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Abstract

Because of the localized surface plasmon resonance (LSPR), the gold
nanoparticles show strong electric field enhancement properties, which many
researchers are interested in. In this study, different thiols molecules which can control
the hydrophilicity and hydrophobicity of the gold nanoparticles were used as the
capping ligands to modify the surface. Furthermore, we can even control the the
location of the nanoparticles to suspend in interface between polar and non-polar
solutions. Then, the gold nanoparticles were dropped on a glass substrate or other planes
for their self-assembly. Using the scanning electron microscope to observe the
arrangements, we can find that the end-to-end arrangements of the gold nanoparticles,
which are similar to the Yosgi patterns. The method successfully manipulated the end-
to-end arrangement, which were close to each other by self-assembly. Strong near-field
electric field enhancement can be generated in the space between the end-to-end gaps
of the gold nanomaterials. In this study, we focused on the fluorescence enhancement
of near-infrared fluorescent dyes (Streptavidin-IR800). After self-assembly, the gold
nanoparticles showed a well-arranged pattern in this film, which makes the
enhancement of the electric field, and effectively signal intensity of fluorescence by
1477 times. This method will enable gold nanoparticles to have more applications and

opportunities in optics and nanomedicine in the future.

Keywords: gold nanobipyramids, gold nanorods, localized surface plasmon resonance,

surface modification, self-assembly, metal-enhanced fluorescence
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Hoe flofq Lens e 2 DNAY » v 12 s e s i £ R b
7% #8 (block copolymer melts)™ fr 2 5t % BEAZ % 42 2077 o pLob > p BT ¥
b s BT B BEHEA R 0 B 2-102% 07 > A EE P AR & T H
f#ﬁ AR F T SR E BRI ERD e 2K Rl R - BHES
& R PRI 0ER o F K WP ER S 1~100nm A - B E R B
Fidet 2K 2B hdaile Ble 2 ARG v * i@k Bagps w2

</‘—», ;_2]—1 b2 ]é'\ "»«I—l—ﬁrJ’mE} tg;t‘hd-*#,gﬁ; ‘}

\-:4
(

0
>

__f
R R AL SR TR SRR

z’?ﬂ
MI

o

BlidE 1 2K LA S frd @RS H DR F oS e KB
FOFAANHMARDFLET ¥ CLF R ALWUR S LG P F Rk
P E R 0 R Rk PRAITE R (ST

AF M) BELPERI KT BB ARIRAT o 50 AP HERT

23 A MBI EETE - BAMRIE  ZRILF & MH P T ot Feng
BRI G4 F{ekg ol idzh o T AFF P BEORR Y 0 5 Fie
G PALE B O BRI A 5 A R
BET LSBT o drF B R BB R EE o B s
Fpp m%‘x’bﬂ—{vﬁ ‘}#ngaﬂfﬁzﬂi: B ooZ2 Bfeni=% 2 -erg,,frfugigg_
HEREG FARY OB e B IR A B R RREAFL IR
RMREAEST R o pEERRA LT AHERAE ISR BT L A A

HF L S A B - % AT 2
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o ‘ “ 4 N
vo’ » o Self-Limited Q
® 7904 W— Self-Assembly -
¢ o r‘ ;
9 v
Interactions
lectros Guest,
‘ . ‘ viauw:: mwm.

B 2-10 p etz s 2
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2-7 Janus Particle 2_3¥{+ g2 & &

DR R FF ¥ AR AL EY 0 TG @R R AR 2 X AT
€ o LR AT AR o A SEERAE K B b R HAEEA AT
o e B FAPES A T OUFIRA SHPM o b TE R FEF T

ok

R OER RO AN SRR FIPEROE 2 LT R Aig e
Aoor GRSy FE R ol B OB R AR OEAR - - BHT AR R
A P L MR R EEAER R KA A2 e 2 e
Fe lm Eﬁfﬁfm’f’é B o

TAE G A A AF 2 HA S T $1F RHEE 5 Janus Particles (JPs) e
IPs e o & 2R3 A 3 ~AZA T (Glrk 5 EEA 0 R &) A ERER
FRaE R P BN S 2R A s Re B RS E
BBty 2 JHNE BRI GRS BRIl R ARG
RADf® o F =26 458G A< Fqo2id | ik S B friirz %

3
=
£~
&
4y

B AR ET B R ar i o kB BERR -7 FAoed s $T 5
o0 ERAC AL F I LB A HEORR Y.

