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Abstract:

This work focuses on the synthesis method of polymer-nanogold
nanocomposites which protected and stabilized by an acrylic copolymer. The
radical chain polymerization was used to synthesize poly(MMA-c0-AA) and
poly(MMA-c0-SA) copolymers, and reduced HAuCl, in the polymer solution by
Super-Hydride in this study. This study also confirms that sodium acrylate group
on the copolymer chain can reduced/stabilized gold to synthesize nanogolds.

Furthermore, FTIR and NMR were employed to investigated the evolution of
chemical bonds between composite molecules during the copolymer
polymerization. TEM and size-measurement were used to find out the size and
distribution of Au nanoparticles. TGA and DSC were used to measure the
degradation temperature and glass transition temperatures of the prepared
copolymers and nanocomposites.

The Anax of the prepared nanocomposites were at 520~570 nm observed by
UV-Vis, hence confirms the successfully synthesis of the nanogold and
nanocomposites. As the gold particles grow up or aggregation, a red shift of the
absorption was observed. In addition, the degradation temperatureof the prepare

nanocomposites were decrease with the content of nanogold.
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—== PMS-{CH:SCH:)-AuNPs

Blend

!
200 400 800
Temperature (*C) Universal VZ.8H TA Instruments

B 2-9 + PMS-(CH,SCHy), # % # 4 7 4 £ 2 TGA FI[19]
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P B kL EREFA L ORIERRA Y LAy (waterborne
polyurethanes)-%  £48 & » 2 g% #FmR ¥ 7 b B (1.74x107wt%) e
A £V A RORA Y B PR RER CPBRETE 2 B
o f HCH 4 2 5F & B R (6.5}107Wt%) » 2K 4T e A2 BBER %A

FORM T Fhfid 4 R G OA B IEFB5] 0 SRR E LT F L DY

{w

o BB R Y R Rk £ A AT OB RE R G e
ABF 2 BEEY 2K B RORA TR R AT Z4 Lihhih3

FEERRPERMTRBIRAT AL PO TR - E3 43

BELNERF ERERZ AR ZAETR T A FHRF > T 5
B A FOEBREILHE LB i 4 o

TN

SRENE AT 2 PREIAEDETARE AT RAS
Bi A 2 BERLTR FRELZAERT LI RAWER A
AR AR ERGEBE) LT NE A EE P PRRF LG 0L
BREF RIS 2 F Ak 3 RAeR 2-10 417 o BEHA &
4w @ 2w (THF)2 = 7 A7 fe'<(DMF)% 3 $83 & 7 > ¢t K g &
FHEPEEH A BEGHEAREA RN AL AP F AR o

W BAFE N R RS RF G E EOPEI] A L E R
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I_—*-‘] 3
M oig sLen pa:ll
- ;éf[\‘ f-@/ )/\
T 4 3
-;:K,C!)i *
A
° A
m Z Oon % *

o P ®

3 E o J:T”,-, A
- J’\,
j5 TF ﬁﬁ:i- I Z B
A'\’I P~
i é] ¥ 72 TEM
* [36]

T
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22 B A BAI-2H &4 EHE

RIAFAFOBER S P EF LD RT A FRT
(poly(methyl methacrylate), PMMA) % - H &2 & $5 5 it 2 LN
HR7AFFIFALERY L35 BRE DT ¢ SR LR
B SET S FRET G o Bl R FHR L st o R R
BER-F A CF CRFAPFBIRITRL S FE
RFWF D g FE R RV R R ITHF[42,43] 0 B BH 4

BEZEERE AR ER* P REEF ARG TS o

Mayer ™ & ¥ A [ % B ¥ [ fg (poly(2-hydroxypropyl
methacrylates), PHPME)& & @ A 5 ﬁ pe ¥z ¢ fig (poly(2-hydroxyethyl
methacrylates), PHEMA)# % % i £[46] > "/ NaBH % B R & > 3t F &

=+ %

«:>w,

e BB R (FAFTE LA H525/1) P ¢ BRBRT A
F AR AT P o R R TR R X T R (A max)

SEERSRA A LB TG e d A

‘\i\

OF AT e

AE A AR NIRRT EEF o

% WZhong % ¥ Fifs ¢ Rhenz f £ 2PHEMA # & 7 AR

FRIEC fa-2 K BAF EMA[30] - 2B R BREF o B



Bz F &bk gz SR (decanethiol, DT) B~k 5 7 2 B erfifi
(11-mercaptoundecanoic acid, MUA) > & & & 7 A [ % ph¥g ¢ fig chzg

SEF SIEE RS

ﬂ\?—

Enp e e PaET gy F I MUA ¢ K
AoF & BRT AP R faY A R B3 0 BT S st

A RED R A REEE ReE F £k o

A A 5
e o -
= ] G A
| i ' :
P A i 5
Rl T :
s = .. 1 v
T e Lo
" T ple g Ay
: i :
; ﬁfl“' et i i e e
i i RS LR ™
e e
; el :;.ﬁu- "'3‘:'" E ] 4 HE il
A SRR -
i, © i WD Ay =
et o :'-eh..i;-' : ]
Nl e "
=, .&_:- illcs b A
™o Al i - A
R o, TR :
g S s 5] — hiam = 11} mn

Bl2-11 ~ MUA ¢ %2 2% B 5]*"PHEMA 3 A 3 ¢ A fF §25

% §10.04% PHEMA (0.6 uM MUA/Au2-nm) ; % $10.18% PHEMA (0.2 uM
MUA/Au2-nm) [39]

