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Tuning physical properties of gold and magnetic nanoparticles
using PEO—5/—PPO—H—PEO

Mi Jin Kim

Department of Chemistry, The Graduate School,
Pukyong National University

Abstract

Metallic nanoparticles (NPs) such as gold colloid and iron oxide have
received great attention due to their wide spectrum of potential applications.
For biological applications, nanomaterials require monodispersed size, solution
compatibility, biocompatibility, chemostability and functionalizability. To
enhance the requirement, we Investigated hybrid materials of metallic
nanoparticles and amphiphilic polymer. Pluronic F127 is a triblock copolymer
consisting of poly(ethyleneoxide)—A—poly(propyleneoxide)—h—poly(ethylene
oxide) (PEO—h—PPO—5H—PEO). Due to micro separation F127 self—assembles
into spherical micelle with PPO core and PEO corona. The termini of F127
were functionalized to form Au—S bond to induce aggregation of Au NPs.
Furthermore, within the core of F127 micelles, hydrophobic magnetic NPs

were loaded to enhance the stability and solvent compatibility of the hybrid.
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Aol A= Pluronic F127 a¥abg AMES7|Z skolth (29 1).
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2.1. 254 A4 v YA (MNP) % F1279) 43}

o] Ao|Mi= coprecipitation WHOZ A4S uE Iron oxide
(Fes00& Bt o] RS G skolA F127 soje] w43}
nfo] Ay} SIPN F2AE wHEo] B A9
MNP-polymer ¢ &7} & o 5
<A B ods] AT AHds W

Aol tisl] A E Aot
2.2. Z Ux AR F127 sIPNS =43}

2 YXx 99A(Au nanoparticle, AuNP)9 ¥¥ Zo}=& ¥ A
Ui Az A & dFE etk 47 At sd3 oz E4
stAME 4y e AR A fAE W 54 sl g F
ZE e W & U] "WEeld 5 v AR A s =45 9
AgA71aL 31 7] DNAE
==

A4 sl WRle] A7

3to] oligo DNAE & YA ¥wo
template= 3to] wj-¢- FUstA A&
= kgl
o] ATeME w Y AR F v PEH dAs 1A S vtEE AR
2 F127 7825 o]gg Zoju}, WA Y Ao] A} passivation layerS!
citrateE ol&ste] & Uk JYAE FA ST deo® F1279 dite] =
= YAt ¥4 7Fs3 lipoic acidE £3F 3 A5A 9 d33AQ
pyrenes A3 sIPN 2 W=t 1 & SIPNS & U YAE HES A
71 sIPNe 2ete] w Y dAE -Au-S- ¥+ AT AT
AuNP-F127 sIPN £4x7} =9 sIPN ©& <18 & vz Y} Abe] 7t
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7ol sIPN9 A& (20 nm) A=z dAeA FAHA vt = 5 Y
UA7F sIPNOZ Eeiapel F327F WA 890 oA dxte] P =
AAA & A olvh. & ym JAHE okye}t sIPN WFe] FFAE & o
W QJAb Atolef Wi AR EESA Ho FTHEE W oA Mol &

HE wA TV ¥ 2ES VIdE 5 Ao (2" 3.

-Au-S-
bond

LA-F127 sIPN AuNP LA F127 sIPN-Au
(20 nm) (15nm) conjugate

a9 3. F UYx 4R F127 sIPN9 - Au-S- FF2do= A3 &
A g

TRAoRE F = A sIPNS I 2EE I O 4UE
morphology & 7HA+= Uk YAE W& & AS Fo2 oAdn (19

4).

. quantltatlve

LA-F127 sIPN AuNP
(20 nm) (15 nm)

' . slPN excess

Aggregation Quaternary
structure

I8 4. AuNPe} F127 sIPN9 3 ZHo W& EAAY #+x o=



F127 3325 o] &3sto] A U dAket & Ux dAE T8 dAbo A
HAsHA EAF Al7]al UV/Vis 34, 333 239, 'H-NMR, dynamic
light scattering (DLS), transmission electron microscopy (TEM), Z

A79E o b T4NE S8 F498 249 54E Lot & Aotk



I. A YUx YAF(Fesz0y) & F127 ¢

Y g 94 Az

1 2549 A4 e 94 B4

24 Y YA (Fes04) =  microemulsions, sol-gel syntheses,
sonochemical reactions, hydrothermal reactions 52 Aol oA
glom Adwrzlow A o (Fe?', Fe®") 9 coprecipitation ¥& AF&3tc}

[311-133] o] AW

flo

gue YA 2% 2@sE o] §olskA AT P
@490l ZFsd el Ak (23 5).

_—

t}S5o @A #HE& Thabo J. Matshaya ¢ 2014 d <Distinctive
Interactions of Oleic Acid Covered Magnetic Nanoparticles with
Saturated and Unsaturated Phospholipids in Langmuir Monolayers>

Langmuir =52 &3tg i

£ 1A v 9A $el ARHE Al

Material Process

Iron(II) chloride tetrahydrate reagent
Iron(III) chloride hexahydrate reagent

Oleic acid coating reagent
Toluene solvent
Pure ethanol washing



(@ (b)

E{ %gi;? .
Co-precipitation = )‘XW
0A g~ ! £ L\" HO 7 7

082, 0¢

Doublelayer of 0OA Oleic acid structure

/
% Toluene (C)
Extraction

I¥ 5. A v 9A 34 #3 (@) Coprecipitation W, (b) Oleic

acid 7%, (¢) Fe—oleic acid 2% 34

@ FeCl, 4H,0

| @ FeCl; 6H,0
\, Oleic acid(0A)

Single layer of OA

1.5 g (7.5 mmol) ferrous chloride tetrahydrate (FeCly - 4H50) 2}
4.1 g (15.2 mmol) 9 ferric chloride hexahydrate (FeCls - 6H,0)E
120 ml Sl =9l (85C). o] &ds AotA wwreldA 20 ml
28% (wt%) NH;3-H.0 & W2A ¥ojFrh. NH; - H:0 ¥ A% &9
AZkol @ A Aol A HAPMoew WalHA HHo] AAE. ol 1 ml
oleic acid (OA) (3 mmoDE RWbE &Heo] s8] "Hojmrr}k (80C).
FEAGANA g ERE OA7) o]lFF o - A v dAE 9
I o] HAES 7] FolA e Al FesOu7F 7 AbstE o] FeyOs
2 7NAE S8 FHA wkgetojof st

