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(L 2AT R S DR A AR L =, AT Re & T
ZIAEEI MK RGeS R E, 1
S1oyHUAIAE s AR K RST 9oKobE 7 2 T 5648
XL 2 A P A G U 2 PR ) B s i
HHT, PR B L RY(BCPs) 5N
(I T LGN K KL T (<100 nm) 78 3% F 4 1A b i 20
N Er e I E = e = M N T OFi -]
FER R BIL R F E N A AR, EARIR
JEE Y% G KL 1) 43 A R 58 Ar08-33), ik B SR W)
BERT DAE R v MR, ST DAy 23 (Al B AR
SEF,  ATTTEVE R R 32 TCATLAN KL T 1) 2 HOR
FasE, U T B YRR Ik n] DAB /N 5%
B AE N T e M TG AR 03— 5 1) 25 ) 2 2504381,
Eisenberg %1 X To LGN Kb+ 7E ik B AL TR A
[FIIE R TEAS I SR AT AT T dh, NN EE
A 25007 K& GORRL T I SRR IR AL, 451
S G A (i situ) FVEAL (ex situ) il 2 RGBS, J5
PrEr ) 5 3R FH 4 w3 IR B4 FH 5
BOLRYILA R, B RN £ R S TR R
FRANKRL T, 38 YKL T =) R AE i T B 11X
B, RSF RIS B R Pt i B AL ) i 4% 7 5%
Se TAeAE QKR T- 3R TH A ARBTG5
SikB AL RS, T AR R A
R, AT LAOE 52 IR S B L 5
I B R, FERORKIIRRR T 99K 0T df L A
SEMESRAFAE . Chen S5 I 2 il & 99 KR 13K 1T
PO SR B K, AR B AL SR Y PS-b-PAA (R
L)3-b- R IR AE AuNPs L TH ik FEME I, 76
110 °C Rk 2 hE B IE B %R, (FiRBIL R
WAE B T I ok B SR AR, i i oy
ORI K B4R A 5~15 nm [ 54> AuNP F5f 255 51| 4F
AN Jigg SR 2. Song 55 AR LI 7 v e il & T
PS-b-PAA 25 11 H% Te 9ok 2k, @il J5 £ #43
80 °C¥F 30 min FPFIRALEE, RIEFMES
V5% )2 A RURR () B FOIRRZ - 9K S5 0, I
iy R E LS E Ry AN e ARSEUP/S A e I LW
RBEK A W), B2, BRI R
YRR T RSB L LAPKR B LH90K, Bt
TR B AL TR W B [l 2142 (R () Rl i i KT
2P N VAR () AN W NN SR UD) QYA ) i
i, {H 2 M gKok T R sE d>100 nm B, HiF
2 B AR ST A PR ) 75 22 e JIROAH (X 2 ) S T
PG LIH . Rk, Qe ) FH iR B L TR A o

EISLE XTSI N NI B o 24P N AR R RS Tk
FRE R

PATZ AT TAFE R R R #RaR K )
s R A RS SR A A U PS IR AR AZ ik B
SEAME, [RINHEEIGEAEE ), Hile T EKARL
f) PSs77-b-P4V Py5-b-PEOgos — 4E 4 K IR JIE 3,
IS B T REAS 2H e FESL. A B T %7
A 2y 1 A iR KO AR R AR 30 A8 e SR I 5
l]rﬁj ’ liEX T ﬂi& ﬁj\¥% E,(J PSGOk'b'P4VP32k'b'PEO39ASk
=R B AL R FRFAE ] ~F>200 nm 4 48 K kLT
I AE SRR EA RS, RARA T FHEER K
A R KT AuNPs 5 itk BUE R IR SR 3541
ek i, DL IR #% 78 45 # Au@PS-P4VP-
PEO & & IR T B . ASWF 58 o R FH B IR R
WIHGR K TTVE, TR T A4t B AR Rk
RLF RST IR BR 1), sk 55t T W B 5 4 S A Bk B AL
i1, JE T 2 A B R SEE AR ST E g Koki
TR RS2 I Bz in g 2
PS-b-PEO ik BRI BWIMA R, #— PR TR
BB B BN B A Ok 5 SR I T A
IR E A B B v TR AL T B
WA . BT 45 1Y Au@ R & A% ek e B e e
PEFIRT I, AT KRS 9K T2 AR 25
S5 B TR AR R B A S U B S (T PR g