# B4 ~ F Hussaingc4z & £ r4 3 U fedp (sodium acrylate, SA)
217 A+ B SRR 4 (poly(sodium acrylate), PSA; M_ =2100,
5100, 15000, 30000) % &% ¥ 12 i 5 3>k 4p @ 93 F £ 3F4[38] fpt 4o
TP RAPERFFRHPEES2 N ETF B FRERFTFER
F LR REHE S o B IR KR X 5 11~50nm AT RE

A RHFA A R GRARRT FEPHRDE K £ doR]
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2124575 o 14§k e 5 s /
ool Z R Ha NS E S F AT Al

,)7"/:,. ,—‘Jk‘= _}-’ = JIV I N
A T {}i SR SRR B ATiE 2 0 A B]2-12%7 % o

Bl 2-12~ 27 @ s (20 )~ BT &P A M, =2,100
(2B R" AP FaaM, =5100 (& B) 2R &p

4 gk M, =15,000 (T B) &R & fed f & o [38]
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25+ Gold particles in solution

--- Gold particles in polymer film
A
20 Y
|I I',
|III II|
H 1.5— II| |I
= i "II
£ T / k,
--§ 1 0 = T __-J II|
=X |
v IIll
o054 e riaTa g -._-'-
\-\.
\m
0.0 . . ' ’ y . ———
400 500 &0 00 ano

Wavelength (nm)

-

Bl 2-13 5 ’11; fadh & = 2 K £3030% 2 JE 92 UV-vis & 2#[38]

B pE et F o3 FUARME L0 R " AR FET i iF s R

hE R R A A AT [37.44] 0 HRT AR FILT fia v A o0

N7

B (0.32~6.3 mM i3 2%k fee MR & ek Wi ¢ > 1 NaBH, (F
ERA TR FRTTEAINZ A SRR A FBRE P o2
FBRA Tz ok BAERRITG L 220me BT RT AR R
g eTR A8 b o i gt - sk ensa dp (] 2-14) @3 R &8s kit
Mo s RGN EGEFRT AR GRT R EASEA
(glass transition temperature, T,)"# % o f& PF 5 Rk 54 #4332 B e
W g HF AR R E S RRSHAB 2-150) T o s W E 2

R BLAN 2 A B A F 2RI 4 A o REAFERZE

F AR R S A



PMMA Stabilizing Polymer

-Gold Nanoparticle

B 215~ % K &/87 AR ST fa R AdLd ()2 ASLES (b)en
TEM BI[37]

FROYouk HEAH FHE F £HEFI 2N B AT RN
Zm o deB 2-160 0 2K R 4 FIRH S AR AP R frzk L
B b HEAREF [ % (poly(allylamine), PAA)indktc & B4 » 77 ¢ #

Bp2/{EAZ K EFT LY FaE s B UL o PaETy v
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VOLFRE B R RN 3K B ) R IR O T

N EBPE R ERAZ K Eondep o H IR S vESFAE 12 0m 2

MMA

8}
® o TBHP HAuCl,
) °  — _—
PMMA /
PAA

Gold nanoparticle

PAA

B2-16 ~ M43 A~ FRBEF 2 51 & 01F25[40]

d L PR R E R S AP A RS B F A

£ RERBZAT 2 A A RER E R LR F LG R ER

,dn
F_*
=i
Tk
%
2
avd
A=
e
(s
=
o
P
it g
sy
S
P
-
bad
‘_—51‘\'
"
‘.__E
=
T
=1
o
ETTRS
A
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23 A e gk

RO FRApBART Y UGB Z N E LI ML L2 2N £

B

RREEA S T A A F E vk B HRL B -

\

m

2R R o FIt WA T AR R f-p e R RPN

>
o

B HEBOTHANESERRE N A FRELERT AR GR

Bhg kvl 2 HABRANPNE > L AKZTIHL 3w o

FLYREd T AP GRT fof FRA L RF UL £ 4

.k‘\
"
—
=
=\

BT B WA FREF AL RE HFaa RS
B R A LA Gtk o BEBAE Y 0 KA G ELE (SA) ~ B T
i+ 22 A G (PSA) kY ERBREBUF R K £ 12

RE R TR T AR E T fa-p A L R

PR

(poly(MMA-CO-SA)) » 1 # i % B m AP & BEF 2
o FTg ¢ MAIT H A kow L kum ko TENT I HAESE R
EAFTRFFAF FORG A FSHETE S 2K SRR

25



31 RHRFLERE

1. 4%k (H0)

WY AL F UMK 0 TIEE S 183 MQem! -

2. w & vxwm (tetrahydrofuran, THF)

TEDIA (99.8%, HPLC ) > &~ &+ & 72.10 » 4 % ;% C4HgO - & F &k

-105°C » #* 2k 65~66°C » +» & 0.888 (21°C) °

3. =% £z (hydrogen tetrachloroaurate(IIl))
Acros (ACS &) &~ % & 393.83 » » 3 ;¥ HAuCl;3H,O - % ¢ %

B T AR AT G B A A F YL PR B

l]\i gé‘ o

4. P Fpag (sodium acrylate, SA)

Aldrich (97%) > & 3 & 94.04 > '3 2% 300°C -

26



9,

=

B AP AR g (methyl methacrylate, MMA)

TCI (99.8%)> 4 3 £ 100.12 i 2 100°C> % & 0.936 g/ml (25°C )+

B pedp (poly(sodium acrylate), PSA)
AFEFRYAEL T EORP GRS EE TS E LA

Fluka: 2,100 ; Aldrich: 15,000 » 5 35wt% ki3 i% o

[ % & (acrylic acid, AA)