 PAE 471 g8 FE& 8 OA olFss ddTo
2 s Foh R FAkE A Y=g A 50 mist toluene 50
mlE 98 Zurld Ytk A%° sodium  chloride® H7Fskal
Fe;0,—0A & toluene phase® ©o]EA|ZIt}. oju OA o]F3 9 upZ%

o EZof Holdlal Fe;0,—0A ©WAZ& toluene =O7 o]E3it}



toluene & A|AsFd 20 ml A% FIZ vt A2 JAEE pure

ethanol & 3¥H Ao]Ft},

1.1. MNP9] o2 &ull WA e 4t =714 Jd g2l

1S A% Fes0y4 g90] OA bilayer—Fe;0, JEHZE 3ol wAME L
F% Folli= OA monolayer—Fe;04 JEHIZ F40] W& hexaneel &4t
= 7z

o0 Hol 254U ¢ F Un AMe] Tel: Aol UL

19 6. MNPY o8] &) Wore &4 2718 AA (a)
Oleic acid (OA)7} o]F°o 2 FHHA Fe3z04 (b)) = F 0OA

7t ddZF07 FHYHH Fes04 (C) FF ¥ pure ethanolZ A
A T HA, @ AES 7HAZE W Ao EYye B
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1.2. F4AAE 0 H (TEM) 4

TEM A3 #7e] 10-20 nm Ate]le] MNP7F @A HAEFS sk

9
th (2% 7). CHClz o EAA 71 5 AF2ex =43k}

2% 7. OA-MNP TEM ©]u]#]
2. OA—MNPE €A F127 sIPNe A%

71 Grfell FAFEoIl= OA-MNPE F&Ho FAHAI7]7]  29]3)

F127 3 s/ 35S wE1 1 5o S/HFE Uste] hydration b+

shH SIPN & AxE 4 Ao (1™ 8).

1



Pluronic F127 ‘¢’ PETA (Pentaerythritol tetraacrylate) @ MNP
o} e}
HZCJO oACHe
HQC//\H/O O‘HAGHQ
o o

1% 8. MNP-F127 sIPN A& #4 (a) Solvent evaporation at
ambient temperature, (b) Hydration of dried PETA—-MNP-F127,
(c) Overnight shaking, (d) UV irradiation

2.1. MNP—F127 vjo|Alz} sIPNO Az

(1) MNP—-F127 m}o]d A%

F1273 OA-MNP¥ CHClzel 0.25 g/ml, 1 mg/ml2 o] z}bz}
t}. PETA+E acetone®] 100 mg/mle &%= eIt}

20 ml vialel MNP/F1272] &3 H]&°] 0.05, 0.1, 0.2, 0.4, 0.6, 0.8,
1.0 wt%7} 555 OA-MNP &5 H7igieh. F127 &4 HF
10%7F 5% 2 mlE golFth §9o] &3] ntE wi7tA] Aol &
Ak, 7)o 5 ml THFFE €1l ShakerolA 200 rpmlZE EE5WA]
OA—MNP7} mpo]d o] A o Fof Foj7bes gt

H] sk

=

M\

off

7t

i
ne)
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(2) MNP—F127 sIPN?| A=

20 ml vialel MNP/F1279] &% #]&°] 0.05, 0.1, 0.2, 0.4, 0.6, 0.8,
1.0 wt%7} %% OA-MNP &S H7igtt. PETA €9 pluronic
FAS 7|50 2 25 wt%Z 125 pl1¥ H7Isth F127 §92 HEF5®
7F 10%7F ¥ =5 2 mlE Foleth &9o] ¢8| nkE wi7bA] Aol A
9} oJ7]o) 5 ml 555 Y3 shaker °A 200 rpmeZE EEWA

OA-MNP$} PETAZ} vlo] g adi) BEo] o}l Soj7lL2 o) UV

£ A7) A ompolAl g YWHE Ar 7FAE A3 50Tl 10 &
Zol ot} odo] EbH Lumen Dynamic (OmniCure series

2000, filter 320—500 nm) 9 Y= 1.5 W/em?Z 143sto] 68 FoF
UVE A= 3 A ELS 0.2 gm syringe filter 2 A&t}

(3) CMT HAE
CMT HAEE sIPN £HS CMT o]t T)eol 3% o Hiast &
RE

FEg SYso] FeolM ZF g7 wmwsnt YPolth vlold T2

m[ov

MNP-F127 wpo]d} sIPN & &S @dale] b &k ¥oFi
4T 10 7 12,000 rpmo® gARY st} dAEe & Azas
Fule] ¥y FFEE =431 MNP-F127 wvlo]lAlzl sIPN & H] w3

=t

13



2.2. UV/Vis #3%E& °] &3 MNP-F127 wlo]d3 sIPNE| #

814 543 g4 vz

OA—-MNP A= UV/Vis YoM 54 334S FFkA= A A
Zs oo glol ZRAA YA FH =T UeRdth o]& o] &35
MNP—-F127 wmlo]Als} sIPN £99& MNP s%o W& F3 == =43t

et 54s ottt = CMT HAEE Fd MNP-F127 wlo] 4
7 sIPN %9 by AdS nluws) Kotk

(1) MNP-F127 vio]d3} sIPN A%
MNP-F127 wjo] a3 sIPN Az & MNP 9 o] a5 S92 4
iy

hexane®l|

of AolA &

BRI
4
2
z o

9,
i)
a
fuiu)
©
—
9
[
i,
&
=
Z,
&6
ofo
12
rlo
oy
D
<
)
=
D
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a1% 10. 5 MNP-F127 sIPN &%
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(2) MNP-F127 mlo]A3} sIPNe] MNP 58 &3457 =34

400-600 nm YgHeolr MNP-F127 wjo]Ala} sIPN ¢ FHFEE

Aot (29 11, 12). 53 5

Eﬁ
FFEE o]lgste] 1Y E 18RS (19 13).