VES
1 SCIGERSY

1.1 FEER

itk B AL B W) PSgo-b-P4V Py, -b-PEOs 5 (M, =
131.5 kDa, PDI=1.20), PS,5-b-PEOy s (M,=
68.3 kDa, PDI=1.13)l§ H Polymer Source A ] . [/§
K4 & 4 B2 (HAuCl,-4H,0) W H Aladdin 24 ] . +
N ek = L IR AL B (CTAB, 40 98%) Al /L Jie
U LR (AA) ) T [ 245 48 AL R A R A 7]
MR (HCL, AR). 30 wt%id A AL A (H,0,, AR). &
i (CHCL, AR) T Ab 50 AL ) . 1,4- Wi T b
(C4Hgly, 21 E>99%). JosK N,N- . Ff K& FH o i
(DMF, AR) fll 5 /K £, T (C,HO, AR) 4 T Sigma-
Aldrich 22 ] . 50048 FH AT 0.2 pm JE B 8, K
FRRR UL 24 SR S aliih B . Se a0 B i Al
K73k H HL B2 18.0 MQ-cm FI A 20 /K 1] % 5
4t (Millipore Milli-Q).



1134 IKR B KR G 1 5 ik BOL IR 0 m] f 2 2 2069

1.2 H&EEE
12,1 RRSFEGUERLT A Rk

T 2 Murphy 25 (1) Fp 7 A2 Ky,
e 1) 45 13 B /N RS G Fl 7 J0RE . 75185 3 90 °C i
W, 0.5 mL 10 mmol/L HAuCI, ¥ W In A\ 2|
10 mL 12.5 mmol/L [¥] CTAB ¥ ¥ H 15 51 #6 #F .
5 min J5 I\ 80 pL 100 mmol/L F37 #| Pr IR M iR
IR SNE 30 min. 2 J5 ¥ BT A58 LA JAE 30 °C
KR, BEOGIRAE AT 48 h.

7EfE R 40 °Cli ', 0.5 mL 10 mmol/L
(1) HAUCL, %5 i XN %] 5 mL 50 mmol/L ff] CTAB
TR P53, SRIGTEINN 20 pl 1) & 4K Fl
THEWAN S0 pL R U L ER AV, R RO
WIRAIIS), DRRA W 256 @t 5 i m
ANEFFIE R, SERRFTTRER KRS &9
KK [RB14h )5, R NIRAE 12000 r/min 5%
R0 10 min. T UTTE 2 BUE K DU T &
HNAT WG RAL . K B Ak S50y KBE2 IR,
PR IRE T S B SR AE
122 AT A YURBEKR 6] %

W =R B L BB PSgoi-b-PAVP3-b-PEOs 5
T AE 3L 77 DMF H T B B2 24 0.125 mg/mL
MIRIGE T, A3 R IR R 3% 2 min f5 & 24 h
18 A8 0V R4 . B2 mL AT VE R T/ INRE
o, I 3 mL K B E %R A3
5], LW PSEEBIA RIGH], mAREGNIR
FVE T FE 4 0.05 mg/mL, DMEF H1 2, i 3% 771 1)
PRFREL R 2:3. BB 2 A1 i 46 4 A R4k
R EB I 200 pL ii AN #E IR G351 (Au gk
T 5 ik B LR BE R L2 N 1:1000), FE% 4
BT ARG R BEER (A ), 4k
SRO) IR 2 90 °C, fEH6 3 300 r/min 2/~ B
KAFIT ], ARG HCE T T BRI, 153
— RYIAF TR K] R (13 1) S5 2 A a0
KAEREEH . AN TCRR R, 5 AT R LE I P
R B B PSe0i-b-PEOs 51 2 A G TUER AT it >R
FH AR TR 48 732
1.3 E8WMKRMEKNFRIEHRE

i B H 7 B BB (transmission electron
microscopy, TEM)ZRAE 4 72k A H AN i1k X2
FE(JEOL)AE 7= (117 A e R B sSCMOS AL,
I RLET i 52 K AF & 8 1) JEOL-1400F lash 3% 41 Ht
TR, RN 120 kV; HAR TR

241 (JEOL)#5 A CCD AHALI JEM-1011 2 5 H -+
SRS, 0 BELE N 100 KV, BX 20 pL 435 0 RE
A T 300 H A AR N E, 2 4 AR D8 4R
T, BHE2UMNEETREH TR, N TS
PAVP % BUI R AS L, R 1,4- AT e X
e AT R et b 3, RO RO Ry
DA b BT AR, A ERA 100 pL 1,4-
AT B R T, I o8 B 5 R 5 BN 55 %
FHRE 230 CCHIMAR P AT E 24 h, SERUXT PAVP
T DX AT B B R e . B R S W AR A
BIRNR GGt HER SR .