Aldrich (¥ & 99%) > #» + & 72.06 » 8 139°C -

Z ¢ /g it 42 (lithium triethyl borohydride, Super-Hydride)
Aldrich (1.0 M in THF) » & &+ ;% Li(C,Hs);BH > & &+ & 105.94 > i#

PREHEF A AU FR D FLRRAR Y o

2,2-1% % B2 ~ 3% (azobisisobutyronitrile, AIBN)
Showa (97%) » & + & 164.21 » Fe B 102-104°C = 7 /4 & i1z > 1%

o BEF P A o

10. # p& (hydrochloric acid, HCI)

Riedel-Dehaen (37wt%) > » + & 36.46> 2L 100°C > % & 1.2 g/ml



11.

12.

13.

14.

(25°C) -

4 ¥ f* 4 (sodium hydroxide, NaOH )

Showa (99%) 4~ =+ & 40 -

A& (nitric acid, HNO;)
Scharlau (65wt%) » 4~ %+ & 63.01 » * 2 120.5°C > 2 &

1.490 g/ml (25°C) -

¢ = (hexane)
TEDIA (n-hexane 85%)* ~ + & 86.18 > /* 8L 69°C > % & 0.659g/ml

(20°C) -

# % # (chloroform-d)

CIL (99.8%) » 4 + £ 120.39 » #* 2 60.9°C > % & 1.5 g/ml (25°C) -

28



3.2 9 % My s

AFELY NAGERAEA LR TSI E (M, =2,100 &
M, =15000) R 7 Gpedpst-kipe BRAE K & Hm LA 5
SAAu > PSA1Au £ PSA2Au- B Ra 1 > ¥ 5 -RBRMKE > ok

)

3-1 #5% o

Petho By R r L AT AR R Y fi-f R B RS A Y
= MAS82 ~ MAG4 ~ MA46 » 7 A3 % fe ¥ fin-f3 sk £ Bb A H &
MSS82 ~ MS64 £2 MS46 o H ¢ $icF cr3h i (4 82, 64 22 46) 8 1 £ 7 A
FRET gt POF R PO EA T R (82 T A R T R T
fa P Bt B enE B =8 :2)° £ MAS2 &2 MAG4 W # @
NeF A F -2 A £ E R ERE LR F MAS2AU &2 MAG4AU ;
12 MS82 ~ MS64 £ MS46 @t m * ez f £-BAFH L HEE K5

FR 5 MS82Au ~ MS64Au &2 MS46Au » 4% 3-1 #7177 o

29



231 -HWEF 2L EE L RIS A

Sample name  MMA:AA MMA:SA solution
SAAu — — water
PSA1Au — — water
PSA2Au — — water
MAS82 8:2 — —
MAG64 6:4 — —
MA46 4:6 — _
MS82 A 8:2 —
MS64 o 6:4 —
MS46 — 4:6 —
MAS2Au 8:2 — THF
MA64Au 6:4 N THF
MS82Au — 8:2 THF+water
MS64Au — 6:4 water

MS46Au — 4:6 water

30



321 GEs-2 K £RFFHEA-2 X £9UA

Fo? 20 £ 5 ARG WHOERRIAIN F RE
A RE A A RER MR AT EER e F REP G
ARPAEFFT LR BLRANEERE AT R AT
RivERF BRI MR B2 6 F B AT AR B R 3Kk

3 ’.ﬁféﬁ?ﬂfﬁ,’f‘i‘;ﬁ (-fir"_!‘é_ﬁ;‘?’/}%’% )#-—-H—'JLL“S,},—%‘;‘;{,O

j\lﬂ;ﬁﬂ;gr;fﬁﬁ‘{fgﬁﬁﬁpgﬁ’rﬁﬁ ln—i-%mﬁ}’,\ﬁ Tpﬁ/"
G SRR —kM =2,100 g/mol l'f';’M =15,000 g/mol » * J& i 424 3-1

»:Lr-/-‘l- o

(A)SAAU :
#-& B (HAuCl) k% % (50ml, ImM)fie B 47183 » & B4 4 3

U 5~10 A 480 SE 1S £ R e(50~60°C) [ 4 ik 4ok 7 i (15ml, 80mM)

EPeiE R D IRE O TRl ZI A o FORIE T < X 30 A 481805 R R

dd kF I b RIENS AT RBRFBEF T LE IR &

B W R R A £ i B 31 4 o

31



(B)PSAlAu :

#-& % (HAuCly) ki3 % (50ml, ImM)fie B 45 (8% » F B4 T
O 5~10 A 48 0 S fE R OB R P (50~60°C) RO ORE
(M, =2100g/mol) k73 7% (25ml, 40mM)+e » » = i - % 3 &/f % pdp
P H o F R RERRD KR SR L E Tk 2d o F

60 A 4 e A4 Foir IR IA e

(C)PSA2Au :

#-M, =15,000 g/mol e [5 4 Fhdh 35wWi% ki3 ik o rLALE KR
i ¥ ik B Oml, 0.7wt%) 4 i & * o %4 B (HAuCly) k% % (60ml,
ImM)fie & 47 {83 » b G E4r B 3 AP 5~10 & 450 2 {8 BR[O padp

BB o F RFERGE 60 A4 AFEFEP DK 2 g0

o

TS

1 e

b
Fd

32



SAq & PSAqy)