Absorbance (O.D)

MNP conc. (wt%)
1.2 —0.05
—0.1
—02
. —04
\ —0.6
0.8 \ —0.8
\ N —1.0
N - - -CMT
N N\
N AN
0.4 5 N )
~ ~
~ - ~ d
g - ~ 3
0.0::—_-. — - == _:~
400 500
Wavelength (nm)
. MNP-F127 wjo]d &-d9] w5 FFT 4 1=

16

2249 pluwdlRr] 98] 480 nmolA 2

600



1.2 5

0.8 4

0.4

Absorbance (O.D)

- =

-~ -

MNP conc. (wt%)
—0.05
—0.1
—0.2
—04
—06
—0.8
—1.0

- - -CmT

Wavelength (nm)

600

1% 12. MNP-F127 sIPN €99 5&5d 35 54 1d=

¥ 2. MNP-F127 w}o]A, sIPN £ ]

MNP conc.
(wt%)

0.05

0.1

0.2

0.4

0.6

0.8

1.0

Abs. of micelle

25T
0.016
0.029
0.082
0.122
0.133
0.239
0.410

4T

0.011
0.020
0.035
0.077
0.089
0.176
0.326

FEE F

Abs. ratio Abs.
(4T/ 25C) 25T

0.69 0.012

0.69 0.039

0.43 0.057

0.63 0.237

0.67 0.276

0.74 0.330

0.80 0.398

17

3% (480 nm)

of sIPN Abs. ratio
4T (4TC/ 25C)
0.004 0.33
0.012 0.31
0.028 0.49
0.110 0.46
0.175 0.63
0.249 0.75
0.268 0.67



04 —®@—MNP-micelle(RT)
— @ MNP-micelle(CMT)
—Hl— MNP-sIPN(RT)
— H- MNP-sIPN(CMT)

Absorbance(O.D)

ot
0.0 5 —~ T

MNP concentration (wt%)
73 13. MNP-F127 vlo]43} sIPN¢ MNP %9 wW&E T3 W3

T3 (480 nm)

FEIF SRS

=
ojde] B AFels ¥ WMt AAwk MNP %7} 0.

18



d= gy mpold RN FEE A4Sl o AA YEsth F1279
294 Fatel MNP 7 PETAZE & Eo7FA Xshal o] wiiof
PETAS] 7tuwAgo] LA FadA add oz dojux] oot A 4
Bt A5 ¢ ok UVE ARk AlZkelu k9], PETAY] % &
d 7t E AT

AEE F3 vlo]dy SsIPNS encapsulation A% S

25 7H Zor dddn. webd mA F2E 249 de7t

19



2.3. FH{AAEHF (TEM) 4

MNP-F127 wfo] A3} sIPN ¢ %27 xjo]Z <olr 7] ¢ ste] TEM o]
] &tk MNP/F127 wt%7F 1.0Q]1 mlo]al gMa} gI[PN fHe u&
2] FE7F 1 wt%ZF HES 108 31X 5te] Aol F435 . (19

14. 15)

1% 14. MNP-F127 ulo]d TEM ©]u|X]

20



RN e PSS i

sIPN TEM o]#n]x

TN .

a% 15. MNP-F127

MNP-F127 wlo]Ae] 79 MNP encapsulation® 2 A7}
aggregation® Y&, F127 wmlolAl zpA] x5 &7 @ 4+ A
MNP-F127 sIPN® 7%= MNP A7} aggregation® -2 37
large vesicular micelle®] AEHE SEI FRE  LAEAY
Foam—like structure® MNPY F127 Akl Z27]1 20 nm FEXth A
7R itk TEM oW Awte 2= o] 729 yii-o] MNP7} &
Ast=A o] YXsHEA= &7 o Het

21



3. A} HXAE

A OA-MNP7} F127 o @A %o F8dAibe] FAkyo] Q& o
oAQds] AdES THAEA #HEET Aol S W AlZbe] wE MNP
fH] FHFEE FHs] A dupikE o] A} ol st E A FE
o7 BAF ®Horth

3.1. 383 &57F

MNP/F127 wt%7} 0.291 vie]d &7 sIPN = ARE-skial 30
I Ao ® 120 ¥ ¢

U Aol S8 MNP-F127 vlo]d, sIPN = & & 33 °o|ZFH
MNP &2 2714 45

vpo] A} Hlaske] sIPN &<fo] o el 2o Hegitt viold &2
Aol Adrs ANl He e YAk g0l =oubARE sIPN o2
60 ¥ 120 & F7F 2 Aol7k it

S S A=
3 + A

22



1% 16. 0.2% MNP-F127 wjo]d LM (3) Mo A4S iz 99
713 AA BF (b) 30 F, (¢) 60  F, (d 90 ¥ &, (e) 120
B3

%" 17. 0.2% MNP-F127 sIPN €9 (a) €% A& tju £H49
718 A B3F (b) 30 E F, (¢) 60  F, (d 90 & F, (e) 120

¥

23



w
[\
ol
ol
b
i
S
olo
(ot
o,
off
2
)\
ol

MNP/F127 wt% 7F 0.6 ¢ wpo]dl golu} s[PN £

el
=
308 7+A0Z 150 ¥ %<¢F 480 nm ¢ FFEE =49 (29 18).

o ‘L —e— MNP-micelle
T —=—MNP-sIPN
M(sIPN) —— Fitting curve

0.12 -

@)

C

o)

2 0.09-

c o.

0

[ -

o

w

pe

<
0.06 -

Time (min)

19 18. MNP-F127 u}o]A, sIPN & A|z7lo)] & EF% 17
3 (480 nm)
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¥ 3. MNP-F127 wlo]A, sIPN €9 Ty 23

Fitting curve R? | *Tw(min)
MNP-micelle | — 8.333 1077 x*> —=7.31010°° x+0.0704 | 0.918 94.7

MNP—-sIPN 1.865 107° x* —4.702107* x+0.139 0.807 31.6

*Ty: half of MNP absorbance (concentration) after moving to magnet

A BlaE flete] wholAl® SIPN 742t F4 %
e TEAEYT AS FFECA ARRe] Al whgk MNP7E Ao &
# 99 FFEE Padted Tugks A5 F3E7 who] HAE o
o] A|z+g ettt whol Az sIPNO Tyt ZH2b 95 7, 32 #2= ¢F 3
ol = sIPNo| W= A AA o= o]Faditt. o] A= TEM
M BEo] sIPN Fxo|A aggregation ¥ 27} ¥ @Wo| Lwy wit

o ATk AHe] Belhs SR ME Ao2 B 5 Yok = AYL

A 3= Ao R Hol Z+7Fe] MNP A7} aggregation® 7% (18 15)
ol % MNP 7} Afe]=eo] w3l glo] Z+2t H¥lfo=r EAsts o=
Azre 4 Qi

25



I. & Yx Y4Ae F127 sIPN

=43 dAF A=

1. Citrate & Y= A(AuNP) A

4. F U 9 Ao AHEE Aok

Material Process

Concentrated nitric acid, hydrochloric acid washing
Sodium citrate tribasic dehydrate reducing/capping
Gold(III) chloride trihydrate reagent

Citrate = o] €3t &+ Ux A2 dAHH O Z Steven D. Perrault

o wye ALgEHeT

HA 250 ml erlenmeyer flask®] magnetic stir bar?} 100 ml9 =&
Y3l magnetic stirrer®lX rpm= =o|dA #AzSth Hl o rpmol A
stir bar7} &2&o]x| ¢kl A A 07 Zol7lE= erlenmeyer flasksS A€
& 5 G (A AAkE 311 9 R v AoF &) E erlenmeyer
flask& AH 3. S5 AAGL SHTE o] | AlHste] s T

Ht.

