aeaith ol Figure 25 39 ()9 (o)
oA Hol% Au =R F98 BeAw 9k vlolde) ArE

3 7

=
k|
i
of
%
(i
o
%0,
=
o,
kY
[

%

= Figure 4% DLS Ho|HE

of oaf =& = Urt o= P& F9 =E Y reflective index7}

= AR Zadd 7I1g e o] wh
2} 8 d(n = 1.33) Aol A citrate’} capping® Au Y=Y A 74
o

A FTFE+= 520nm SHAA Holxwh EHTU =

rlo

_23_

Collection @ pknu



reflective index& %t PS(n=159)7F Y=A mHol =¥ 45
Ad 427t 94 ddez o) 5ste] 530 nmolA BEE W

2 AFdAE Ag Y=g AE PAAGGlA AT F4dS 31
Au Y=Ygaet Ag 4= A7E SAl =dE mpoldl FxE Alx
stazl skadth webA Ag U= PAA G olnt dEz o=
FAdol HeEAE gst7] H8l AgNOs 848 UV-lampel| =%
AA Ag Y=J A7 &4 5 =4 UV-Vis spectroscopyE ©] &35}
Ag H=dA7E zte Fg=RY F59 IS T H=dArt
stAlo] F =% ¢rolH okt Figure 49 (a)¥ AgNO; F8HS
UV-lampdl =&4171 ZAQd L #HAZE UV-lampdl =FA|AHXE o}
il whgo] Mhasl x| ol §ofel FAL oA offd Wyl #HE

of HA &ALk ol Ag Y=UAIE T8N AEAM = Tl H

+ Au@PS-PAA°] AgNO3E =938t UVE Z=AFSE Zlolt), o,
UVE 2Abshe Azt A&Hoz Z7hgel wel 400nm 3o
A Ag degAst vElEs F3E AsHos Free A2

ol & 4 Atk ol BEIFFA vlol 4 s TAFE

off
2
X,

PAAYE 7HE-2 7)o (carboxyl group) &3l &4 Ao A oF3l
= Ue L o= <8 PAAE & AejolA COOH¢ (-)x st
S 2= COO = EAlsta ()dske] EAel <) Ag ol2e] A
A714 leom Qs PAASH Ag ol°] A =E ZAgste] UV 89
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ZAbl o3 Ag' ol®o] Ag YAR o] o]F YxAE
4 g A}AT(]F o]F Yx=dAE (Au NP@PS-PAA(S)@Ag
9} Au NP@PS-PAA(L)@Ag= %7|%h).

Figure 52 ()¢} (0)& HW, UV-lamp? ZFAFA|7Fo] ZAo]H o uwh
e 400 nm WM o] FRET AEH R Sk e wd &
T AU oo = UV ZAMA TR M E Ag Ux=9PAY F+x
5 Fstaar Aol W& TEM<= #5 3k3lal 1

I} 2L AYE d& 5 JAT Figure 69 (a), (b)= Au
NP@PS-PAA(S)dl Ag H=9da ATAE A7k 5 3411, 84131
& UV-lampell =% AlAH 92 TEM AFoltt. (a)o d3& &
3 UVEALE Qlato] mpol Al npg FAoA Ag Y= YA7F AA 5

L

RS A & 5 gon, 2AHen UVE 2AEA 9w A
HEE Ag UndRe 27 ge ANE AL ¥ 5
T Au NP@PS-PAAL)CIME vhxb7bA 23S A& 5 AT

vhol A ukg gelel] PAHE vhwgabel ATzt YRENL 5]

[

?13te] FE-TEM(Field Emission Transmission Electron Microscope)

l

S AF83te] EDX(Energy Dispersive X-ray spectroscopy) =213}

AANTZE 23 ¢ W83 892 1Ak 9} Figure 7914= Au

U= zkel Ag YegdAe] AxGzE 29 o HE83] gl &
AN} Figure 8 EDX 415 3t Aol Figure 8 (a)olA = 2
AEEAS AES & Yelda o, (b (odAs dld
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Figure 2. 15 nm Z7]¢ Au Y=Y A TEM3I} UV-Vis spectrum
(a) Au Yx=¥A (b) Au NP@PS-PAA(S), (c) Au NP@PS-PAA(L),
(d) 7+ Au =429 F3% ((a) : , (b)) == (c) 1 =mnn- )
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Figure 6. 30 nm Z7]¢ Au Y=Y A TEM¥} UV-Vis spectrum
(a) Au Y=9A (b) Au NP@PS-PAA(S), (c) Au NP@PS-PAA(L),
(d 7t Au Y=dAe 3% ((a) - , (b)) i— — , (c) ¢ =---- )
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Figure 10. Au Yx=9xel A7]E¥ (a) 15nm 2719 Au =44}
(b) 15nm Au NP@PS-PAA(S), (¢) 15nm Au NP@PS-PAA(L), (d)
30nm =719 Au Y=4=h (e) 30 nm Au NP@PS-PAA(S), (f) 30nm
Au NP@PS-PAA(L)
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e : 50 nm 50 nm
Figure 12. UV =% A|ZF WA3}o] W& o]F Y=Y TEM
(a) Au NP@PS-PAA(S) 3 AIZF =%, (b) Au NP@PS-PAA(S) 8 AR =%

(c) Au NP@PS-PAA(L) 3 A7F =%, (d) Au NP@PS-PAA(L) 8 Al7F =
(Au Y =Y4#*= 15nm =27])
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Figure 13. °]& W= 4] FE-TEM. (a) Au NP@PS-PAA(S)@Ag,
(b) Au NP@PS-PAA(L)@Ag
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Figure 14. o]|FYx=dA A&, (a) 72t
AE B4 spetrum® YA, (b) Au Yx=¢
A

A2, () Ag U=9A e

_34_

Collection @ pknu



yIXIX]

FEERE R R

] 1'0 Zb 3IIJ 4'0 50 EilJ 0 1'0 2.0 3I0 4'0 50 E'D
Time (min) Time (min)
Figure 15. 2717} €& Au Yx=dAe #F<Ea3}. (a) 15nm 7]
o] Au Yx=4# (b) 30nm =719 Au Y= A
(A : Au NP@PS-PAA, ¥ : Au NP@PS-PAA@Ag, @ : =)
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Figure 19. A7t 3t wl& 400 nm 330l A ¢ &= W3}
(a) Au NP@PS-PAA(S)@Ag,
(b) Au NP@PS-PAA(L)@Ag
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