F14 12 5 H 1 S B 8% (scanning transmission
electron microscopy, STEM)ZRAE % A H 4% L7k
AL (JEOL) A 7= 1), o+ A VU2 L8 )
JEM-F200 ¥ 35 J 5 35 55 B B2, 0o WL R N
200 kV. 7£ = 70 HEAE N MSERE it B ROBEE T ¢

o HR e K, E I X £ 1S EDS (energy
dispersive spectroscopy)iEAT ICE T, KR
TEM mapping Z4f #1705 .

Ji 77 &2 7B% (atomic force microscopy, AFM)
S8 R F H A K T (Seiko SPI3800 44 ffil] #5) A
MRF I RfEs, AR FRIIAE TR, 4
B 7 5 30 AR £ 8 Olympus A &) A4 7
(] OMCL-AC240TS-R3 % 8 £, 3k Iz Jiil %
70 kHz, WIEE RECN 17 N/m, SRR E N
1.0~1.5 Hz, RABEAEN, [F 3R 5 R E A
FHIE . FE L 2 R A HOR KA EE, R fER
N A 20 min, REHAI. 48, X5
7K 43 SR P 20 min. #F 5ok A IR T G B
2000 r/min {3 3 i 9 T AL B A feE A SR T
#H.

KR BRSO R E RS R 22
AR AT 1 UV-765 B Ab-1] W43 66 BE v
(UV-Vis spectrophotometer) Il i , ¥ & 5 A
190~800 nm. HUFNB/EEH 1 em, LAA R EFILE
RNZHFE.

B Y6 B (dynamic light scattering, DLS)#
fiE K F Malven 2 &) [ #i £ {X (Zetasizer Nano ZS
Malvern Instruments, UK). ££ f JURz 1) ~F 25 98 44
B 712 RAR(Dy) FRAEAE 1738 A AR AL 2 1 3
A6 H I 15 B 18 1T Stocks-Einstein /5 F£ 43 T 11
H: Dy=kT/onD, HH, ky T n Do Rl A
IRZE B A WEE (°C) IR T )
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n T

ok 2025 4F

P (Pa-s) FIIE R AR MY B R £ . 64— ANl
WA, B0 BRERTFH# 300 s UL E, PLERTR
IR SRS Z+0.1 °C.
2 GR5iTE

21 Z#HERERBYWEXRRTERRMFHLHL
A

ot

1E 5 PSgoi-b-P4VP5y-b-PEOs 5 — fti B 1 5K
VAT IS 2 /T, A U R RS 4K
BT HEAT ZRAE . 3 03 Murphy 258 1 Fh T AE K
FRI6ATY, N G R T IS J5 ) i AR AR K R
200 nm P4 F () AuNPs (B 1). 4 1) R FTR
SYURRLT AR IFA —, BERIE SR
AR, I e &5 A FLBE B H 100 AN 72 45 AuNPs,
3 3 {7 ¥R 4% K/ N (235.8+1.5) nm (] 1(b)).
Bl 25 6 B RL FE A ZRAE I 45 07 12 7 3 KN R
245.7 nm, S EUHEFRECN 0.048. &3t Pk 5 S
(1) 4= 9N KA T zeta FRAZ N 60 mV, - id g R i

PATF BIR R SF SRR T AR BARA K,
ERSFAIST 2], FF HAeGKh 1 & B3 A 1IE
fif, AT LARRE AR FIEVE R AN RAE R R . ik
F£ B PSgoi-b-P4V P15, -b-PEOsq 5 = 1 B 3L KW,
TEARFALE N 2/3 1) DMF Fl Z BE I WI AR, 3L
IR R AR TSR ERTE, oA B 77 1 PS ik B
TR A B SR AR A% J2 T S V5 77 1 o ] ik B
P4VP M Z I 5¢ )2, PEO M [A) ¥ 57 o Z2E {1 49
B A 6 JZ (B 2(a)). TEM Gt 11 O ER T 5 SR 1
HARZIN(62.51.4) nm, $0T 8h 75 G EUE B 75
RSN 1% E 4% D=61.7 nm (& 2(b)). N T M
SYRRL TN G 1 B 3547 Rt T L, ek
PSo-b-P4V P35, -b-PEOs 51 ¥ UH T WLAE 90 °CiE kK
AR [R5 FE AR R S5 R B o, 45 AR B
B K12 hE R R AR AN RS AT 46 1 RS T
B 2200, 1 BH R B L R I AR E VA R K 3R
HREEE R, TSI O SN BEIR K ]
Ak