26



Aol XA stirrers wlE] A GAIZITE (~3607C). Erlenmeyer flaskel
SHST 99 mlel 25 mM gold chloride €9 1 mlE Yetuh
Erlenmeyer flaskE Q% stirrero] €831 #< wW7bA stir bars
3] ZeErh g9o] 100Cel 7AW stir bar7b A 0= 35}
oo Hogt 55 =tk 1 ¥ 3.3% (w/v%) citrate £ 1 mlE 1
ml pipettes ©]&3to] flask T4l W=7 YojFt}. Citrate £
AuTE AR A= FPAlols AuNPe BHS FHE AuNPE

FHE A7) A% @tk Citrate & WolF AFoli golo o]

oo |

~y
O 12

]

ESEANRC IR S DY

=

o

al
o] H A= & F Utk 9 ol A Wt gle wWzkA whe Al
2 g A27HA A7 IR BRadth
Transmission electron microscopy (TEM), dynamic light scattering
(DLS), absorbance spectrum scan ¢ W To2 & Yy A9

g o9 B4E & % ek
1.1. DLS

SAS 4 v FAste] 25TCeA SHeATE 54 A3 Ao FA4 A
18.9 nm o HlwA #Ad3t 7] E¥XE Bt (29 19). DLS

N

rir

]
= hydrodynamic radius & =733t22 A gxe] A7|wc ¢ & 4

B AL A4 & 4 k. ZETASIZER Nano—ZA90% 7433

oos
’ i

27



27

18

Number (percent)

0 10 20 30
Size (nm)

% 19. DLS &3& %3 citrate AuNPY 3I7] &%
a8 =

1.2. FFAAERH (TEM) &4

=
= 16.811.2 nm=Z L3 A7]E HIlY, FIE thFE 7P o2 e
o}

28



I3 20. Citrate AuNP9 TEM o]u]X]
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o 1o

1.3. 3%

2 W 3y ke Aol FAsY (1¥ 22). TEM SHC=2

=
5

100

75

50

Number

254

0
10

Size (nm)

I% 21. TEM ©o|u|A & E3t citrate AuNPE 7]

B Y=

e

g

1€ Asta & Wi dAe F3F Al FFEE o185k

£E 7E 5 A% (& 5.

¥ 5. AuNP9 9#F 73719 FFEZFEHY % 2%

Determined Diameter

Maximum Absorption Wavelength

Absorption at maximum
Dilution of stock
Extinction Coefficient

Concentration

30

16.8 nm
520 nm
0.44
0.5
5.28 x 10® cm™'M™!
1.68 X 107 M



0.45
—~~
a
O 0304
©
O
C
@
o)
[
G
0
S 015-
<
0.00 . : : : : :
400 500 600 700

Wavelengh (nm)

%8 22. Citrate AuNP9 &34 x J#=

2. Lipoic acid F127 (LA—ester—F127)2¢ A

F127 @te]l AuNPe} /2% & 4 Sl lipoic acidE E=sH7] ¢
3k A olt}. Lipoic acid®] 1,2—dithiolane”’]= AuNP2} F 79 -
Au-S— ATE olF £ Qo] thiol 719 3 A AIS 5= AR #

=
A A o Sl dAel Ak

oSl A HAHL Zi Ling Li ¢ 2009 @ < Synthesis and

Self—Assembling Behaviors of Biotinylated Pluronic/Poly (lactic

31



acid) Biocompatible Block Copolymers in Agqueous Solutions>

Applied Polymer Science & Q1&3tgtH® (728 23).

¥ 6. LA-F127 &4 ALg" Aok

Material Process
F127 reagent 1
lipoic acid reagent 2

N,N —Dicyclohexylcarbodiimide (DCC) coupling reagent

4—Dimethylaminopyridine (DMAP) Catalyst
Dichloromethane Solvent
Sodium hydroxide extraction
diethyl ether precipitation

o
HO o H
o o g
HO
m n m
S

m=100, n=65 —s

F127 Lipoicacid (LA)

DCC
DMAP

m=100, n=65

LA-ester-F127

1% 23. F127% LAS] ¥ks3 724

32



Pluronic F127 (20 g, 1.59 mmol) & dichloromethane 300 mlel =<l
=2l % lipoic acid (0.82 g, 3.97 mmol) 8 DMAP (0.029 g,
0.238 mmoD & RS ZgkAAe] Y€i £95 0T 7kA YZA 71t

Dropping funnelel DCC (0.65 g,

—_
~—

3.17 mmol)E €1 ®¥-& g9le] 30
ol HH3s] dolFth DCCE Yol § AF2oA 48 AlZF Tt ¥H&
NEA=

P

o
olo

1l

o] ¥yt Hk§-3FA] 931 ol lipoic acid

9] sodium hydroxide €9 Yil FE3. EF5S AAS L 2 771

m\m
2
o
ol
ol
N
o
glj
—
(-}
N

T2 WA WAl Eolwa Hdo]l AV FEHEE] AAsG Fe &

el 27k diethyl ether & Yol A ES JAAZG o] A& 2 WA

s Y pEa 548 FEEty Iy AxA00. 'H-NMR, IR

o g EZ9 FARE et} (FAFE: 17.593 g, 85%)
2.1. 'TH-NMR

&= CDCly & AHESISITE F127, LA whe] 9135 wlasto] 7tzte]
45  assigndttt (2" 24). NMR A3}z HyH  AF4HC
LA-ester—F127 @530 t= A& & & AARE F127 & lo]=5A]