& 4% J. Justin Gooding 2 B Ff eh#= 5 ¢ > 4o 2-11%2 > 7 g d ¥t & 3
A2 B 2 W OB TR o R Bk 2 CTAB Ap$Hg® » FJpt § 4e 2
Voo Rk AR g BAER LR RFRE

\\\\\\\\\\\\\‘IMM@ /. R,
WS //ié4'¢4'in\\\\\\\<\é\\\

4-ATP

(o—o)

NHUIRERRG 2 < JARARRRGRG -
ZINSS I

B2-11 & 7 F Ml sh ik A 3 4 32
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b d AT B A RRSEHBLRT TH S -
AL RERAZ 2N TR EZ AT AL - HEk T - BRI

e JPs 2 B AIEE o A G b AT kR B En R M S S

AR EE S AeB 2-12 o o
One-step %‘
E6C3 + C4-E6CT1 \\§ “///Z,’
HQ NN S — o S— E =—
L T Dy &
o / \\
g oM //ﬂ \k\\

Two-step

citrate-GNPs E6C3 \\\{\\“M;’/, C4-E6C11 \%‘{w /. ; };:\gg;:é

ZIN

A - 33 :."/_:: ——_ \ /m') knv\
T SR «

7N ,// N | ’%“

Assembly

Janus-like GNPs with in water

hydrophilic/hydrophobic faces
W] 2- 12 % % 213 4F @ =~ 2 Janus Particles™
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2-8 PLHPHERRE

2 B ot ER > d 2 H 5 ABDLSPRFE 22 F Y -
CER T F AR R B R RS SR Y > a XD R AGR A
oy ek Aieng 2 &t 4 /£.20 nm # 4c 3 220 nm fF > 2 LSPR sk iz
=% d 500 nm % iz =4 F] 800 nm v X FLeF A 'ﬁ'i?’]%] > M kA £ 2 K
SR AT kR hgt P o @ 235 B B (anisotropic) £ 2 F 5 d AT E
3 ¥ » (transverse) {r&ise (longitudinal) = &% & T ZF]%—? BB 2 F
WA K £ 2 5K ek By (aspect ratio ) » #-# % LSPR f£_580 nm 3 4327
1200 nm > & F 7 EF LR IaT it kings R B0 G A3 A B E G RBRSD
LSPR it » e £ 2 K B ¥ £ 7 $+ ehe 4 4 F (size distribution ) » &€& #3%
o LSPR ez 8 % » 2 X 3 % & (full width at half maximum, FWHM ) % &
150~200 nm s IR 7% £ K ALY - Bt BESERE B F
PFE G X e Bhe ™ & 2 & iy @LSPRVAP]IO)fBLL!%*‘q‘ﬁs"‘f
Ak enL Bk £ KAWL e RUPEG { BOhINTHH R
w4 0 E ol R A F ek e LSPReR M L 3 7148 e peb s £

F AR % e LSPRB3 T > ¥ #4403 { Mt £ ok & ;ﬁ?ﬁﬂ 1330 nm® - &
B &7 N AT Y FIRB L S AR 0 T RITHF L GAR A
(refractive index sensitivities, RIS ) ™ % & 2 { 4+ eh %5 Fl#ici& ( figure of merit,
FOM) #! -

AA G e Eer A AR o N H B R e ES R  F R D
IR A X FIRAME - I B p R A R R 0 3 EF 1Y
ik S MR A DI T o R R chet Gy fod s andE it s A L 4
R B R AF LB > AT R AP FELS TR R A BE kR
boafE oy 294243 % TIRE RS el s 2Ek At e B2 KRS 0 BldriRsk

ML TS S GRS e s AR T S s e AR R e A0S 2 fE 4 Al
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Foo 2 B ARADDRATE R D O RS R LA LR
SR feT A LR P KR K T DB RAR S o 2
KAk hp Bk g X PIH A B ngpds > @ e T IS F O ROCT B R R D
BV mBAhE N F e M) B AN R LS B