HAU.C14(a ) -
! (M_ =2100 or 15000) g/mol

A 4

SvAie G 5~10 A 48

\ 4 A 4

<

B R~ oyl 2R ®E I 50~60°C

A 4

B F R 30~60 A 45

\ 4

SAAu ~ PSA1Au ~ PSA2Au "R 7% %

B 3-1 ¥l % SAAu -~ PSA1Au ~ PSA2Au @ %% ;i 4%

33



322 VAR GRYM-FHRERSFET AR FHRY fa-7
NlcE e s

BI3-25 7 AP FET fa-P PRs R & AR FRY f-p fik
PEBF2ZF BN B33 LHFIAEE -

(A) " A HRT fa-p GRS R E G

M g ke (TR GRA P AR G B fri RS HA 200
FHER T OH(AIBN) S AS4e @] - 32 65°C T F 4B - H2¢ 7 A3
T e F R B RS A e s AU 5 82
6:4 ~4:6 o F ik 15 0 122 A= 0F L 253 &l (non-solven) 17 I} AT R & 2

2B j.;g%?/';g_ﬁnw Grkrm? o 1 -;ﬁ; redze i RS en

B B A2 A0 B % A 60°C 2 T L -

(B)" 7 %" fa-f S pedh £ B el

RS R T RF R fa-f RS R L LA0(Wiw) e

BARRE R ERSF Y TP ﬂ’r;”‘ i B L B fobpbire ~ 3§ eh
0.5N & § i 40 kigit o 216 F g 24 ) P& > vk F R et v 3 p
AT 85 V4RI T NAY s BRI REY o F
6 chA 40k MS82 2 ¢h » MS64 ~ MS46 § i3 3k ¥ v ik ik - % e
it R pApE o HpH EX 5 8~9 R sl
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CHs

HZC:(L + H,C—CH AIBN >
C=—0 C=—0
(|)CH3 (|)H
MMA AA

Y

CHj
| \ NaOH
JV %C R,
| 7y
C O cC=—0

OH OCHg

poly(MMA-co-AA)

poly(MMA-co-AA)

CH3

- L —C%c —clﬁ

ONa OCH;

poly(MMA-co-SA)

CEERFEET LE RS CEAE T LT

ikﬁ}xf\*’”iﬁ ).@‘5\:

35



MMA AA

solvent: THF
A\ 4

{ fe# 3 65°C }

< AIBN
v
{ﬁﬁ’ﬁﬁ4+%}
A 4
{ 1 hexane + THF ‘}Fii%’a%c:'t }
Y
poly(MMA-c0-AA)
NaOH
il 24hr

poly(MMA-c0-SA)

B 3-37 AP FRY fg-f WEE Ry L AR WY fa-P % pas
£ B F o AL

36



323 " AFFEY Fa-ffEE RS- K £0UA

Bl 3-4(A) 57 AP FRET fa-f FRERERP-F K EF B
Bl o #-if % kB S HAuCl k3% (7 0.091g HAuCl,)%e » ¢ 3 33t e
Eekw it AEGMY P RE RS ARY  AREELRFFA
FAE Aol L 1245 HEFEERP A BRAZ ¢ AL it iR
RAE 5 1.5mle 2¢ THF * € 5 50ml > ® A3 Fp® fap ik
EBP G SwWit%e F 1 P2 Bk g a3 R Riv]

ABANG N AL LB B Bk o BB Y 500

7 AR 30°C o HFE2 (ST E AL BB E R o
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CH3 C:H3

H, H Hy H, H H;
C —C C —C Cc —C C —C
| x | 7y X
O

(|:: CcC=0 C|:: @) C=0
OH OCHj3 ONa OCH3
+ +
HAuUCI, HAuCI,
super-hydride super-hydride

(B)

B34 (A) " AP FRET fa-p s Ry-2 K £F RinizH
(B) " AFFEY fa-f s £ BRI -3 K & F BiTAEH

38



324° AR Y fa-f FRHp L RS -2 K 20U F

Bl 3-4(B) % " B[ FAET fa-ff FEG ERP-Z A £F B

B o

(A) MS82Au =1 #

#-HAUCl, -k i3 7% (Iml, 45mM)4e » © 33 f2>S e & v% v 4o -k (R A

5 53) Y KA HRY fap R RSB o B A R
5 80ml> T AR HRE T fa-p RS R 5 Swtho o FeF E S 4

> 1.5mlz B RAZ o Apeg 48 F R 1) SRR d g

A3 i (MS82AU) 5 T35t 3 B A o

(B) MS64Au ¥2 MS46Au sl i

MS64 ~ MS46 o + F oz Ttk ¢ > B %k & il Sk kB
PSA2Au = AN A2 54 J\ﬁw}% = if gk B (MS64: 5ml, 0.7wt%;
MS46: 22.5ml, 0.7Wt%) % * o #% B (HAuCl) k3 i% (60 ml, 1mM)fe
B R OB AR D A S~10 A4 2 1 R R B ik )
MR o F R G 6 [ AF RE G 24 (MS64An)

7 E P e 2 (MS46AU) 0 R 53t BIR IS Ao
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33 FHKE

l.