71l LA 7} dvpibs gbgetdlexs @71 olfth

8 (ppm, CDCl3): 1.07-1.09 (m,—OCH;—CH(CH3)—), 1.44-2.38
(m,— (CH)3—CH,—COO0O-), 3.48-3.59 (m,—OCHy;—CH,—
—0OCH,;—CH(CH3) -)

33



a b a
RO o) R
‘ \%/\OH’\( ‘HAOA}«

o
QL d f h >
R: i
(o e 9
m=100, n=65 s—g

il a
I l |
B2
A M \“ [\. i h h df e 1.\
b 'l* A ‘N’ ll‘ I | ™ ‘ \
A N, b, ,AW O . I
i‘-l -1‘2 -JIO 3‘8 3‘5 3’4 3‘,2 EIC 215 2‘5 2I - 2‘2 2‘0 ‘iB 1 ‘6 1 I-' 1 ‘2 'IC C}E 015 0‘4

1 (ppm)

1% 24, 343 LA—ester—F127¢ 'H-NMR Z 3}

2.2. IR 34

KBr pellet H< o] &3ttt F127 WS =438l LA—ester—F127
1% 25). NMR 43 vpxk7iA 2 A4 o

Ao ukg F&e &7 o |d

~

2 =4l vlas) molv)
Au

2 34 g & 5 9

~
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-C=0 stretch

—— LA-ester-F127
— 127

Transmittance (%)

\
0 ¥ T T T . T ¥ T T T ¥ T ¥ T y
4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumber (cm’)
1% 25. LA—ester—F127¢ IR 23 18X

LA 13 IR 93+ 3300-2400, 1690, 1250, 945 cm™ oA Yeht
=l F1273% 3=37F A HolA| %=t} Esterd -C=0 stretch A=
1750-1735 cm™'  (aliphatic)®} 1730-1715 cm™ (e, A
—unsaturated) |4 YEhyar -C—0O stretch ¥ 3= 1300—-1000 cm™!
o 4] veEbdTt

35



3. LA—ester—F127 blending sIPN - Au &AA] A%

LAZ} F127 @k A &ud SA4do] wolx] oMol &7l stolA]
22 F1279 LA-ester—F127& 7] &l Fo] WA A58 e &
Au €9& 9o hydration A7tk Au §No] LA wkSahdA wlo] Al
o] A A& 713 sIPN & AZdc}h (17 26).

F127 + + PETA (Pentaerythritol tetraacrylate) 0 Pyrene i LA-ester-F127 sIPN
LA-ester-F127 [} (o] \ %
mo A ek ‘Q "
Hzcé\[ro O\thHz OO
(o] o

1% 26. Hydration ®'H& ©]€3 LA blending sIPN AZ 34 (a)
Solvent evaporation at ambient temperature, (b) Hydration of dried

PETA-pyrene—F127—LA F127, (c) Overnight shaking, (d) Heating

36



3.1. LA—ester—F127 blending sIPN - Au &AA A%

(1) &4 £

Pyrene® PETAY 27t 5 mg/ml, 100 mg/ml 7} EE= acetone®] *
o] FH]stth, Pyrene¥ PETA €42 HS Addstr] Qs 8718 9=
TAA] B3

-

ofs

Citrate AuNP= 3=  fstel  xd IBAES <o 2%

Bis (p—sulfonatophenyl) phenylphosphine dihydrate dipotassium salt

(BSPP) #zt=®E A ghstol FH &Y Citrate AuNP  37.5 mle]

BSPP 22.5 mgE Y&t 30 &3 whgA17] 1L

1A sodium chlorideE H2MoA Kol = w7tz Y=t (~0.4 g).
A

g9 o] WalW 3,500 rpmO % 10 7 AN Falgrh AEAe A

2
dFe S8 UVE SATH o] ddd 9= 2485 fl# F 7 uE

LY fAS AEE =T e g = 5641 X 10710 M o]H

(2) LA—ester—F127 blending sIPN - Au €4 A A%

2 ml vialel LA—ester—F127& 77} 1.25, 2.5, 5.0, 2.5 mg¥ F127=
23.75, 22.5, 20.0, 225 mgs P11 F 50 mgs HaZFY
dichloromethane (DCM)<& ©]g&3sto] =<QIth. LA—ester—F1272 &
Pluronic® A o8] 5, 10, 20 wt% ©|t}. Pyrene (5 mg/ml in

37



2 Pluronic ¥AE 7|02 77}

acetone) 5 x1¢F PETA (100 mg/ml in acetone) 6.25 pl& “=3}to]

vial o] ¥+=t}. Pyrened} PETAQ ©
0.1, 2.5 wt% o]t}
4] (acetone, DCM) & €43] A A3 BSPP—AuNP €< 500 pl&s
vialel ¥+=t}. LA—ester—F127 10 wt% blending sIPNol+= @& %24
= St As e Aug 895 A7t golitth. Shaker oA &
F =9 200 rpml®E EE5"A hydration A7t} Au solution®] UV 3}
|~ WA % heating blockell4l PETA 7twd3S AlAFE (85T
15-20 & f+AD).
ol ¥ &5 L 4TeA 5 #3F 12,000 rpmo.2 44 Ert
AEdE do] UVE F3& SHsty A dV9s, TEM 522 B4
AT LT
(3) CMT HXE
CMT HAE+= sIPN £S5 CMT ©Jst(4TC) o 35 &9t Hast & &
F FFes SAste] ARoA S @I vusiEe Adolth wiolAd
Fzol vl sIPN o] HwW Fxo] qbgdo] Tt CMT oste] &
ToM L wlold FxTF A Eo] AFA Y FFEAo] A oA X3t
oo mebd F33 9% AV gAsS F3 sIPN 727 2 A4 E4
Ao oAFE & = Stk sIPN &9 &S W ael a5 w<t Jol+F

4CA 10 &3F 12,000 rpm o2 I8 dof i & 4
Y 533 dds SAHs

90
38



3.2. LA—ester—F127 blending sIPN - Au E4A9 F3=
=2

F4E =54 243 520 nm 2ol Au?l H A9 300-400 nm F-*
oA pyrene A7} A yERIT (¥ 27). LA—ester—F127¢]
blending B]&°] 5% |4 20% = *Fo}&4= pyrene ¥+ T Adh=
%! Hol=dl o] LA F127 ¢ Z7k9 34 L3577t 7hasbdA
sIPN #2271 2 35 A ¢kol A7 Adeta Az+e 4 ok 20% A
= pyrene 337} YERYA &= ZOF Hol blending %7F HolAH
sIPNo| &N A A g=th. CMT HAE A3 BE MZolA pyrene
40%, Auts 20% A=Y 3% 74E&S HAT Pyrened £3: 7
&5 o] AR vBludd o sIPNeJA o @& FAaE&S Hol2E sIPN
Zz7F e Fua AR 5 Qv % pyrenedt Aufl SF¥E AT}