Ho P e ORISR RHRAEEEG L AR Y e B R E P& K
o BRI VASOEHRITY o o - AT NS R ER A 2

A RRFAR DR AN L G MR DE B RN KRS i

r

St Bt Bp BEDFLIORY 2R C GG S AR .
SEAFBHEME GV 23 A BT HBRENLEPT BB - £ 3
*ﬁ*ﬁ%%’iﬁﬁ?%ﬁﬁﬁﬂ’*wﬁﬂ%&%ﬁiéﬁﬁﬁ%aﬁ@
oo AIF RSN A B hiREA TR R h ] i fos it Tirdl Ao A
REVSfor it RIT R RE T A SRR BA L BRI 3
ERAALD LK Ao TRHRDBBEH L LR K BPTHLE o 4]
Pink o Bk A4 SR NIRL A RIELED) R EFET - T3 L

s A eng RS S A F R K R AR b Wi

FIT s ir A A ke e T T H o MR R g  for @ o
Ligand Exch
'gand Exchange Hydrophobic solvent
<+— Hydrophobic

—

<«— Hydrophilic Self-assembly
Au nanobipyramids Hydrophilic solvent
# hot-spot
W 2-13 j5 % PN EAMA G A NEEL VERFE LG ORT > 4 AT kiR

EREBR DR ¢ p BRI N E G FARTE R B
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Fz2% RHRRAGEHA

31 RHES
- CAS Number R4
Tetrachloroauric(III) acid trihydrate, HAuCls-3H>O 16961-25-4 | ACROS
Sodium Citrate Dihydrate, C¢HsNa3;O7 -2H,0 6132-04-3 ACROS
Sodium borohydride, NaBH4 16940-66-2 ACROS
Hexadecyltrimethylammonium bromide (CTAB),
57-09-0 SIGMA
Ci9oH42BrN
Silver nitrate, AgNO3 7761-88-8 Fluka
Hydrochloric acid fuming 37%, HCl 7647-01-0 MERCK
Fisher
L-Ascorbic acid, CcHsOg¢ 50-81-7
Chemical
Benzyldimethylhexadecylammonium chloride
122-18-9 SIGMA
(BDAC), C2sH46CIN
Polyvinylpyrrolidone (MW = 40 K), (C¢HoNO)n 9003-39-8 SIGMA
AK
Sodium oleate (NaOL), (CisH33NaO), 143-19-1
Scientific
4-Mercaptophenylacetic Acid (4-MPAA), CsHgO.S 39161-84-7 Aldrich
11-Mercaptoundecanoic acid (11-MA),
71310-21-9 | Aldrich
HS(CH2)10COH
n-Hexane, C¢Hi4 110-54-3 ACROS
Ethanol, C;HsOH 64-17-5 SIGMA
Polysine Thermo
N-Hydroxysuccinimide, C4HsNO; 6066-82-6 Aldrich

25




Succinic anhydride, C4H403 108-30-5 Alfa Aesar
N,N-Dicyclohexylcarbodiimide (DCC), Ci13H22N» 538-75-0 Alfa Aesar
N,N-Diisorpropylethylamine (DIPEA), CsHi9N 7087-68-5 ACROS
N,N-Dimethylformamide (DMF), C3H7NO 68-12-2 Fisher
Phosphate buffered saline, PBS 7447-40-7 Biomate
Biotin, Ci10H16N203S 58-85-5 SIGMA

JenKem
8arm PEG Amine, MW10k 25322-68-3

Techology
IRDye 800CW Streptavidin LI-COR
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3-2 RRRFAANE
3-2-1 R P53k K Hh (Water Bath)

AW 2 JEE Y > 2 E% A5 5 FIRSTEK B40IH « ¢+ — % B2 7 1
@R Rl BRFFA 0TI 100 » fFd @il =i L 7 F %iE R4

Flenp e B REIRARCHIREF LT o 31

— SRS |, v

B 3-1 % JF%I};}\’H.‘, FIRSTEK B401H
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3-2-2 & i 4 33 48 (Universal Centrifuges)

AF B 2 s i B M A8 L HERMLE Z 326K o 2 % % 2 i &
B 7R AL 7500rpm > T EFRER A K > HERFT I 10sec | 99hr59min
ozt PRESTOGEFERLAL PR E20CH40CLF o KET
Sl PR 2 B KR A ARE S e 4 o e d TR BE IR