@ ®) B Relative frequency © —
GaussAmp fitting| 20} <Dy>=245.7 nm
0.3 PDI=0.048
2> S5}
: 5
5 02t >
E £
g g 10+
= E
0.1 5L
OF  omm— — . ——a—]|
500 nm . . . .
160 200 240 280 320 0 200 400 600 800
<D h (IlIIl) <D]1> (nm)

Fig. 1 (a) TEM image of gold nanoparticles with large size; (b) Particle size distribution analysis of AuNPs obtained from

TEM; (b) Particle size distribution of AuNPs measured by DLS.

P KR ~F 498 K K7 5 PSgor-b-P4VP5y-b-
PEOs 5 WIURTE IR &35 J5 FHEZ 90 °CHEAT
WHGE K, B 2(cy~2(D% T A AR Kt |] R 4
HAEFSFIR TEM B .l X L4 28 5 S fn
SIECIRSIAT T, FATRIGL 6 hifiR kG,
T 1A SR Aok 2 R TR B 1) R~ 4 KoL 1
KIH(E 2(c)). BEE IR KIS T 3G N, ok
S SR B 28] 4 KR 1) JE L, (R Bt o i R
HeE kb (B 2(d) 1 2(e)), M i fis % TEM B4
AT DAY 2 U 52 31 S g KR T 3R T IZ T B
HRRARMEES, W EE SRR
SJALF R B HEAT RS . HiB Kk 12 h)E, R
TE 4 KL 2 THI 19 e SR 2 06 i (1] FF R
HHH R T EI SR AR E IR 4

GURRL T, BATE IR G 3 0 & 9K ik
(AU@PSgox-b-P4V P13, -b-PEOs 51) (B 2(£)). 75 B4t
I, 78 [F)— 18 B [ il BTLEURE W 5% 21 K R
SFE YUK KT AR AR R AR R, 5E R
EAKRLT ) A BT SR (L SRS BB ST). X
15 Taton SR IE (1) LR THN B BEAL 9K KT 94
BRI AR R 5% 2 (R G5 R 2 B4,

T SHR B R AT L 1 RS S 4Kk
THHBIESAE EE AR, dd R RE S
TR (STEM)S & o & R, RATRHK
BV AE KR SRR 152 A g5 it
177 RGRAE(E 3). Wi 3(a)~3(d) 7t % 7 A B i
N, AugKRFRIMENE ER C(4). N
(JEfr). O () LR WEEFE, Hpa X
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Fig. 2 (a) TEM image of PS4y -b-P4VP3,-b-PEO; 5, spherical micelles in DMF/ethanol with volume ratio of 2/3 obtained
before thermal annealing and (b) the corresponding average hydrodynamic diameter, <D;> of spherical micelles measured by
DLS; (c-f) TEM images of co-assembly of PS4 -b-P4 VP35 -b-PEO; 5, and AuNPs at different thermal annealing time: (c) 6 h,
(d) 8 h, (e) 10 h, (f) 12 h. Insets are the high magnification TEM images of single Au@ PS4y -b-P4V P13, -b-PEO;g 5.

XL TETC R . B E BT (K 3(e))itt—
WESE, C/N/O 3 IcER MM 5 o & o5 4 1 3t
fr, HREAuK&E, X—FR5E9KR T
%5 5 & M RHEARY & . 9k B8 S5 F 1)
SEEEPE, I 6 R mapping & N AR (K 3(g) ¥
SR G 2 ¥ 43 A A JE 5 s 3% STEM BHE (B 3(h)
BEAT 7 (R BCAE 6 e M R, AR IR BIE B
VI C/N/O JTEE A 5 £ B 40K RL 74 B P il i
B, HA oA 5 B AR W B )
Au@PS-b-P4V P35 -b-PEO3 5 BHEGMEE—
. EETEDS RS R, MMUEEH#HR 1 5H