7 detu= Aoz sIPN-Au EAAZ}E H3dSS A58 + At

ogk
o

F
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LA-ester-F127 conc. (wt%)
5

—10

—20

—— 10 + high conc. Au

- —--CMT

Absorbance (O.D)

| ! | ! | 5
300 400 500 600
Wavelength (nm)

13 27. LA—ester—F127 blending sIPN - Au EAA9 &3 =3
A7 I8z

¥ 7. LA—ester—F127 blending sIPN - Au E=AA9 3% (339 nm)

LA—ester—F127 Abs. at 339 nm Abs. ratio
blending conc. (wt%) 25T 4T 4T/ 257)
5 2.26 1.46 0.64
10 1.45 0.71 0.49
20 0.592 0.428 0.72
10 +high conc. Au 1.502 0.988 0.66
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¥ 8. LA—ester—F127 blending sIPN - Au EAA9 &3 % (525 nm)

LA—ester—F127 Abs of sample at 525 nm Abs. ratio
blending conc. (wt%) 25T 4C (47C/ 257)
5 0.30 0.22 0.76
10 0.31 0.24 0.76
20 0.25 0.22 0.91
10 +high conc. Au 1.01 0.81 0.80

3.3. LA—ester—F127 blending sIPN - Au 24 A9 % 573

g3 54 A3 pyrene A7} 350—400 nm FLolA vERGTE (19
28). ¥43% 54 A9 FAFE APFE EolW blending 20% o
pyrene 2 37} UElUA] 2=tk CMT olFd% g3 A7ls AY
FUSA FAEHE AR Hol LA—ester—F127 blending sIPN - Au

o 27} Agsha F & 9.

41



LA-ester-F127 conc. (wt%)
30 4 5

—10

—20

——— 10 + high conc. Au

20 4

Fluorescence Intensity (O.D)

- - -CMT /

Wavelength (nm)

I3 28. LA—ester—F127 blending sIPN - Au EAAY 34 =4 24

I =

¥ 9. LA—ester—F127 blending sIPN - Au EAA°9 d% =% (374

nm)
LA—ester—F127 PL at 374 nm
blending conc. (wt%) 25T 4C
5 185.32 16.83
10 7.03 9.68
20 6.42 7.46

10 +high conc. Au -

42

PL ratio
(4C/ 25TC)

1.10
1.38

1.16



34, op7l2= A A9 E

AuNP = 32We] BSPP ggt=e] o8] SdstE wal glorms oA
FoobgiEo® by H24 MERE yeldt F127 sIPN
274 FA w4 @ FFA FF3METE YER=T pyrened 365
nm IFolA FEMY Wz HT (I¥ 29). oA A ofA
pyrenes BX|§ F127 sIPNS A$ (-) WFor &7l AFES H

+
N—
!I
001‘

LA—ester—F127 blending sIPN - Au EA A= g
7 A719%F RS W 7449 olF kol wel WFS3 conjugate o HIE=

E s d ¢ S ACR 5T F Qlth oPlR=EE 2 %5 AFESE

¥ 10. 29 289 7} Lane ¥ AE AH

#1 #2 #3 #4 #5 #6
LA—ester—
F127
10% (high)

AuNP LA—ester— LA—ester— LA—ester— | LA—ester—
(BSPP) F127 100% F127 5% F127 10% F127 20%

43



I LAF127 blending sIPN p LAF127 blending sIPN-Au conjugate

a8 29. op7tE = A AV9%E A3

365 nm oA F1279 FFo] zobds= pyrene 2 U] 578
WME7E AeiA Bty F7he] WMErE wol=d 18 ME=s LA-F127
blending sIPN o2 Ho]3 o}zl W=+ LA F127 blending sIPN—Au
conjugate & Ko At} Au’} F127 sIPN 9 dgow (-) Weo=w
olEst= AL B 4 91 sIPN—Au EA A aggregationC® 213k ¢

24 A7)0 Z7tR ol%& Tyt A= AS #AFAE)
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3.5. TR} AAAEF (TEM) 4

TEM Z3¥ 100 nm ©]3e & x50l A= o= u9
AuNP 9} 1#=}9] aggregation® 2 <13 A3z Ho] At} (28 30).

AEAY] FETE Fof o|uA R FEE YY) ofHh

. e
i L]
B i

1% 30. LA—ester—F127 blending sIPN - Au EA A9 TEM ©]n] X
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4. Lipoic acid N—Hydroxysuccinimide ester

(LA—NHS ester) ¢ 34

ot

LA—ester—F1272 F1279] @4 3lo]EEAIV|E LAR X ghH o]
F127] uls] =4do] "ojx i F&deA &7t wlf- virh o] A&
=E317] 98kl NH,—F127 blending sIPNS WA A %3 ¥ LA-NHS
esterg sIPN Zehe] ofnlx} dk-g-A|7Ity 1 A3y} sIPN o &3%7F <

7bshiL AuNPSEe] 93 o] gols) 4 5 9tk

t}So] A AL Jaswinder Sharma?l 2008W <Toward Reliable
Gold Nanoparticle Patterning On Self—Assembled DNA

Nanoscaffold> Journal of American Society =%< Ag3FitH6l (7

o 3D).