ZOERGET I o PR S 2 IR S S deR] 3-2 ¢

B 3-2 % i .4 4 4 3< % HERMLE Z 326K
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3-2-3 iRy

AFBRFET ¥V - Ho 8 5 RW eppendorf %) 5L Centrifuge 5417C - gt rii— i

Ik

BEPEPW O EHIREE IV REIO RS F-RERECEMFEL 1D 2

s R AE RN L P R A o A - EE TR L A RET

i
[

% i 14000rpm ° 4] 3-3 °

B 3-3 #c® % @ 4w 8 eppendorf centrifuge 5417C
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AR BT 25 5T S 0 ® B0 A15 5 Hitachi H-7100 o %0 B =

S E N R4 o TEM #-53F 4o id 22 B B 2

(\x
<l
|l

TR RIS

2,
I

¢

et AN B- B FIT IR RE S BT R ARER S

B
-0
(Sh
24
(\x
=
N

N

il

Ko A2 FERTFAMEBBIH2Z TFA e TFRE
&

—kgmg,fui’,%wxg%;\;u;,é;gqg‘;J s e Rk B~ R S ,rz;@ Sk

e
)
W
™

>

:

-
G
E

B o TEMV®& &% 0.1 ymbBEi > 4r@ 3-4-

Bl 3-4 7 %5 7 + & fcst Hitachi H-7100
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3-2-5 ¥ ¢ sk-v B k-3 i b sk 4 sk sk 3 ] (UV-Visble-Near IR
Spectrophotometer)

AP S 2 Wk kow BkoiTio vk kA kSRR 0 BB S hewlett-
packard 8543 o ¥ 14 % Fqe o AT R R R LG AW i Rl 5 R R
ZAFRE - RBHYFRETRIFL R AN FREERIDAF L
o RECEREERRE > LTI E - B R ER o BT HE G B
S B EH 0 RAUBR SR A BT FIAACR MR T R i PR
BELofF kI AR ETR IR 2V FIHRSLIAITRBARAEZE 0 4oF] 3-

50

B 3-5 % ¢h k-7 k-3 iz b % A sk k¥ & hewlett-packard 8543
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3-2-6  #FH T F B8 (Scanning Electron Microscope, SEM)
AP A L HFh T BS 0 B R AI5L S S Hitachi -4800 ¢ % i
TogABELAE B LOSEMEEY B ETF R(T R 0.2~40kV) > F R B
62 3 F RIEHIFHSS > BF RFFH- XFF (secondary electron) M
UHFERESE DR G 0 ERPI B R - AP - T 0 - AR

CEF AR AR B B S &R B 4o 3-6 -

' AN

30
B 3- 6 4 45 ),\‘ + & fic4 Hitachi S-4800

32



3-2-7  pL 5| ¥ k#FH &R (Microarray Fluorescence Scanning

Device)
AF BB 2 Mo | ¥ R F H & 5 NIRMIDAS Biotech » 2 & * 345 748
WEF R > pZAfAI P ayeF kR %5 647nm & 785 nm o fiz & 4F

AP LR LI AR LB FRF T T RS A 4o 3T

B 3- 7 #ctt 7) & Sk e k (MidaScan)
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33 RBHZ
331 &7 KFeam2 &

EREZ AN ZF22Y I RRYALZ I IHEY i L
% (seed-mediated growth method)!>!'*» @ L A F 2% ¢ > FEH2 & X3 2R %
Jianfang Wang z_ 4 2% B[ 2015 #rg £ e 2 M B & S riffev F 44
Cetyltrimethylammonium bromide(CTAB) w2 B & /& {2&] » M 242 fhfd = & 2 2
CCEE RS
BAE30C2HE T WK f 4873 % (Seed solution) :
Step 1. ** 30°C I T 4 » 9.625mL -k
Step 2. 4 > 10mM, 0.125mL 2. HAuCls-3H,0
Step 3. 4cr > 10mM, 0.25mL 2. trisodium citrate
Step 4. ¥ 3?/}-73&@ 4v » 10mM, 0.15mL 2. NaBH, & 3#4£ 10 f5 {6 # % 2 /] pF
#HFTE30C2HEB T WA = £ F R (Growth solution) :
Step 1. &f &%+ F A @ 0.1M, 50mL 2. CTAB i ¢ 2 8 & &4F & 30°C
Step 2. 4 » 25mM, ImL Z. HAuCls-3H,0
Step 3. 4t » 10mM, 0.5mL 2. AgNOs
Step4. 4c > IN, ImL 2. HCI
Step 5. #* ¥ . Bei# 4e » 0.1M, 0.5mL 2. Ascorbic acid
Step 6. ?#&%l}i\—ﬁ der Aw ez & 2 0.5 mL seed solution » f4r » % {8 i@
B A 10 AR S |
Step 7. %v} oo s g ig 7000rpm > PERF 15 2488 0 @ H o g 2 “,%i K%
Rte iz KRR F TR
Step 8. Jgd #t-w 4% r1gdig 7000rpm > P 15 A 4Bis o R E A BT TR