DEREWERT A S AIRE, HEEFZMN
TER M EUESE T = R BRI A 4K
Ry e g . thhh, 8 zeta AL 103K
ABERIL,  Fh7AEAIER % RS gk 1
fER ke, RIEIIAZ A 60 mV {1
fif s EE 2R S ARR T B B R 2 i,
zeta LAZIZIE T 0 (B 7 SCFF(E B K S2) L X — 45
SRR RT  gKORL 1 58 A R AR R BOL R
WFe/EE, BATANRBOI R MK 2 7
(U2 EERSEIEOR D NN P S N AT
SEEEHE 3K 5 /Ny 13RS 5 DA SGE T 41
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Fig. 3 SEM-EDS elemental mapping of Au@PS-b-P4V P, -b-PEO;g 5. The different color represents elements of (a) Au,
(b) C, (¢) N, (d) O. (e) EDS spectra of Au@ PS¢ -b-P4VP3,-b-PEO;q 5. (f) STEM dark field image and (g) EDS elemental

overlay mapping image of Au@ PS¢ -b-P4VP3y-b-PEO;g 5.

Fe A B B R R Kb 1 I B B ML 2 A AN
[ [y 300,
2.2 Au@PSg-b-P4VPy-b-PEOsy 5 & & 81 K
TR AL IR

TR BRI KR ST SRR 2 76 TR A
B KRR AR R, R R O S
AR 2 A I B A SR BE HL
BT, BATVONLER — i R R B %R R 4
YRR TS B A A R AR R, BB TG
KA KT @A T (RS KT 200 nm) 5573 #Y
78 (WA RO (T S RS BB S3). kA Fif%
GeYRRLTE3E T UK, BATE B4k
b TR 75 BSOS IS s KRB R &
ViR, B RS IR AR K R, 4
YKL T 5 IR AR T e e R, IFLE
R KR E A AR R AR R
YRGB K 7 1 A R B T 2 /N RS
(<15 nm)EGURRLT, N T e m R R rfaE
IEGPRRLTREE, Kbl 13RI K2 &1 T A
FOSRBERCAAR, 5 AR X A 52 1) B AN 2 3o 1480,
T LEFRATT A 2 rp o i VA 438 s TR) AT DL 3 11
BB

TE W46 1) PSg0-b-P4VP3,-b-PEO3 5 JIZ A A

2, BT H IR G VR A FH AR ) PAVP Al
PEO % B IR BRI v 7, DRI ) 5 Hh B IR B 4%
Wi-7e- 450, RIANIE B PS R B I SR 4%
VA PAVP iR LI S8 PS T )2, T o5 —
AT 1) PEO 4k B 4k 252 [ 95 Y A28 7 11 SR 1)
T JZ . AR RN 5 AR K TH] PN ARARCER (A &5 44
HHHEAHERAENL, JE5KRS &80
TR A FE A, 2H R AR R B R AR RS s
31, ERAIUANE B, AT 2 65 B 2 &
PR ERWKBNRE, (ERRE B KK,
1E 6~8 h BLRh S A R A AT i T Rk &5 44, IRff
B 1 PS BE B P TE 9N KR T L. 5 G TR
IR S Sy N AN B o VA o 1T - o =S X
(2R 15 7 B B PEO R 2R T B HE, AT LA
KR NFRE AL, DURE SRR BON
T AR .

NT RS R AR R I,
F 1,4- AR T B xd = ik BOL R Y1 PAVP Bt
177 et i Ja 5 B (B 4(a) AT 4(b)), & 4(b) i Sk
Fizn, Gett ) B S E 9K 678 2 4MI B R
HH BRI R, 1T PO PR PR E 4 49 KR T () PS
BERBG D Yot 5 i xS LS8 15 B 4 gl oKokr
T4 20 nm 72 4 IR 52 )2 55 . X B %=
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Fig. 4 TEM images of single Au@PS¢-b-P4VP;,-b-PEO;, 5, before (a) and after (b) selectively staining the P4VP blocks
with 1,4-dibromobutane vapor; (c) High resolution TEM image of Au@PS¢g-b-P4VP;5-b-PEO; 5, (left). Magnified image of
the box area in (c) (right). The inset shows the corresponding electron diffraction pattern of Au@PSgg-b-P4VP35-b-PEO5g 5.