12 7 3 o vh 2w sk 2§ (fourier transform infrared

spectroscopy, FTIR)
Fi7# * Nicolet 7] 8% : Spectrometer 550

ek c 8B el g8 %
Frds 2B 5 4000~400 cm™ ~ Frks = d#c s 32 = R R 4
cm’ o MR s R 211 9(KBr)iR & AT B2 f5 F Rt

FhL R  F LR A AR T A

)

>

18 (4

~

2wt%) 0 F BRI R WA EN S RT B HEON R SR B FR

¥ eh T 3% K3 ik (ultraviolet-visible spectroscopy, UV-vis.)
R F - Shinadzu A% 1 UV-01 1601
Hr X FtFimpasiding
HOAREFRT U NFELRNEELTF o ER 3
etk A LY F E cuvette ¢ EE R AP % F Iy A

Foo ;‘E'J_'&% F 250~820nm > F#F $7 :# B 5 240nm/min °
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% = = ik (nuclear magnetic resonance, NMR)
R - Bruker 4] 85 : Avance-600 MHz NMR
Hi o588 %
Br B g AFT L AW%AEEF F? o & 3 KFEFHF

B 5 0~15ppm -

~ % 4 7 % (elemental analyzer, EA)
R F - Heraeus A%, * VarioEL IIT-CHNS
B i@z oAt EREY

FU* B N R AL P T EN A BT RN R
WHREPBELEEL QI EA4 R 0 1150C 2+ B ER
MEEY O A BRT RREVER AR GE 1800C o i A
EPES LR R IR o A 2 2 F VR SRy F R
EF B AL Mg At > T AT BB R e B e BlR T

—_—

FEOLETHAIEBEY s TV AHAIEF cF2EET

Ik

7 % 7\ ¥ + & Hcsi(transmission electron microscope, TEM)

RiF - Hitachi A% © H-7100

B R o83 E£REY <
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W A F hdE e o F RIS A RN g A o) ik
e f B A e B 0 2 20KV 2 e TRT T R T K

z K efEfr R o

% % & 47 & (gel permeation chromatography, GPC)

6{’9
R - Waters A 8% Waters 1515

L SLARSR AR SR R N N X
% * 1 45 2 AMERICAN POLYMER 7 AM GPC Gel » 3¢
MR % 100,000 A ; %A 5w & vk (THF) ;5 4 RI 8 jp] B Waters
2414 refractive index detecter ; | % Waters 1515 ; #icdy @ #5 88
o

& Breeze - BI3# P ¢ HIE & 5 40°C » differential refractometer #

B i 35°C kR 5 0.5wt% 0 sniE 5 0.8ml/min o

1 & & 47 % (thermal gravimetric analysis, TGA)
B F - TAlnstruments 3]5L @ TGA 2950
e ik B8 %
WP 10~20mg & »v £ 9 > 3§ F B Y EZ RN
10°C/min i & 258 3 800°C « &) 1258 A (T % & *» 5 eh2 B »

A ode s WRR R (T B - =tflies & Mehdo < & o

42



8. Hes ¥ Hw A+ &k (differential scanning calorimeter, DSC)
B F - TAlnstruments 3|5 @ DSC 2920
Er o gt 1ipappdifg s
FEB-FRI S 5~10mg B ~ 4R A% P o A § §F TERB
T 2 10°C/min e g a# o0 € 25°C 2 3] 180°C - % % = =X

284 R (2nd run) > iR FRIE o

9. T {7k & X-3k ¥8¢ ik (X-ray diffractometer, XRD)
R F - Bruker A1 8, © D8 Advance + Gobel mirror
HEr Xt Fapepdidifsg i
e 1T 7 R 40KV ~ & T T 5% 40mA > 12 2°/min ¥ 10°~90°i& 7

10. A2 -k B 8
K 7 Barnstead A% : EASY pure LE

B SRR DR AN R LI i N 7 ' e A 42 S
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Fri - REEH
41 BHA 47

411 =% A ¥

% 4-128 % 4-2 » 4] 5 MA82-MA64~-MA46~MA82Au &2 MA64Au

~EAAERGEEFRE - AF AT F A E Ak B E P F T
NG S B AL ApIT e A B d BAL -2 K 423 K4 &

MA82Au fr MAG4Au > Fend £ | A WL iR Mt IR |

ARG E A Bk - KA %K RLE T A

BB eI g o
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241 AR ARG EFE B
MA82 MAG64 MA46 MAS82Au MAG64Au
C 5847%  5675%  5481%  57.42%  55.61%
H 7.67%  125%  677%  133%  6.69%
0 33.86%  3599%  38.42%  3325%  35.44%
Au — - - 2% 2%
242 ERAAFAFTRHREL S
MA82 MAG64 MA46 MAS82Au MAG4Au
C 5825%  57.12% - 55.40%  41.16%  53.8%
H 791%  8.58%  836%  8.13%  8.96%
others  3384%  3430%  3624%  5071%  37.24%
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412 Pt 3 kE (NMR)

¥k MAB2 ¥ dreng 2% (B 4-1) ¥ miap| B &

NEREF BT

TR IR LR PSS EA TS PR S L

ALY Ay OCH;(5=3.57)h i § mf 1 8 0

v th CH, (E0 4 0 d 8

RETRE DR RS AT BFFRT fat f e 61511 -

1H FOR MMA-CO-AR

a

CHy b C
Hy | Ha H X

—Fehte

% %
—° *

OCH; OH

d

[oN

14 13 12 11 10 9 8

Bl 4-1 ~ MAS2 P+ Jr g 3 o
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4.1.3 FT-IR k3 ip|:&