Rt 01 2mM, 15SmL 2. CTAB 27 w3 T = =
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3-3-2 £33kt B

Aol AN AP BREORRTET o R HE 22 4 Firipitk

PR WG 2 40% o PN FERBES P HHRE A TR o P

FARE ST RREALZ N AN AR A ATk o A

4 7 Yossi Weszmann z_ § % Bl [§ & 2015 #7% 225 1 f#

Benzyldimethylhexadecylammonium chloride(BDAC) T i fe & 7 F fF4ad8 2 ~ /]

F koo KA feElA B kR 2 BDAC M7 iv 1 07 -

Step 1. #-h % & % J12 K31 & & ¥ @444 15mL 2 . % 2 & 7000rpm -

PR IS Adbie B A dEX Y KRR

Step2. %+ B 3-8 2 kA EHR > 4 » 7 fez k2 BDAC #4# 10mL /% &
(8> 375C2 B TREFEE 18 /] M K

Step 3. 2 %J R o R K 2tk S 2 kR R

Step 4. 12 3. 48 2 4 & 6000rpm > FFRF 10 A 451 @ H /»wﬁvé!f KSR
Step 5. WAt €47+ - ¥

Step 6. #-t &2 2mM, 1.5mL 2. CTAB w3 ¥ = = ' it

360

. y = 1818.49 - 1.88x
340 R*=0.94

320 =
300
280 4

260 4 .

BDAC concentration (mM)

240 -

220
770 780 790 800 810 820 830 840

Longitudinal surface plasmon resonance (nm)

B 3- 8 BDAC ;& & #¢ LSPR & £ B (2] 10
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AR SRS X LB F e N0 167, A@mmmens A NG 85
%% Christopher B. Murray 2. § S B 5> 2013 & #rf £z g7 185 pb— £ 43

;$E jEd cetyltrimethylammonium bromide (CTAB)#? sodium oleate (NaOL)z2_ #

>z
2
W
W

FoRBFR AT o BN EZEFEE o 2EL Y CTABZ E R
GoEER AR R o ET R LA AFED g HY 2L F Hob A
05% > TF7MUBELEEZABLETREIILYELSE 5S0nm LSPR 3yt £ &
650 2 1150 nm o

BAE30C2HE T WHE f 4873 % (Seed solution) :

Step 1. B~ 0.36445 5.2. CTAB i H ;33" 5mL = Xk

Step 2. B~ 25 mM, 0.1 mL 2. HAuCls*3H>O #4c 3 4.9 mL &= -k #

Step 3. #-Step 2.2_ ;3% 4t & Step 1.3 7% ¢

Step 4. P~ 10 mM, 0.6 mL 2. NaBH4 4t » 0.4 mL &= =t -k #

Step5. #-Step4.2_ 73 %43 Step 3.3k Y > TR @E W2 L4518 > FE 2 PF
#FHFTE30C2HB T WA £ F iR (Growth solution) :

Step 1. #+4 % 3F £ 5~ 9g 2. CTAB v 1.234 g 2. NaOL 73 *+ 250mL = = -k
Step 2. P~ 4mM, 18mL 2. AgNOs3 > 4r » Step .23 ¥ ($#F ¥ 15 448

Step 3. B~ 1mM, 250mL 2. HAuCls-3Hz0 4t » Step 2.2 i3 i% » i #0490 A 48
Step 4. P~ 12M, 2.1mL 2. HCI 4t » Step 3.2_734 ;% » #4X 15min

Step 5. ¢+ s JR B3 Se » 0.064M, 1.25mL 2. ascorbic acid » i #3530 )
Step 6. B‘fﬁ%‘f’}"ﬂi e r ha fetl] 2 & 2. seed solution 0.2mL » 4r » {8 -1k #E
E30FTEFE 17|

Step 7. ™ . %2 g 7000rpm 0 PFRF 30 A 45 (s @ H o g T 2 G RERIL
Step8. M= =x-kwizis > £4F Step 7.