RHEEHERIPSHINE, P4VP I+ ZHIPEO Y
HNZAR . IX 5 22 FT Chen 25 3]IE ) PS3,-b-PAA
78 /N T 10 nm KR BT B A e IR A 5%
SRR, T HAE S RS AR R R T
NSRS BRE S oKk R L, B2 ERsE K
PS £0.78 7E 90K K K 1 I 5 55 7K 1 PAA T B
FGEMFZE, 1T LA R97 1 E AR i B0, g s

GIERE T = PR S S E LA T 82
I, AT LIS B R 0AH 43 5 A (B 4(c))s fEJE
- RUBE T AT LA T 4 00 552 280 e 4 KORE - (1) it A 2%
40, Au(111) g4 A1 #E N 2.34 A (B F X EEE
KlS4), DLREEEWIN TG e B g5 . A8 2 Fh it
ZIAHEANF RS, (BTN LA SEH|
G A0 K R i S R o) 7 B S % I i 7K A
X

EAERRE, ZWEkTE, AR K
FE P IRR IR KN LA R A AL, ST R 2
90 °CH}, & X} PS BE B 1) ¥ filt B8 71 . 3 311
SERUO), PRI R A SRR AR I R AZ O PS BE R
(Rizsh e S5 T, ERA RKRGT S&40K0 1 H IR
B, RAEFERA SR AL T A BRSSPI, 78
PATHI M EZIS [AIFE R Y, 3EASJE DA AR )

SERIR AT SR R A 5 NRHIE R ST 465 TR
WHAM SRR, HmERIAR 5 & 58
T TR B 2808 B Ay 2 2B B 5 7 3 A RS 280 3%
BN ARAE B AN 3R T R AR M) SR S S5 M
4, e TEM WSS 3 1 i oA 4 3 T 1R/ iy
i I 50 4 (A% 5C A A0 IR T S AR i A2 . R 1 )
R M 45 A — DR s 7 5 & Rk ek
T (1) 2R THD 45 A A8 45 B N3 (R T SCRFE A S3).
ZAH RN 5 T /N3 ad e A A PR BT 44
KL T IR B A B AR,

B 525 T PSgox-b-PAV P13, -b-PEO; 51 X 5
KRS EgrkhFI AR md B rnE’ . B
T A E R AL, SRS EER B B AR AR IR
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Fig. 5 Schematic illustration and corresponding TEM images for the encapsulation large-sized gold nanoparticles by PSgy-b-

P4VP;,,-b-PEO; 5 triblock copolymer micelles.
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Fig. 6 (a) TEM image of PS;-b-PEO, 3, spherical micelles in DMF/ethanol with volume ratio of 2/3 obtained before
thermal annealing; (b) The average hydrodynamic diameter, <D;> of spherical micelles measured by DLS; (c) Typical TEM
image of Au@PS,5-b-PEO, 3, after annealing for 10 h at 90 °C, the insets show the high magnification TEM images; (d) The
average hydrodynamic diameter, <D;> of Au@PSg-b-P4VP;,-b-PEOsg 5, and Au@PS 45,-b-PEO, 5, respectively, the insets

show the corresponding high magnification TEM images.
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Abstract The self-assembly behavior of block copolymers (BCPs) has attracted considerable attention in
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regulating the morphology and functionalization of nanoparticles (NPs) for diverse applications. While extensive
research has focused on NP systems with feature sizes below 50 nm, studies on the assembly behavior of larger
nanoparticles (>100 nm) remain limited. In this work, we report a detailed investigation of the co-assembly
process between poly(styrene-b-4-vinyl pyridine-b-ethylene oxide) (PS-b-P4VP-H-PEO) triblock copolymer
micelles and large-sized gold nanoparticles (>200 nm) synthesized via the seed growth method. By employing
thermal annealing of micellar solutions, we successfully fabricated monodisperse Au@PS-P4VP-PEO composite
microspheres with a core-shell nanostructure encapsulated by triblock copolymer micelles. The resulting
structures were characterized using transmission electron microscopy (TEM), scanning transmission electron
microscopy (STEM), atomic force microscopy (AFM), and dynamic light scattering (DLS). Our findings suggest
that the PS chains at the core of the initial micelles enhance their mobility under thermal annealing, facilitating co-
assembly with large gold nanoparticles. Stable core-shell structures are formed through co-assembly, driven by
interfacial interactions and conformational entropy. Furthermore, this strategy was successfully applied to poly
(styrene-b-cthylene oxide) (PS-6-PEO) diblock copolymer micelles, demonstrating its versatility as a simple,
effective, and efficient method for the fabrication of large sized metal nanoparticle-polymer composites.
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