B 4-2 = PMMA ~ MAS2 ~ MA64 fr MA46 7 FTIR % +7 Bl 3¥# > ﬂ"%
dOBE R A AT LT fRE ok BIFER B A T B g
A0 d Bl 42 W R i R B > 2P 1700~1740 cm’ %
C=0 (carboxylic acid) > 1740~1790 cm™ % C=O (carbonate)  d *= £
4= ¥ 7 3 carboxylic acid szt C=0 =i 5 A H £ & » 49§ PMMA
#1C=0 v {ci (1730 cm™)P B % % 5 2953 cm™ & -CH; ; 3400~3600
cm’ 5 OH £ e ﬁﬁ:}}%a‘h » %7 MAS2 ~ MA64 ~ MA46 & 7 BLZ T »
TP ERS Y 5 F P GMPOH oA 4 okt C=C o v =1640
om’ GUELE G VAT AFFRMT R A FR I e 2 5 A

EBP o

B 4-3 5 MS82-MAS82-MAS82Au 4r PSA2100 7 FTIR A 45 B >
MS82 F it A e foik P AT h S 00— 431577 om’ (3 R4 e
W ood pF e, MAS2 L ehd T G AFEE SR BHE SRR
GF A REFAFEE A AR e F TR R FREAT A
S kB ER S EARKARF o B R 2 f £ 10 MAS2AU £

i

\4

MAG4Au + % 1570 cm™ M1 3R — Bjgd > wE w2k & %
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> COOH #& i+ 5 COO -

243 LR X RBFE A K £ B A2 FHauE

Functional Group Region (cm™)  Intensity comments
-CO; (carboxylic acid salt) 1540-1695 S asym
C=0 (carboxylic acid) 1700-1740 \&
C=0 (carboxylic ester) 1725-1750 &
-CH,- 2915-2940 m-s asym
-CH; 2950-2975 m-s asym
-OH 3500-3650
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C=0

PMMA

MAB82

Absorbance

MAG4

MAA46

— 1T T T T T ' T ' T ' T ' 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumbers(cm™)

& 4-2~-PMMA ~MAS82~MA64 = MA46 - FTIR ¥ o
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MA82

((b]

(@]

c

cés MS82 1570

5 }

e

) \
MAS2AU 1770
PSA2100 1570

— 1 r T r 1 ' T ' T ' T T* 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumbers(cm™)

@l 4-3 ~ MS82 ~ MAS82 ~ MA82Au f= PSA2100 - FTIR Rl o
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414 £ B+ 2L

L AR FRY P YRERSERT ARG a2 P

Tian 3 BE(My) €8 T 03

\“‘b

(My)& & 3 8 4 % 4y #&

(polydispersity index, PDI) L #% 4-2 o

A4 R FAF AT

sample name My M PDI.
PMMA 32000 12,000 2.67
MAS2 31,000 14,000 2.21
MAG64 11,000 4,000 2.75
MA46 16,000 6,000 2.67
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42 s A4

BETENT I TUREBRIRLS EMAZ LT G2
&R R s &) R R ens B FA R o Bl 4-4 3 R
4-6 %~ %] i SAAu -’ PSAlAu £ PSA2Au 1 %5 %58 7 F Bk ordp %

ez K E3pkod BlEs Rl nEMAF AT B2 K 50
x/quj,.’eg 3R ga\g;mmg\;?/ﬂl » Hod x 1) SAAu i 5 P &Fod

447 505 F Gk & ﬁﬁ&@ﬂ o~ A ALk R

HiE T E N T T EACE TR SAAU SRR L ] ) 5 15~40nm #
sk S A A 395 5 PSALAu SR ) < 5 5 25nm 5 PSA2Au
MRS A5 50nm o Y kAR iR & oo o 0 Bl T O TR
o F iR R e K ARk T UE I RO iR e R T s F R
RE2EFEALRE a1 AFRRDZ N EHLAST FRIRG D

~ 22 FEALRE o EEFFALAFRRAMDL I ER S Z K £
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B 4-4 ~ SAAu ¢ TEM B (*z+ & & 120,000 )

Bl 4-5 ~ PSA1Au 57 TEM B] (34 & & : 50,000 &2 ) o
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Bl 4-6 ~ PSA2Au 7 TEM ] (22 % & = © 50,000 & ) o
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422 2 A ¥

B] 4-7 & Bl 4-10 3 SAAu~PSA1Au-~PSA2Au % MS82Au i fT
A G AR 5 UBL5E B (intensity) 0 ¥ OB IRLATF PR SF T A B A
TR iRl 3 A T nR FIELY YAk A AT (R Al 2 Ay
- PR TR TTROTHAS B AR N £ R L+
4 ¥ - BAHA AR A BREAG AR L GNRATY PR 4

i

%
e ma

e
S8

ChEB AT o pbth SAAu SR B &g 4

(d B 4-4TEM B] ) #710 % =7 BRITA T o PITL 1T RE T

50T BB & o Aok 45 A0 o d T AT R TR 2 B A
+& Bz of £ TEM BEH < - 7 RFZ TEM 53 A

AL RS S R B A

1:»

P g oA R BB &

PER s
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245 RS

Zetasizer nano zs

TEM
sample
peak 1 (nm) peak 2 (nm) (nm)
SAAu 4.23 47.9 15~40
PSA1Au 2.99 41.8 ~20
PSA2Au 11.0 67.8 ~50
MSS82Au 34.6 114.4 —

intenaity (%)

Statistics Graph (1 measurements)

10 100

Size {d.nmj)

1000

B 4-7 ~ SAAu T3 = &2 # [ -
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Intersity (%)

Statistics Graph (1 measurements)

10 100 1000 10000

Size (d.nm)