Step 9. 14 2mM, 15mL 2. CTAB w3 = = & =
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334 £FAMHLEAAEEEABEH

Step 1. B~ 900 mg PVP 4r » 15 mL /ES]‘H: ¥R >%f3F 1] PVP /f‘]ﬁ/% it

Step2. B~ 4 % f EHAMB2I M) 73.8 L4 » ImL 4 3 k¥ » ¥%3 s d
P54 % (237 M)RIB 100 4 L

Step 3. £ 4§ Step 2.7 =

Step4. #-Step 3.17 3|7 Fpw g 4t - THrE F 4. ¢ 2 7500 rpm FF R 10 min
T

Step 5. 4t R B {54 %1 Kk > 5 = g A4 100 L i3 0 £ 4e ~ 900
w LiFp

Step 6. #-H.~ F 3] £ 7 5K HF SmL 4 » 145 mLPVP Fpld 5% ? iR £353
Step 7. B~ 19.9 mg 2. 4-MPAA 4v » SmL Fpd > fefll & 4-MPAA 73 i%

Step 8. B~ 500 1 L 2. 4-MPAA 73 i %M 4c » Step 7.7 » F 4=~ & 10 hr
Step 9. #-Step 8.5 J& %% /% ™ 12000 rpm = 10 min » 2 ",f,} R ik te w ik e

+ 25mL

3-35 & EkHRLp ek

fl* B2 &% K a2 IPs i - iRk - ik
S M it BHEMCKE MIEM D e Rt A2 ERM A G AR > &2

F AR R a7 B
Stepl. - 1.5mL &g @ 4er 0.6 mL 2 33 K& 0.6 mL &+ 2 =) = B3 &

p
R
PN

Step2. #-i24FiEis2 £ 2 FHAl4e » 30 Lt — BERFH A ZFp B <

e

Step3. 1% $HF MR 5 B TRBAL G 0 TR G T2 EHAE Y

100 L BefsBdip 2 Aok # b > % 3 F0%
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3-3-6 B EEMRZ F LR

Step 1. #-Polysine 2 3L 5 12 3 fp ~ iFpE ~ -k 2 8B ke

Step 2. fiz @ Succinic anhydride 0.45g/25 mL DMF % /%

Step 3. #-Step 2.7 7% 4t » DIPEA606 u L& &£353 {4 » /=72 Step 1.3 7 3% 18
R R B VUERE KR

Step 4. 7% f# DCC 51.6 mg &2 28.8 mg ** 25 mL DMF ;3 ;% ## DCC/ NHS /3 %
Step 5. 7% f% PEG 52 mg ** 10 mLDMF # » ¥ % # 17429 y LDIPEA # * »
i# % R g

Step 6. #-Step 3.2 g ¥ %2 Step 4.7 k454 15 A 4515 » 2 453704 73 /R 4r Step
SRR#ERF 2P F R E PR S kT

Step 7. 7 % DCC 51.6 mg ~ NHS 28.8 mg ~ Biotin 61.6 mg ** 25 mL DMF # - &
&% DIPEA 17429y L & * w8 &

Step 8. #-gk 5 Zi# Step 7.5 ® #& F 24 ) FF > F en & vl ok fik
Step 9. fie @ PBS 1/10 %% ;% 100 mL * 12 fie %] IR-800 ;3 /% » & B|fe @k & 1.6
wL/mL~32puL/mL ¥ 64uL/mL = kR

Step 10. Fr4iEREE 37T AT » #4125 2 £

Pl

stk
-
D
|
A

“rEck R 2 IR-800 #84% 100 u L > # & £ F J5 2 /] P*
Step 11. #-Step 10.5 k= &2 5 % » # - 34 5 2 PBS 1/10 873 7% 150 4 L 5