¥ 11. LA—NHS ester 34 A}g9 AJek

Material Process
Lipoic acid reagent 1
N—Hydroxysuccinimide reagent 2

N,N —Dicyclohexylcarbodiimide (DCC) coupling reagent
Tetrahydrofuran (THF) solvent

Toluene solvent
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o]
o]
HOJ\/\/\‘/} + O DCC q
o
Sy |

o 5

Lipoic acid N-Hydroxysuccinimide LA NHS ester

L]

1% 31. LA-NHS ester &4 ¥4

N,N—Dicyclohexylcarbodiimide (DCC) 2.10 g (0.01 mol) 2} lipoic
acid 2.06 g (0.01 mol)Z tetrahydrofuran (THF) 10 mlel] =<1t} 1
S N—-Hydroxysuccinimide (NHS) 1.15 g (0.01 moDE Y 72 A7+
&< wRksty JdES Y FHolHE o]&ste] AeFr. Azl &9
Sl & &3] AASHIL toluene S AAGste] FAsteh, ozl

'H-NMR (DMSO) & +% #243}o] et}

i)
o
o

(RE&&: 2.46 g, 81%)

8 (ppm, DMSO): 3.59 (q, 1H), 3.17 (m, 1H), 3.12 (m, 1H), 2.80
(s, 4H), 2.67 (t, 2H), 2.40 (m, 1H), 1.87 (m, 1H), 1.65 (m, 4H),
1.45 (m, 2H)

4.1. 'H-NMR

et

4§ 'H-NMR % 7% &4 35t 7
23 AyERE] LA-NHS ester7} @AHYLS gl 18 32
z

W ExelA [ 9A9 Fa0 FANAL 1% F1 YA S ARy

i)
N
N

)

1o

&

H

i

o

107]

9,

0Q

=
of

ol

=
k)
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1% 32. 343 LA-NHS esterd 'H-NMR 23}

5. NH;—F127 blending sIPN A|Z

NH,-F127% F1279 2o 3slo]l=E5247]E  1—amino—2—ethyl
carbamate® X33t A yEAtolth (18 33). £=7F oF 23% = A
1 A& AMEEth NHo—-F1278 F1275 AFE-3F] blending sIPN&
A z=sH T

ol
3
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HO 0 H
0 o
m n m

m=100, n=65
F127

Etylenediamine
Carbonyldiimidazole

Dichloromethane
N, Ndiisopropylethylamine

H

R40 (o] R Ry~ N
" 1 . \\,/\\NH2
(o] (o]
m n m o]

m=100, n=65
NH,-F127

9 33. NH;-F127 &4 +x2

5.1. NH,—F127 blending sIPN A|=x

(1) §9 Z]

il

50 ml conical tubeol] NHy,—F127°] 10 wt%7} ¥ %% NH,—-F1273% =
220 BAZ o] Y ¢AF S uwrlx WAe] B#sig $-A3)
=

of tube & Wil =7k A8 A ARG F127

o I
R 5

d

10 wt% |9I9% FL3t

= O

X

=

= | W=tk Pyrened PETAY® Z+2} 1 mg/ml,
100 mg/ml7} =5 acetone®] =9 4|3t} Pyrene¥ PETA £

=

We Ada] g8l 8718 TU A mae

i
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(2) NHy,—F127 nfo] Al & A

o

20 ml vial °l pyrene £ 500 pl1¢ PETA €9 125 plE& 91

4o e

2peksl & Al 2o A AZFAIZIYE Pyrened PETASl %2 pluronic FA
(@)

i

Zlelo 2 747} 0.1, 2.5 wt%°lth. Pyrene—PETA 3 &°| WA H

5%2F 25% blending sIPNS A %317 Y& dAx&7F ¢ NH,—F127
gy} F127 €98 5, 25 v/v®e 2% % 5 ml 9=} ShakerolA 3}
F 9k 200 rpmoE EEWA pyrened} PETAZF mlo]Alo] A=A H

o ol Zol7kES gk

off

(3) NHy—F127 sIPN Az

utolAdle] UVE ZAbetd mlo]dl soj o] PETA It 7twAdg oz 3
TZE JAIY (29 34). UV & XA A wro]Al &9 YFE Ar
7k A3 50T o4 10 2 Bt e o] CMT (critical
micelle temperature) ©]40 % &E5E5 o] PETA7F wlolal ASA =
Aol o Z So7HAl 7] fgtelth. ode] £y Lumen Dynamic
(OmniCure series 2000, filter 320—500 nm) < 9= 1.5 W/em’=
agste] 6 & B UVE AT HE A= 0.2 p¢m syringe
filter® A Fh sIPN WF-<] pyrened 33 #3S S48 CMT

HAES 8] sIPNo| nh} & whgo] FEAE & & 9k
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1.5 Wicm?
6 min
50°C.

LS
=

%q% F127 4+ NH, F127 + PETA (Pentaerythritol tetraacrylate)

o o
HaCx L 5 O&GHQ
HC™ Y o OY§0H9
o o

1% 34. NHx—F127 sIPN Az #3 (a) Solvent evaporation at
ambient temperature, (b) Hydration of dried PETA—-pyrene with
10% NH;—F127 blending solution, (c) Overnight shaking, (d) UV

irradiation

5.2. NH,—F127 blending sIPN &3% =3

Pyrene?l F¥ %% &3 pyreneo] F127 wio]Al LA Hito] =of
FENgel F RAtEl 9l AE & & ATk (I¥ 35). 5%, 25%
blending sIPN 2] Z}o]li= A9 =t F127 o] =FA171E 2 247
2 AZANAE wto]AE FAst=H F FFo] e e
CMT HX2E A7 Fol8li= pyrened] H]Eo] oF 40% F=Ad wlo] A
Hla] & H]&S Helth o]l sIPN F27F wEolAd CMT o]&te] Wt

exo % vaA e A et

nj
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350
Wavelength (nm)

5% blending F127 sIPN
—25% blending F127 sIPN
— - --CMT
Q
Q
Q
&)
C
®
=
O
N
e}
<
S,
T . T T

400

1% 35. NH,—F127 blending sIPN £3% =4 23 1=

¥ 12. NH,—F127 blending sIPN 9 &3%4% =% (337 nm)

NH;—-F127 Abs. at 337 nm
blending conc. (wt%) 25T 4C
B 3.01 1.14
25 2.96 1.17

52

Abs. ratio
(4¢C/ 25C)

0.38
0.40



5.3. NH,—F127 blending sIPN &% =3

Pyrene® &% 574= 3l pyrenec] F127 mjo]d A=Al Hof
of g Midel] & RAtEo] = S & F ok (29 36). 500 nm
A4 pyrene®] excimer ¥ A7} YERYE=d CMT HAE o]Fof=
pyrene AHE A% 2Fgo] FoJ59] excimer A7} TAadte AEFS

S31=8

i

e

120 ~
) 5% blending F127 sIPN
®) —— 25% blending F127 sIPN
= - - -CMT
2 80+
(2]
c
i)
[ F T -
= s
(O] / \\
o " /
c N
[0} n i 7 S
@ 401 v 4y / AN
o A / N
o i /
= \ X = 7
TR
0 I ! [ ! I
400 450 500

Wavelength (nm)

1% 36. NH,—F127 blending sIPN 3% =& A3 7=
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¥ 13. NH3;—F127 blending sIPN ¢ 3% =4 (373 nm)

NH,—F127 PL at 373 nm PL ratio
blending conc. (wt%) 25C 4C (4C/ 257)
5 34.64 49.53 1.43
25 33.71 47.14 1.40

6. NHy;—F127 blending sIPN¢ Uz} of9lz} LA-NHS
ester9}9 W&

o] ¥k-&2 carboxylate”} carbodiimide—activation®l NHS ester®} &
Ap opnlo]l <bzhe] oM wWhEEte] amide A9 whEU (L¥ 37).
sIPN 23 Au J37F —Au—S— 3/FEAT & F UAEF o] HHofA=
LA—-NHS ester2} NH,—-F127 blending sIPN& HE-S-A] 7
LA—amide—F127 blending sIPN< 379 & Zlo|t} (118 38).