Bl 4-8 ~ PSA1Au e s & # B o

Intersity (%)

Stafistics Graph (1 measuraments)

1 10 100 1000 10000

Size {d.nm)

B] 4-9 « PSA2AuU s = A F [ o
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intensity

Size distribution(s)

40

w
o

20

10

L) 10 50 100 500
Diameter (nm)

B 4-10 ~ MS82Au crfe js & % [§] o
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4.2.3 X % A 4 G

Wy o e A MAS2AU & MAG4AAU 17 X % SEdd A 45 H i &
4 I & ERE e o (111) ~ (200) ~ (220) ~ B11) 0 B B 4E 5 G
s = 3 (face-centered cubic, FCC)[41] » £ F£d T 7 2 30 ridg £ 3 5f

EAR TR alle gy iV Sl

‘o 0.91 to ks
Bcos0
Ak
T
where B=—|w+/In4
180( ) o35

d X kst RFehZ F 2R S 0 MAS2AU 5 115nm
MAG4Au % 94nm > o 5% @ [ G AAR S o ARG )4
Foehd ok 235058 o £ i MAG4AU B k2 E i 2 MAG4AU® -
AR ERSH R N 2 KRR s 153 nmo AT f{ 2 E 2 (87T € 3

R A LV

% 4-6 ~ X K itz by 4 47

sample ) B t (nm)
MAS82Au 0.60559 0.012445 115.0011
MA64Au 0.72409 0.01488 94.2447
MA64Au-film 0.44412 0.009127 153.6559
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43 kBB

431 % b k-7 Bk kLT

£ KRS TR 3 - FHSTRY 0 R R "ﬁi‘-"—«fﬁzﬁ»
+ (surface plasma resonance, SPR) » id ¥ £+ a5 )k fr < ] 5 B >
BAFET Y kT Ak RFHERAFE L £ EAG T ﬁﬁf#i}éb’%
Bz e i1 & & i3 F £ o SAAu~PSA1Au~PSA2Au~MARB2Au ~
MA64Au ~ MS82Au » MS64Aur MS46Au 1.520~570nm#=2 5 — &t

B HGEM B B B R AMR 0 A 2 B A BT A e A

4T Fhe B0 i C -

it HAY SA 2 A JEA 3 B PSASTELE A o &0 T I E R
Wb A (8 5P RS ) STRE PR £ H s e R e
@ e (redshifyshI e 3 2 > Pt R R B f o freniz k40l o
$0007 R ATWUR 2K &0 Fl4-11 5 SAAu A B3 60°C 2 i g

éﬁ;%\,ﬁtiﬂf €' :"\; éﬁ;rk‘ %}" .‘%;}i 4};“; {7]\ ;IL;»-? E_J%V}\”r{%g%’i o :‘%‘_% %‘\Eﬁ 1] ]:"l'
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d MAS2Au ~ MS82Au ~ MA64Au ¥ MS64Au srid < vt iz & » 7 4
MAS82AU(THF) 1% % & 4= %+ MS82Au(THF)> @ MA64Au(THF)
2 MS64Au (Pk? > B d) RIEARR o P g hkd 3t 2 s ARG H
LRPFFRATITEAR T FEHS B AR LB VKRR L £
o e § 3 MA8S2AU ~ MS82Au ¥2 MAG4AU g < BT iz § ¥ F s
ERP P ARSI x B 4-13 5 MS64Au
ke ) G e R RA G RG A BRAB D) B R BT A F et
B AR W TR BEREEER S KA %33 £ 1 11 MS64 3HokiR R

SR G B RAT LRBRA A & -

bR AARY BB E S enE f £ <] 0 d Bl 4-12 MA64Au
AL T end b kv ke ek o FI AR F £33
RV R e AT RN K EHRTREE LR EX R

SR AR

61



47~ W2 23K & UV-viscsx e K 2 B~ STz i

sample Max. abs (nm)
SAAU® 541
SAAU 558
PSA1AU 530
PSA2AU* 542
MAS82Au 518
MA64Au 520
MA82AU" 540
MAG64AU" 552
MS82Au 527
MS64Au 520
MS64Au® 519
MS46Au’ 569

a: Rk 3K 4& KT super-hydride ;& R & -
b RS ERAEEFE B o

ctBRZN &EhF BRA S 60°C e
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abs

abs

0.8

0.2

0.0

541nm

—— at boiling

300

Bl 4-11-SAAu 7 I & BiE & 2. 2 ¥ &4 & 2. UV-vis = jt £ 3 -

4.0

T T I ' |
400 500 600
wavelength(nm)

T
700

800

3.54

3.0

2.5

2.0 1

154

1.0 -

0.59~.__

0.0

520nm

552nm

—— solution

300

T T I ' !
400 500 600

wavelength (nm)

700

Bl 4-12~MA64Au 2. UV-vis B Tk o
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abs

— without reducing agent
————— with reducing agent (super-hydride)

oood o TTTTTT e

300 400 500 600 700 800
wavelength (nm)

B 4-13~ 14 & MS64AU F 48 7 4 1B R 2 UV-vis = fc 3 -
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4.4 BT A

441 fh ks Bt

B E R B EFEH e 2K 208 RAoBlE B 4-14 2@

4-15 > 8 T, 7] 4 4-8 o

TREY R AP GRT MARAGRORBESER LS S
(105°C £ 106°C) » T “ip] 78 & % 3 A + (MAS2 ~ MAG4 22 MA46)
PPl 3 A R R 327 2 & e B (105~109°C) o @ < ;I;Je *RP
Aedh chpl IR M H 8 B 5 230°C [45] 0 B MS82 ¥ g i g3
HEREYF - B EP L RSP S 38 # 7 (random copolymers) e
PRBEHSER D 106°C H e 7] 130°C 4P § £ T U P 5 B 2