Moo TEAFZ M roRGFRR Y > TR L p BE2 &3 K HALEANY KR
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Fri REEHG

Wit 4 A A EHRE R A B AN P £ Jianfang Wang 2§ % B I}

R NP A R N AR AL & o Ra AWML A - F
HRAR S 2 ehX Frf > FlUt g4 A P d Yossi Weszmann 2§ 5 B Fj 7 4

f]* BDAC Wi & 3 K g4tz =2 0> * U3 &3 K stz 25 - &
FOF A A Gk 5 3 BRL PR DRSS ud Rhik kR LK
2 BT Bihik R R LT o @ £ 3 F AR fh2 soTie B Jag 5
BT Rw s SR R 2 Rk H Fra Fopt 5 H R F) G F)L A eh
BlAS? F2EF S g F AR F 2 &2 AR STl T AEITR R
2 BT R T e T ERAE BT B 2 BT A A o U - IR

Fo o K AEPHTATY T RSP A HETE 2 M o KBRS T B R R A
HEANRAMBE REDAES > Aapmy TR Y2 g2 A FaMAS 22

B ERAE QA8 E L c HEBRERYCE ! 6193 331 il 417

Btk iRl o AR IHMETV MNERIMES N TEZ A BHEBERY
109.1+3.0 z s BR 365121 2 0 E RV L 298 4@l 4-2 0
1.04  |—— Unpurified
— Purified

Absorbance (AU)

. T . T .
400 600 800 1000
Wavelength (nm)

B 4-1 425 hmz B b jo ks
39



200 nm
Bl4-2 & 2 F Féat2 TEM 2 ij
St s s oK EAME S B2 A8 0 iz 23 Christopher B.
Murray 2. 7 S B ff 22013 @ 2 a7 7 - 817483 A2 & %" ;‘g
d cetyltrimethylammonium bromide (CTAB) = sodium oleate (NaOL) 8 7 & i
MA g TR EFEIEFEFLES B pt s FEZ B if\-ﬁfﬁfu—;ﬂ”ﬁ 2
Wehg S o FIR A GV A e B o ol 4-3 0 T GES R R Y R
£ A EHM-REG S BP AR TE > 2 i Kbz B L gt o Brie
fhz_ g e o BH e Tk £ 2 K AR VB IR E 2 K Bk
PR 2 LB TR c AL B TR Y L AE K BEREGAES2 2k o £
1 T3 HMERER P b ang 2 K BERY 12965752 F 0 TR Y

353824 2 K > KBV 5 3.67 0 4Bl 44
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Absorbance (AU)

07 [——NBP

——ROD
0.8 -|
0.6 |
0.4 -
0.2
0.0 -

. ; . :
400 600 800
Wavelength (nm)
Bl 4-3 &7 8B4m0 £ 2 2w fekid
100 nm

W4-4 &% 42 TEMBE ik
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4-2 Janus Particles 2. & =&

d %1\/71?1» $7k ‘} %&ag‘gw*«mﬁ,}%‘iﬂ%@ﬁ g“’“ﬂ > l’ftﬁl“;\"ffa

o

+ 7
Yoshinori Nishino 2. # S B2 75 P> Ay @ ¥ A h B2 Gk A& > 7
REZAHBAEL IPs2 i AP %Y > APFLeF &3 2
fp 0 f1* PVP 2 204 £ 2 A M A4 e Y > BEFAP AL - PVP L f
BT BEFEEADBEA > A A ERE o At AP A BEHE T 4-MPAA
B 1I-MA R 7 AR A o 4oBl4-5> g 2 Fafz Sfoki#dd v g

T fEARTS L PVP ehe BRi3 2 & 3 F B4 > A K ik ok kR ejnin

~

By EMEBREES o T#&%" B R A2 2 AR (S > F O IR A 900-1000 #

=

T s P A AR IR d B A II-MA G R AR AR S P R

B -G APRpApRR A E S K B4 T H A

yig

bt S B

5

Ay N

104 ——NBP

Absorbance (AU)

v T M T N 1 4 T 4 T 4 1
400 500 600 700 800 900 1000
Wavelength (nm)
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