¥ 14. LA—amide—F127 sIPN
ol AHgE Aok

Material Process
LA—NHS ester reagent 1
NH;—F127 sIPN reagent 2

Sodium tetraborate buffer
HCl pH
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o o]

o NH, 0
O/
N
H
9 o
NHS ester Primary amine Stable conjugate NHS
reagent reagent (amide bond)

I3 37. Amide bond A W3 FZ4

H
R0 o R Ry: N
1 1 1 \/\NHz
0 o]
m n m (o]

m=100, n=65
NH,-F127

\ LA NHS ester

o
R0 o R, g
(o] 0
R,: \/\NJK/\/\O
m n m H
m=100, n=65 (o} S—g

LA-amide-F127

1% 38. LA—amide—F127 &4 +%4

6.1. & EH|

0.1 M sodium tetraborate W £ (pH 8.5)

o wWHE9 AAEQl amide A3S HASA|7]7] Yl & A
HE-S- A1 71t} sodium tetraborate 380 mg= 10 ml 7T 59 =5

E=7F 0.1 M7} == 3ht}, o] §M0f 35-37% HCIS ok 65 pl H7}
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3lo] pH 8.5 o ut&t}
LA—-NHS ester &

5, 25% blending NH,—F127 sIPN 5 mideo] So]9)
=07 &o] 5 gl LA-NHS esterE AArste] THF o 0] &n]sh
o} (5%: 5.94 mg/2 ml, 25%: 29.69 mg/3 ml)

5, 25% blending NH,—F127 sIPN 5 mle] 0.1 M sodium
tetraborate H¥ 5 mlE Y3 30 ¥ =<k wyksttl LA—NHS ester &

NS 5 25% blending NH,—F127 sIPNe| Z}7zF 2, 3 ml #7}gF & 18

>

Ir

17 Eek mushEA WS ATk wSol FANW WIHA F3 ol

LA—NHS ester$} ¥1$ & WA= NHS, THF = AA%7] 98 4
st} =49 (MWCO 2 kD)2 THFO| 9& €ad 4 9le= 2 THF 7}

-
e §o%e) 5 ) o] FREES o HolFrh 2-3 U Bk BN
F AYES B4 Axstel YEUe) nud
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2 Y YA (magnetic nanoparticle, MNP) & $4d3slal o] A=
ksl oA F127 3o]o] ©x&e] wlo]Alu} SsIPN T-%A4=
Bk, mpo] Azl sIPN A= o] MNP-polymer 9] E4A7F &
T Aol BAate] skl YA Ade W e AR gl
MNP-#fo] 43} sIPN & ®lwgh A3} MNP 5o wE F35E
7HEolv Al EE7be olek FolA AME OE AFEFE HIt mlho)
A sIPN o] Fx2Q1 zlo| 258 vehve Adeta Azdn

CMT HIAEZRE MNP-wlo]dy MNP-sIPN & Hlwst A} o2z
= g wpol Al FxolA o gt AnE At MNP o A Fo] =k
10—20 nm FEE F127 wlo]d 3ojo| nla] A7) wjio] FAFoA
PETA 9] 7luZdgo] ayg oz dojupx| ¢ko} A7 Aulela o5 4=
Aot v 24 7FA+= Pluronic & vio]Ast sAY sIPN +x25 Tt
+ W Pluronic o A& ma} Jx}e] A7Ao] depA =2 o]55 A H3|
blending &to] A7]E& ZA3hd SIPNo|A o ¢Hgst +x25 ws 5 9l
S Aolgty AztAHl wel TEM Az ##3E =E3 vesicled] A

A TFE2E Lokl Ak Ve Al Ewol 2 Zlolth

YA MNP-sIPN & %5 4 dvd Pluronic & ®%<s o2 4

|12 A3t 1 AS T FE AEA, FA2F §X A, MRI/CT ©]
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W T gt 8ol e Jle® TdiEh

3= F Y YA (Au nanoparticle, AuNP) & 3dA3tar DLS,
TEM, UV % #A43th F127 9 wete] 2 vhe sl 34283 7hs

(

A
st lipoic acid = E?J St —-[ﬁ— _/}\_—}F‘ JA ‘544474]01 pyrene —% ‘%X] 3 sIPN
& WEal sIPN 9 2eE 5 4

= A ~Au-S— FH A sSith
pyrene o S¥=e I 54, 4 H7]YE, TEM T2 w45 Fd
AuNP-sIPN 247} A€ 21& glsith. 28y LA F127 ¢ &
=7} Yol g do A £ 4453 LA—ester—F127 ¢ F127 9 &
g ] go] 20% 7F 9oz wol= sIPN o] & wHEoix|A] ke EA7 Q)
oh. & AuNP ¢ %7} Pluronic | Bl w]$ $t7] wjio] =& 245
&3t morphology ¢ W3tE F& Zlo] ot} o] & #Asty] flste] W
A NHy—F127 sIPN & ®HE %o sIPN 9 @] lipoic acid & %%
AZATH NH;—F127 & Eo|A $3%7F %1 +d 407 sIPN & wEs
 3low F127 ¥ blending & %3 lipoic acid & J&FS adz oz
48 £ dx FHo U dez A{HFH AT

LA—-amide—F127 sIPN - Au EAAE tg8o2 wEA F
°] SERS reporter @#A|E sIPN UFof ©XA| 5l AME ond &

Xj;%@' 5’: 9‘)\% 7)4\23 7]‘—/]154_‘4_[37]—[ 9]

gk

111
}lv

X
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