“f {9 R R o

G A A R AR R T £ E o AR

it

s
S

A £ T R ACREM Y R T SR ST el
FRS b2 8 R g fr - 49 MAS2 #3404 o 2%

MA82Au 2 A F A + =2 (4 106°C + 2 1 133°C) -
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0.7

- 106.46°C(H) [ —
0.5
Imag2
o
= ]
N 129.85°C(H) ' —
2 mss2
g |
o
o1l 132.82°C(H) —
“lmag2a0
126.89°C(H) -
-0.14
MSB2AU ____ o mmmmm
-03 T T
40 90 140
Exo Down Temperature (°C) Universal V3.88 TA Instruments
& 4-14 ~ MA&2 ~ MS82 ~ MA82Au {r MS82Au 7 DSC [ -
0.5 1
_ i T T4 CH) A e e T
=) o
$ wes =
g 03
TR
T
2 108.70°C(H)
0.1
| 109.05°C(H) T T
-0.14 . :
|vass .. ——
-0.3 T T T T T T
40 60 80 100 120 140 160
Exo Down Temperature (°C) Universal V3.88 TA Instruments

B 4-15 ~ MA64 ~ MA64Au - MA46 7 DSC [# °
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48 - WE L RS2 B AT

g

R R R TR PR =

T T, T residual
sample (0) © (%)
MARS2 106 379 430 0
MAG64 105 354 399 0
MA46 109 336 382 0
MSgK2 130 360 406 6.4
MARK2Au 133 343 403 5.9
MA64Au 109 337 393 2.8
MS82Au 127 — . —
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442 #EF LA

BBl L B P R REA N ATRES Y HARER
(Ta)~ = B 2R R(T)E A T 3 FE 4 4-8> 2 R 4B L '4é&-H El

IR ET-

§ MAS2 ~ MAG64 22 MA46 e 2R B 7 4 G F P 4 ik et b
B AR R 2B S AR RARM o MS82 s § £ (6.35 wt%)
MAB82 (0.02wi%) % e » Bim (i ks it 5 3 i pkdh o & MS82
2 MAS2 Apvt » B AR R F T chdb e TEE R 3 £ (12°0) 0 B

TEF AT PR R R R KR

d 4 4-8 Firg } 20k £k s (MAS2AU &2 MAG4AU) » & 4p
$ S BP0~ 2 F B2 (3¢ 4 H 2R R H T o 4n MAB2 07
fEE A 5 379°C & 5 MAR2Au {6 B f2if A& " 5 343°C R %22 &

i

fI*gr+ s BRHLFERUG R A0 RAA £ prAp
@ 4Bl 4-16 #7o1 [14,19] - 3 £ & (MAS2Au & MAG64Au > 5.9
21283 wt%) A F P B R TR R (MAS2 & MAG4 > 1.11 &2
167 wt%) > d S FEF 28 s # B R L e BT AR
¥ fa-p A £ R 2P o 4ol 4-16 2B 4-17 -
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weight(%)

weight(%)

100 4 —— MAB82
rrrrrrrrrr MA82Au
I I I I I I
100 200 300 400 50 600 700 800
temperature?°C)
B 4-16 ~ MA82 &2 MAR2Au — & 71 TGA
100
80
60
40
20 A
0 -
| | ! | | | |
100 200 300 400 500 600 700 800
temperature(°C)
Bl 4-17 ~ MA64Au - % 7|50 TGA
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L 24732 > 2 SHAREFIRE RGP AR FRY fa-f R
Ry e B fRy fa-p jEH) B X RS Hd EA~NMR-
FTIR ~DCS & TGA A 157 4v» T4 L i R SHr . 2 7
AFFET fa-f HRERP SRR F BL §3 55 Rk

X

2. hFEE P o f X FOURRRA S RPN L S E BB
£ ¢ f5d TEM &g jsidini % o 0§ 4+ (PSA2100 #
PSA15,000)#+ 8l # ¢h2 & £ Mk iAo TR L K E @ ] A F (SA)
Wit F &5 RBORAF L REA GRG o5 AT BARL

TR 3 F SRR o

3 dmmg o w It AR - R RS TAR
PO fa-A G L RS X RA K 4 - HF L LT 520570

L R S AT RS SR

e R K AR EEA K ARG F LB PR

4 od UV-vis.2? XRD %%V MU BIRE A F & Behd f & 2

3R

FEB AR RS AT AR S g R

LS
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?)';i%x'\ °

. MA82 &l & ez F £ 5 MAS2AU 2 I EH A 25 d MS82
Bl g f 245 MS82AU 2 LI H A E R MIEH 3 X o 5 3

Al g BRARHENERIPE B2 £ B3

o

f%

R
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FARCARFEL @

1. # k& + £ 3 poly(MMA-co-AA) ¥ poly(MMA-co-SA) & E 4 » 4

ERS

R

RE S A S RHEE LR TR R RS F A -

A B R OEE B SRR

2. » F poly(MMA-co-AA) £2 poly(MMA-co-SA) = B # £7 & %

HAUCI, vt 5] - 442 5K £ 0l & ~ ~ ) ~ Bl L AT onifd 2

HELI BAFI-Z AP EHP UG BRI LARTORE
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